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Abstract 

This work focuses on preparing NaY zeolite using alternative sources of silica and modifying 

the zeolite with the surfactant cetyltrimethylammonium bromide. Two different 

hydrothermal synthesis routes were employed: the conventional method using sodium 

silicate as the silica source, and the other is a sustainable approach using vermiculite clay as 

the silica source. In traditional zeolite synthesis, sodium silicate is often used as the source of 

silica. However, . The vermiculite was subjected to an acid treatment, followed by a primary 

treatment to obtain silica. Using the ion exchange method, the NaY zeolite was modified by 

an organic surfactant CTABr. Based on the various characterization techniques, it was possible 

to verify the obtaining of NaY zeolite through the conventional and sustainable routes, in 

which the structural properties were maintained. They used the sustainable path to 

synthesize NaY zeolite, which allowed for obtaining a material with low synthesis cost and  

properties similar to those synthesized conventionally. The structures of the NaY zeolites were 

maintained after the modification process with the surfactant Cetyltrimethylammonium 

Bromide (CTABr), demonstrating the structural stability of the zeolites and the efficiency of 

the modification process. 

http://creativecommons.org/licenses/by/4.0/
mailto:thiagojdbarbosa@gmail.com
mailto:thianne.silva@gmail.com
mailto:meiry.freire@eq.ufcg.edu.br
mailto:meiry.freire@eq.ufcg.edu.br
https://www.lidsen.com/journals/cr/cr-special-issues/Zeolit-Cataly


Catalysis Research 2023; 3(4), doi:10.21926/cr.2304031 
 

Page 2/21 

Keywords  

Vermiculite; NaY zeolite synthesis; hydrothermal method; cetyltrimethyl ammonium bromide 

(CTABr); ion exchange reaction; sustainable route 

 

1. Introduction 

The foundation of sustainability rests upon a fundamental and well-established truth: Every 

necessity for human survival and welfare is intricately linked, either directly or indirectly, to the 

natural environment [1]. The natural environment supplies the air we inhale, the water we consume, 

and the food we partake in. It fundamentally shapes our communities and the wellspring of  

renewable and nonrenewable resources essential to civilization. The quality of our environment is 

integral to our health, well-being, economy, and security [2]. 

Several research studies are underway to develop new materials for the adsorption of chemical 

pollutants from industries in general. Due to their physicochemical and morphological properties, 

zeolites stand out as promising materials that can be used in developing highly effective 

technologies to contribute to the preservation and sustainability of the environment [3-5]. 

Zeolites are aluminosilicates with a well-defined network structure, which includes cavities 

occupied by ions and water molecules, allowing considerable freedom of movement. The zeolite 

framework incorporates cations derived from either group I or II elements in the periodic table (e.g., 

Na+, K+, Mg2+, Ca2+), stabilizing the negative charges at exchangeable sites [Breck]. The mobile 

cations within the structure can exchange with other cations in the solution, while the intra-

crystalline zeolitic water can be reversibly removed [6]. 

For instance, cationic surfactants such as quaternary ammonium compounds (QACs), including 

cetyl trimethyl ammonium bromide (CTABr) with positively charged surfactant heads, can undergo 

adsorption onto zeolite via ion exchange with the surface and framework cations of the zeolite. 

Concerning the interaction of surfactant molecules with the zeolite, their size prevents them from 

entering the narrow pores, leading to their adherence to the external surfaces of the zeolite. 

Specifically, CTAB molecules, characterized by a head diameter of 0.694 nm [7], are unable to 

penetrate the average pore diameter of NaY zeolite (0.74 nm) [8]. As a result, these molecules would 

occupy the exchangeable active sites located on the exterior of the NaY zeolite framework [9].  

Processes have been developed using clay minerals in search of more economical raw materials. 

These natural minerals provide natural sources of Al2O3 and SiO2, replacing conventional chemical 

reagents such as sodium silicate and silica [10]. 

Clays are natural materials with low elasticity and density, finding diverse applications, such as 

the removal of heavy metals, the controlled release of drugs, petroleum bleaching, and the 

synthesis of molecular materials [11]. Vermiculite is a clay that belongs to the 2:1 layered 

phyllosilicate family and is one of the most promising and abundant in nature, often resulting from 

the exchange of mica through ion exchange in tri-octahedral smectites [12]. 

