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Abstract 

The nanocomposites Ag NPs-zeolite involve zeolite loaded with silver nanoparticles and have been 
prepared by an easy one-pot hydrothermal autoclave method. Three samples of silver-bearing zeolite 
were prepared for 8 hours, 6 hours, and 4 hours, respectively, inside an autoclave at 100°C. A range 
of characterization procedures were used to examine the samples, such as x-ray diffraction (XRD), field 
emission scanning electron microscopy (FESEM), UV-visible spectroscopy, and zeta potential. Results 
proved that the Ag NPs-zeolite composite shows good distribution of silver nanoparticles in zeolite, and 
silver nanoparticles are stable inside the pores of zeolite, resulting in the formation of a core-shell with 
a crystalline structure; a longer crystallization time results in a highly crystalline phase with a larger 
average particle size and higher absorption intensity; and all samples exhibit high levels of absorption 
in the region of UV absorption. The composite has low stability of the Ag-zeolite nanoparticles, and the 
composite contains silver aggregation on the surface of the zeolite. The 8-hour sample is the best for 
applications. It can be used in the preparation of the photoanode pole in photoelectrochemical cells 
after deposition on fluorine-doped tin oxide as a thin film for renewable energy, catalytic, 
electrochemical, and anti-bacterial systems. 
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INTRODUCTION 

The importance of nanoparticles (NPs) and their use in a variety of industries has prompted several 
studies. In comparison to their bulk metal states, nanoscale metals exhibit distinct features. Transition 
metals stand out among the numerous NPs because of their unique physicochemical features [1]. 

 

Silver nanoparticles (Ag NPs) are transition metals due to their low electronic band gap, which 

promotes high activity under both ultraviolet (UV) and visible light via the surface plasmon resonance 

process and chemical stability in a variety of situations. They have gained a lot of attention as 

photocatalysts [2]. In particular, the catalytic properties of small noble metals depend on size, shape, 

structure, and composition, as well as their interaction with a support material. However, due to their 

quick aggregation, NPs' remarkable catalytic capacity may be swiftly lost. Finding a matrix system that 

serves as a host matrix for relatively small NPs and 

is characterized by high catalytic activity, 

selectivity, and stability has been difficult for 

decades. Due to their unique porous structure that 

regulates molecule transportation, acidity that 

encourages the adsorption of specific molecules to 

benefit the desired reaction, and high surface area 

for widespread metal NP distribution, zeolites are 

frequently used as support matrices for catalytic 

applications and adsorbents. The morphology, 

structure, and size distribution of zeolite have a 

strong influence on their chemical and physical 

properties, as well as their uses and properties [3, 4]. 
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Zeolite, an alkali/alkaline-earth metal hydrated aluminosilicate mineral, has received a lot of attention 

lately as a readily accessible and affordable natural mineral. [A1O4]5– and [SiO4]4– units are joined by 
sharing an oxygen atom and their crystal structure. In cavities within the crystal structure of zeolite, 

Na+, K+, and Ca2+ cations are also typically present. The uniform presence of channels and pores in 
zeolite is a significant benefit. Due to its high surface-to-volume ratio, zeolite is considered to have a 

strong capacity for absorption. As a result, zeolite's surface absorption is greatly improved, and the 
bonding/anchoring of nano-sized particles to its surface is also improved [5]. because of their well-

defined pore and channel architectures. These materials are commonly utilized as ion exchangers, 
catalysts, and adsorbents in industry. Photocatalysis, electrochemistry applications, antibacterial agents, 

and oxidation processes have all been reported to be active with silver-based zeolites [6]. A diverse 
class of materials is called silver-zeolite composites. Their uses include pressure or chemical sensors, 

information storage, antimicrobial materials, catalysts, and more. Zeolites are used as molecular 

scaffolds in the manufacturing of luminous materials with transition metal oxide [7]. More recent 
research has focused on synthetic and natural zeolites as well as composites including metal(s) or metal 

oxide(s) nanoparticles (NPs) or a mixture of the two, expanding the application sectors. Among the 
metal and metal-oxide-containing composites described, silver and silver oxide NPs, including zeolite 

nanocomposites, are of special interest [8]. 
 

In general, there are many methods to load metals on boost materials, such as ion-exchange and 
hydrothermal methods [9], or by exchange cation [10, 11]. The zeolite structure can be filled with 

transition metal atoms through conventional impregnation, hydrothermal processes, photosynthesis, or 
cation exchange using a traditional ion-exchange approach. These can be developed more easily if a 

one-pot hydrothermal process is investigated. Recently, researchers' interest in the single-pot 
hydrothermal approach has increased [6]. The process of hydrothermal synthesis is used to create 

materials at low temperatures with high vapor pressure. This approach is thought to be the most energy-
efficient and environmentally benign because the reaction is carried out under closed-system settings. 

Typically, hydrothermal synthesis is performed in aqueous solutions using a Teflon-lined stainless steel 
autoclave [12]. 