Clay minerals predominantly comprise aluminosilicates, suggesting they may be suitable raw 

materials for zeolite synthesis [13]. 
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The synthesis of zeolites from laboratory chemicals is expensive. A currently available option to 

produce efficient and low-cost zeolites is using mineral materials rich in Si and Al, for example, clays 

[13]. 

Its high costs and environmental pollution constrain the widespread industrial production of the 

organic template method. The research focus has shifted to the organic template-free method for 

preparing high-silica Y zeolites [14]. 

Our research group has published studies on preparing molecular sieves with alternative silica 

sources [15-22]. 

No prior literature has explored the utilization of vermiculite clay in synthesizing zeolites, 

rendering this study innovative. This study aims to utilize a sustainable silica source, namely 

vermiculite, for the synthesis of zeolite NaY. Two distinct approaches were employed: the 

conventional method utilizing sodium silicate as the silica source and the sustainable way using 

vermiculite clay as the silica source. The NaY- CTABr were prepared using the ion exchange method 

and were characterized by X-ray diffraction and FTIR. These materials (NaY- CTABr) can be a 

promising candidates in pharmaceutical and biomedical applications. 

2. Materials and Methods 

All chemicals and solvents were purchased from commercial suppliers and used as received, 

including Sodium Aluminate (NaAlO2, Sigma-Aldrich), Sodium Silicate (Na2SiO3, Dinâmica), Sodium 

Hydroxide (NaOH, Cinética), Cetyltrimethylammonium Bromide (C19H42BrN, Dinâmica).  

The properties of Cetyltrimethylammonium Bromide are given in Table 1. 

Table 1 Properties of the Cetyltrimethylammonium Bromide. 

 
Molecular 

formula 
Chemical structure 

Molecular 

mass g/mol 

Cetyltrimethylam

monium Bromide 
C19H42BrN 

 

364.4 

2.1 Vermiculite Clay Processing 

Vermiculite clay, União Brasileira de Mineração, Santa Luzia-PB, Brazil) was sieved with a N° 200 

(0.074 mm) sieve, according to a Brazilian ABNT standard. 

To use vermiculite clay as a source of silica, previous and subsequent treatments were carried 

out to obtain the clay in a more reactive form. The first treatment was crushing its grains. After 

these physical processes, acid and essential therapies were carried out. 

2.2 Acid Treatment of Vermiculite Clay (Leaching) 

This procedure was carried out: a 3 mol/L hydrochloric acid solution was prepared, and 

vermiculite clay was added with a ratio of 1:10 clay mass to solution volume, under magnetic stirring, 

at 100°C for 2 h. Then, the material was separated by decantation. The final solid was washed with 

2 L of deionized water, filtered until pH 7, and then dried in an oven at 100°C for 24 h [23]. 



Catalysis Research 2023; 3(4), doi:10.21926/cr.2304031 
 

Page 4/21 

The steps to be followed in the acid treatment are shown in the Scheme (Figure 1). 

 

Figure 1 Scheme vermiculite clay acid treatment. 

2.3 Basic Vermiculite Clay Treatment  

After the acid treatment, the resulting material was subjected to a primary treatment. This 

procedure was carried out as follows: a 1 mol/L sodium hydroxide solution was prepared, and 

vermiculite clay was added with a ratio of 1:7 clay mass to volume of solution. The material was 

kept under stirring at 100°C for 6 h. Then, the answer was filtered, and the liquid part, the filtrate, 

was used for precipitation tests with 37% HCl. HCl was added to the filtrate until all the silica 

precipitated or until the solution reached pH 7. The precipitated silica was then dried at 100°C for 

24 h and subsequently weighed, and from its mass, it was possible to determine the percentage of 

clay that could be dissolved in 6 h of primary treatment [24]. 

The steps to be followed in the primary treatment are shown in the Scheme (Figure 2). 



Catalysis Research 2023; 3(4), doi:10.21926/cr.2304031 
 

Page 5/21 

 

Figure 2 Scheme vermiculite clay basic treatment. 

2.4 Synthesis of NaY Zeolite Via Conventional Route 

The synthesis of NaY zeolite was carried out based on the methodology developed by the authors 

[25]. 