 
In this paper, the effect of changing the crystallization time on the nano silver compound loaded on 

the nano-zeolite for three samples was studied by a hydrothermal autoclave method, and then the 

structure and morphology characterization were found. A comparison between the samples was done 
to choose which one is better in applications of catalyst. 

 
MATERIALS AND METHODS 

Materials 

Zeolite particle size of 50 nm. Specific surface area (SSA) 340 m2/g, silver nanoparticles Ag 20 nm, 

spherical, Hongwu International Group Ltd. – China, deionized water, PEG600 Mfg. (Alpha Chemika 
made in India), and absolute ethyl alcohol (Alpha Chemika, India), was used to prepare an Ag NPs-

zeolite composite. 
 

Preparation of Ag NPs-Zeolite Composite 

The Ag NPs-zeolite composite was synthesized by the hydrothermal method wherein silver 

nanoparticles (0.2 g) were dissolved in deionized water (5 mL) with (10 mL) of PEG600 at 25°C for 30 
minutes with stirring, and then 0.2 g of nano zeolite with absolute ethyl alcohol (20 mL) was added step 

by step to the mixture with stirring for 2 hours. 
 

Finally, the crystallization method was easy; the mixture was placed inside a hydrothermal autoclave, 

and then a thermal oven that was kept at 100°C for 8, 6, and 4 hours for three samples, respectively, as 
shown in Figure 1. 

 
The Ag NPs-zeolite composite was obtained after steps of filtration and drying at 100°C for 1 hour 

in the oven, with the pH kept near neutral during the step of the filtration process as shown in Figure 1. 
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Figure 1. Preparation of silver-loaded zeolite composite steps (a) Ag (NP)-zeolite for 2 hours in a stirrer 

(b), the mixture in a Teflon cup (c), autoclave in a 100°C thermal oven. 

 

Characterization 

The X-ray diffraction (XRD-6000) Shimadzu 220V/50 Hz (Japan) patterns of the samples were 

recorded using a diffractometer operating with a Cu-Kα radiation in the 2θ angle range 5° to 80° with 

a step of 0.05° and with 0.60 s of accumulation at each point. Field emission scanning electron 

microscope (FESEM) (FEI Japan) was used to determine the morphology and particle size of Ag (NP)-

zeolite. Fourier-transform infrared (FTIR) spectrum was recorded on a Shimadzu 8300/8700 in the 

region of 4000–400 cm–1. The Shimadzu UV-VIS-NIR 1800, 240V (Japan) spectrophotometer was 

obtained as previously described [13]. Using a UV-visible spectrometer, the spectra between 190 and 

1100 nm were captured. 

 

RESULTS AND DISCUSSION 

X-Ray Diffraction Studies 

XRD patterns of the Ag NPs-zeolite composite are shown in Figure 2. The purpose of the XRD 
investigation was to learn more about the crystalline nature of the nanocomposites synthesized. The 
good crystalline quality of the produced samples is confirmed by the sharp peaks [14]. The absorption 
peaks for zeolite appeared at 2θ = 13.1°, 22.4°, 23.1°, 26.5° and 27.1° All of the zeolites' diffraction 
patterns clearly correspond to those on the zeolite standard card (JCPDS39-0223). From Figure 2, it is 
evident that the zeolite is crystalline. Also it is observed that the Ag NPs-zeolite composite has notable 
peaks around 2θ = 38.6°, 44.7°, 64.9°, and 77.80, which correspond to the (111), (200), (220), and (311) 
crystal planes. These peaks' development shows that the crystalline phase of silver has developed within 
the zeolite framework, which, when matched with standard silver values (JCPDS 04–0783), can be 
indexed using the facets of silver's face-centered cubic crystal structure. These peak heights are 
consistent with earlier reports [15, 16]. Figure 2 shows that the crystallinity of the sample increases with 
aging time. The aging process allows for crystal size regulation. The production of impurity phases is 
reduced, and crystallization is accelerated according to Nazir et al. [17]. So the longer crystallization 
time of the composition of Ag NPs-zeolite produced a highly crystalline phase, as evidenced by the 
XRD peak intensity of the 8-hour sample, more desirable in comparison with samples at 6 and 4 hours. 
 
FESEM Analysis 

Figure 3 shows the FESEM images for zeolite and Ag NPs-zeolite composite. The morphology 
appears in Figure 3a for the surface of zeolite in the form of flakes, and their size ranges from 43 to 50 
nm. According to Das et al. [18], the morphology of the composite for three samples shows a good 
distribution of silver nanoparticles in zeolite. Silver nanoparticles are stable inside the pores of zeolite 
and this is called core-shell structure, as shown in Figure 3c. A 4-hour sample is shown in Figure 3b 
with particle size ranging between 88 and 183 nm, a 6-hour sample with particle size ranging between 
46 and 143 nm is shown in Figure 3c, and an 8-hour sample with particle size ranging between 56 and 
193 nm in is shown in Figure 3d. Figure 3e shows that the longer the crystallization time, the larger the 
average particle size. This means that the higher the crystallization time, Ag NPs-zeolite composite may 
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contain metallic particles,which begin to enlarge clearly after aging for 6 and 8 hours, which agrees 
with previous research [19]. The composite displayed a rough surface with a spherical structure for 

silver nanoparticles and showed many silver clusters. At 100C to 200°C, reduction results in the 
creation of silver clusters on the surface of zeolite. This agrees with previous research [20]. Also, some 
shiny places corresponding to the AgNPs appeared on the surface of the zeolite nanoparticle; therefore, 
the AgNPs were rather well distributed in the zeolite nanoparticles. It was supported by form (a) Ag-
Zeo from Mintcheva et al. [21]. 