Two solutions were prepared to synthesize zeolite NaY: Solution 1 (sodium hydroxide, sodium 

aluminate, sodium silicate, and deionized water) and Solution 2 (sodium hydroxide, sodium 

aluminate, and deionized water). Solution 1 experienced a 24-hour aging process. After, the solution 

1 was added slowly under agitation to the solution 2. The reaction mixture resulted in a milky 

solution of chemical composition: 4.6Na2O:Al2O3:10SiO2:180H2O. Then was placed in a stainless 

steel autoclave where the hydrothermal synthesis occurred at 90°C for 7 h. After immersing the 

autoclaves in cold water, the resulting material was washed until pH ≤ 9, and subsequently dried at 

60°C for 24 h. 

The molar composition of the reaction mixture was 4.6Na2O: Al2O3: 10SiO2: 180H2O. 

The sample was named NaY_C zeolite, taking into account the conventional method used. 

The steps to be followed in synthesizing conventional NaY zeolite are shown in the diagram in 

Figure 3. 
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Figure 3 Stages of synthesis of zeolite NaY conventional route. 

2.5 Synthesis of NaY Zeolite Via Sustainable Route (NaY_V) 

Following all conventional synthesis procedures and replacing sodium silicate with sustainable 

silica (vermiculite clay after acid treatment and primary treatment). 

The steps to be followed in synthesizing sustainable NaY zeolite are shown in the diagram in 

Figure 4. 
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Figure 4 Stages of synthesis of zeolite NaY sustainable route. 

The sample was named NaY_V zeolite, taking into account the sustainable method used. 

2.6 Post Synthesis Modification of NaY Zeolite with CTABr Surfactant 

According to the authors, the value of the cation exchange capacity of zeolite Y is 2.5 meq/g [26]. 

NaY zeolite conventional modified with CTABr was obtained by subjecting NaY_C zeolite to the 

ion exchange reaction [27]. A solution of 0.1 mol/L [CTABr] was used. To perform the exchange, this 

solution was added with stirring to 2 g of NaY_C zeolite at room temperature to a volume de solution 

[0.1 mol/L CTABr] of 100 mL. After 24 h, the solid was separated by filtration, washed with deionized 

water, and dried at 60°C for 24 h. The sample was named NaY_C_CTABr zeolite.  

The steps to be followed in the ion exchange reaction are shown in the diagram in Figure 5.  
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Figure 5 Diagram for ion exchange reaction (NaY_C). 

2.7 Post Synthesis Modification of NaY_V Zeolite with CTABr Surfactant 

The modification with CTABr was the same as that used in the previous section (2.6). The sample 

was named NaY_V_CTABr zeolite. 

The steps to be followed in the ion exchange reaction are shown in the diagram in Figure 6.  



Catalysis Research 2023; 3(4), doi:10.21926/cr.2304031 
 

Page 9/21 

 

Figure 6 Diagram for ion exchange reaction (NaY_V). 

2.8 Characterization 

X-ray diffraction patterns were carried out on a Shimadzu XRD 6000 using Cu Kα radiation at 40 

kV/30 mA, with a goniometer velocity of 2°/min and step of 0.02° in the 2θ range from 3.0° to 50.0°.  

FTIR VERTEX 70 MODEL (Bruker) was used to obtain the infrared. The IR spectra were obtained 

at wavelengths in the 4000-400 cm-1 range with a resolution of 4 cm-1.  

The elemental analysis was determined through energy-dispersive X-ray spectrophotometry in a 

Shimadzu EDX-700 instrument. 

3. Results and Discussion 

3.1 Vermiculite Clay 

The vermiculite diffractogram is represented in Figure 7. 
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Figure 7 Diffratogram of vermiculite clay. 

The X-ray diffractogram of vermiculite clay presents a characteristic peak of this clay mineral of 

the 2:1 type, presenting a crystalline structure with several reflections in the diffractogram, 

characteristic of vermiculite, presenting a broad reflection peak at 2θ = 6.15° attributed to the plane 

(002) with basal spacing d002 = 14.39 Å, indicating a two-water layer hydration state under Bragg's 

Law. In contrast, the reflection at approximately 7.02° refers to interlayer magnesium (M) cations 

that are dehydrated. The reflections close to 25.20° and 28.39° of lower intensities may be related 

to small amounts of quartz (Q) and sepiolite (S) impurities present in the vermiculite [28-30]. 

The results of chemical analyses for the vermiculite clay samples after acid and basic treatments 

are shown in Table 2. 

Table 2 Chemical composition of the samples. 

Compounds Amount (%) In nature Amount (%) After treatment 

SiO2 42.80 45.30 

Na2O 1.00 47.30 

MgO 28.20 - 

Al2O3 13.41 - 

Fe2O3 9.04 0.11 

K2O 3.38 0.77 

P2O5 0.08 2.50 

MnO 0.12 - 

TiO2 0.89 0.55 

CaO 0.90 0.75 

Impurities - 2.06 

Cl - 0.65 

The composition of vermiculite clay, in addition to silicon and aluminum oxides, has other 

common oxides, such as iron, potassium, manganese, titanium, and calcium. The significant 
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magnesium content (28.20%) of vermiculite confirms that this clay is of the magnesian type. The 

other sodium and phosphorus values found in this clay are close to those characterized by authors 

[31]. Vermiculites generally show a significant variation in chemical composition, even within the 

same deposit or occurrence. This variation is mainly due to differences in mineralization, alteration 

of biotite, mica, and degree of weathering [32]. 

According to the result after the chemical treatment of vermiculite explained in Table 2, an 

increase in the silicon content from 42.00% to 45.00% and a very significant increase in sodium oxide 

from 1.00% to 47.00% can be identified, coming from sodium hydroxide resulting from the primary 

treatment, as well as a reduction in the levels of other oxides that are not significant for the process 

of obtaining silica, such as potassium, iron, magnesium and other impurities, which could negatively 

interfere with the formation of zeolite generating competition with aluminum/silicon. Therefore, 

verifying that the acid and basic treatments were efficient is possible. 

Figure 8 represents the image obtained by scanning electron microscopy (SEM) of the vermiculite 

clay at 2 KX magnification, showing the clay lamellae. 

 

Figure 8 Image obtained by SEM of vermiculite clay. 

One can see in Figure 8 the typical lamellar shape and the worm-shaped accordion structure, 

that is, a well-defined layered structure containing polygonal sheets with flaky edges and a 

significant layer of crystals. A morphology with compact structures arranged in irregularly shaped 

blocks with an average size of 7 μm [33], this morphology allows molecules of varying sizes to diffuse 

into the vermiculite and adsorb into its structure [34, 35]. 

Figure 9 shows FTIR spectra of vermiculite clay. 
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Figure 9 FTIR Spectra of the vermiculite clay. 

The spectra in the infrared region of vermiculite clay illustrated in Figure 9 present broad and 

intense absorption bands at 3750-2900 cm-1 attributed to stretching vibrations of the hydroxyl bond 

(O-H) and water adsorbed in the interlayer region [36]. The absorption band between 1630-1640 

cm-1 refers to the vibrational deformation of OH bonds in water [37]. The essential bands found for 

natural vermiculite within the 1300-500 cm-1 range are related to the stretching of Si-O-Si and Si-O 

vibrations. The crew of most incredible intensity, which is found between 995 and 1070 cm-1, 

represents the stretching of pulses of the Si-O and Al-O groups in the clay layers, and the weaker 

bands around 500-700 cm-1 are attributed to the deformation vibrations of the M-OH or M-O bond, 

where M can be Al, Mg or Fe [38]. 

3.2 Synthesis of NaY Zeolite 

Figure 10 and Figure 11 showed the XRD patterns of the prepared samples. 

 

Figure 10 Diffratogram of NaY_C zeolite. 
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Figure 11 Diffratogram of NaY_V zeolite. 

The NaY zeolite, derived from sodium silicate as illustrated in Figure 10, exhibited distinct peaks 

and defined boundaries. The zeolites acquired demonstrated high crystallinity and structural 

specifics within the 2θ range of 5 to 50°, aligning with the JCPDS 43-0168 standard form, consistent 

with existing literature [38]. 

Figure 11 depicts the X-ray diffractogram of NaY zeolite synthesized through a sustainable 

process utilizing vermiculite following acid and essential treatments. The predominant presence of 

the NaY phase is confirmed by characteristic peaks indicative of crystalline material, aligning with 

the JCPDS 43-0168 standard form. The X-ray diffraction analysis reveals that the sustainable route-

synthesized NaY zeolite displays distinct peaks within the 2θ range of 5 to 50°, confirming the NaY 

zeolite formation. However, notable sodium content from the primary treatment and sodium 

aluminate is observed, accompanied by an amorphous region spanning 25 to 35°. Additionally, a 

reduction in peak intensity diminishes its crystallinity to 72% compared to the conventional method. 

The observed peak patterns align with existing literature on NaY zeolite synthesis [39, 40]. 

Table 3 displays the fluorescence results for the zeolite samples obtained through conventional 

and sustainable routes. 

Table 3 Chemical composition of the zeolites NaY_C e NaY_V. 

Compounds Quantity (%) NaY_C Quantity (%) NaY_V 

SiO2 58.53 50.13 

Al2O3 34.85 33.51 

Fe2O3 - 0.09 

Na2O 6.40 15.81 

MgO - 0.37 

As indicated in Table 3, the chemical composition of the NaY zeolite obtained through both silica 

source routes primarily comprised silica (SiO2), alumina (Al2O3), and sodium oxide (Na2O). In the 

case of NaY_V zeolite, the sodium oxide content exceeded that of NaY_C, which is attributable to 

the primary treatment applied to the silica source (vermiculite). Additionally, minor amounts of iron 

and magnesium oxides, each below 1.00%, were detected, originating from impurities in the raw 
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materials. These impurities tend to remain insoluble during the crystallization phase, potentially 

leading to the precipitation of undesired species. Such rainfall can potentially interfere with the 

zeolite formation process [41]. 

Figures 12 and 13 show the FTIR spectra of NaY_C zeolite and NaY_V zeolite. 

 

Figure 12 FTIR spectra of NaY_C zeolite. 

 

Figure 13 FTIR spectra of NaY_V. 

The NaY zeolites obtained through both pathways exhibited characteristic bands corresponding 

to the aluminosilicate structure in the 1100-450 cm-1 spectral region, associated with the Si-O and 

Al-O groups. The primary TO4 units combine in various configurations to create distinct polyhedra 

and, consequently, diverse structures. Within the 1100-1000 cm-1 range, the band is attributed to 

internal asymmetric stretching vibrations of the T(Si-Al)-O bonds, while the band spanning 500 to 
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700 cm-1 is linked to the symmetric stretching of the external tetrahedra in the NaY zeolite T-O [42-

44]. The bar at 1600 cm-1 is associated with the angular deformation of the hydroxyl group and the 

bands in the 2400-2500 cm-1 range result from the symmetric and asymmetric stretching of C-H. 

Additionally, the crew at 3400 cm-1 corresponds to the OH hydroxyl groups originating from water 

molecules in the zeolite cavities [45]. 

Table 4 presents the data reported in the literature on the synthesis of aluminosilicate.  

Table 4 Summary of the data reported on aluminosilicate synthesis. 

Synthesis conditions/Method Silica source Formed phase Ref. 

110-150°C 6 h 
Sodium metasilicate  NaY [46] 

hydrothermal crystallization 

Synthesis of potassium-Cesium 

aluminosilicate 
Rice straw RS-(K, Cs) AlSi3O8) [47] 

90°C 7 h 
Sodium metasilicate  NaY This work 

hydrothermal crystallization 

90°C 7 h 
Vermiculite NaY This work 

hydrothermal crystallization 

The results presented in Table 4 highlight the influence of the silica source on the formed phase 

in the preparation of aluminosilicate. It is apparent that various synthesis factors, including the 

aluminum source, crystallization time, and temperature, also play a significant role in determining 

the resulting phase. Consequently, alternative reagents such as silica derived from vermiculite 

demonstrate suitability for producing materials characterized by a cost-effective composition. 

3.3 Post-Synthesis Modification (Ion Exchange Reaction) 

The diffractograms of zeolites modified with the surfactant cetyltrimethylammonium bromide 

by cation exchange are represented in Figure 14 and Figure 15. 

 

Figure 14 Diffratogram of zeolite NaY_C_CTABr. 
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Figure 15 Diffratogram of zeolite NaY_V_CTABr. 

As depicted in Figure 14 and Figure 15, the XRD patterns of the NaY zeolites exhibited no 

discernible changes following modification with the CTABr surfactant. In other words, the process 

of CTABr insertion did not impact the structure of the NaY zeolite, resulting in a consistent 

crystallinity of approximately 98% and 70%, respectively. This constancy in crystallinity is attributed 

to the unaltered Si/Al ratio [48]. The persistence of the intensity of the highest reflection peak in 

the (111) plane indicates that the surfactant was adsorbed within the internal region of the NaY 

zeolite [49]. 

Table 5 presents the outcomes of the chemical analyses conducted on zeolites subjected to 

modification with the surfactant cetyltrimethylammonium bromide (CTABr). 

Table 5 Chemical composition of the zeolites modified with CTABr.  

Compounds  Quantity (%) NaY_C_CTABr Quantity (%) NaY_V_CTABr 

SiO2 55.40 55.04 

Br 0.76 0.68 

Al2O3 26.45 26.56 

Fe2O3 0.05 0.05 

Na2O 17.34 17.58 

Table 5 reveals comparable values for aluminum oxides (Al2O3), sodium (Na2O), iron (Fe2O3), and 

bromine (Br) in both adsorbent materials, along with closely aligned Si/Al molar ratios. The elevated 

sodium content is attributed to the NaY zeolites being synthesized in a sodium medium. The authors 

[46] propose that zeolite modification can induce desilication and dealumination processes 

involving the removal of silicon and aluminum atoms from the zeolite's structural network. However, 

the improvement with the CTABr surfactant did not exhibit these processes, as evidenced by the 

absence of changes in the chemical composition of zeolites, irrespective of the silica source used.  

Figure 16 and Figure 17 depict the FTIR spectra of NaY zeolites following modification with the 

cetyltrimethylammonium bromide (CTABr) surfactant. 
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Figure 16 FTIR Spectra of the zeolite NaY_C_CTABr. 

 

Figure 17 FTIR Spectra of the zeolite NaY_V_CTABr. 

The FTIR spectra for CTAB-modified Zeolite NaY that have been compared with that of Zeolite 

NaY (Figure 12 and Figure 13) can be seen in Figure 16 and Figure 17. 

The FTIR spectra at a region of 3000 to 2400 cm-1 for CTAB-modified Zeolite NaY (conventional 

and sustainable) bands emerged from the symmetric and asymmetric stretching of C-H attributed 

to the surfactant, signifying the effectiveness of the modification process in the NaY zeolite [49]. 

This suggests the existence of CTABr molecules on the surface of zeolite. CTABr consists of a 

positively charged ammonium hydrophilic head and a long hydrocarbon tail. The positively charged 

head can bind to the harmful sites of zeolite frameworks, adorning the outer layer with long chains 

of hydrocarbon tails. Consequently, the two extra peaks identified in the FTIR spectra were 

attributed to the C-H bonding within the extended hydrocarbon tails. 
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The primary characteristic bands of the zeolite, associated with Si-O and Al-O vibrations, were 

retained in the 480 to 1000 cm-1 range. Additionally, the band corresponding to the hydroxyl group 

persisted in the 3400 cm-1 region, indicating the structural stability of zeolites post-modification [50]. 

4. Conclusions 

A distinctive crystalline structure typical of magnesite was confirmed after the characterization 

of vermiculite clay. The clay exhibited a lamellar shape with clearly defined layers, and the 

characteristic bands of vermiculite were identified. The primary mass loss observed in this clay 

mineral was attributed to water removal. 

Utilizing diverse characterization techniques, the attainment of NaY zeolite was confirmed via 

both the conventional and sustainable routes, with preserved structural properties. Employing the 

sustainable way for NaY zeolite synthesis proved to yield a material with a low production cost while 

maintaining properties comparable to those synthesized conventional. 

The structural integrity of NaY zeolites remained intact following the modification process 

involving the surfactant Cetyltrimethylammonium Bromide (CTABr). This underscores the zeolites' 

structural stability and affirms the efficacy of the modification process. 
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