 

 
Figure 2. X-ray diffraction (XRD) patterns Ag NPs-zeolite composite for three samples. 
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Figure 3. Field emission scanning electron microscopy (FESEM) images for zeolite and Ag NPs-zeolite 

composite for three samples: (a) zeolite, (b) a 4-hour sample, (c) a 6-hour sample, (d) an 8-hour sample, 

and (e) the average particle size for three samples. 

 

UV-Visible Spectral Study 

All samples exhibit a high level of absorption in the region of UV absorption. Figure 4a for zeolite 

shows the highest peak of absorption appears at the peaks 248 and 288 nm, Figure 4b for silver shows 

the highest peak at 284 nm. Ag species with more Ag atoms often produce UV-Vis bands at a longer 

wavelength, and the bands at 260 and 284 nm are attributed to Agn δ+ (n = 4–8) clusters. This is in 

agreement with earlier research [13, 22]. The reflectance spectra of the materials used Ag NPs-zeolite 

composite in the visible and ultraviolet range were recorded. Below 300 nm, non-exchanged zeolites 

were observed. The silver-loaded zeolites produced stronger signals in the UV range (200–300 nm). 

 

 

E 

(a) 
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(c) 
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Figure 4. UV-Visible spectrum for zeolite, silver NPs and Ag NPs-zeolite composite for three samples 

(a) zeolite, (b) silver (Ag NPs), (c) 4-hours sample, (d) 6-hour sample, (e) 8-hour sample. 

 

These signals have previously been linked to isolated silver ions that are present at particular locations 

within the zeolite framework. It also shows that the intercalation of silver ions into the zeolite structure 

has altered the zeolite's electron structure. which is well in line with other reports [19, 23]. Figure 4 

shows absorption peaks for Ag NPs-zeolite composite for three samples: 4-hour (c), 6-hour (d), and 8-

hour (e) respectively at 309 and 245 nm, 452 and 290 nm, and 505 and 296 nm, respectively. The 

process of prolonging the crystallization time increases the intensity of the absorption, as shown in the 

8-hour sample in Figure 4e indicating the growth of the amount of metal Ag particles according to 

Temerev et al. [19]; this is what was shown by the Figure 3e. This explains the shifting of wavelengths 

of the three samples from the UV region to the visible, depending on the particle size, which increases 

due to the increase in silver clusters with the increase in the crystallization time. 

 

Zeta Potential Analysis 

The surface charge of the Ag NPs-zeolite composite dissolved by the solvent solution after the 

crystallization process by hydrothermal autoclave to obtain the Ag NPs-zeolite core-shell was measured 

by zeta-potential. Zeta potential was typically used to gauge a surface's resistance to agglomeration. 

The stability of an Ag NPs-zeolite composite in colloidal form can be predicted using the zeta potential, 

with a value of greater than +30 mV or less than –30 mV suggesting the least amount of particle 

aggregation brought on by electrostatic attraction. Where the electrical stability of colloids increases 

when their zeta potentials, whether negative or positive, are enhanced, whereas aggregates and 

agglomerates are described by low zeta potential values, it was supported by earlier studies [24, 25]. 

The surface charge for zeta potential for the Ag NPs-zeolite composite is illustrated in Figure 5. It has 

low stability of the Ag-zeolite nanoparticles, mobility values, and zeta potential values for three samples 

observed in the Table 1. This explains the presence of silver nanoclusters on the surface of the zeolite 

in the above FESEM images. 

 

Table 1. The values of the zeta potential and the mobility of the Ag-zeolite) nanoparticle solution 

The nano particle solution Zeta potential (mV) The mobility (m2 V−1 s−1) 

Ag-zeolite  -25.01 -1.95 

(e) 
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Figure 5. (a) The Ag-zeolite nanoparticle solution's zeta potential (mV); (b) the Ag-zeolite nanoparticle 

solution's mobility (m2 V–1 s–1). 

 

CONCLUSIONS 

In this paper, a hydrothermal method at 100°C was used to synthesize an Ag NPs-zeolite composite, 

which is an effective method in the manufacture and loading of noble elements. Silver nanoparticles 
were successfully loaded into the pores and on the surface of the zeolite. The characterization tests 

conducted on the samples were XRD, FESEM, UV-Visible, and Zeta potential. The results of the 
examinations indicated that the sample after 8 hours is more crystallized and has a higher intensity of 

absorption, but with the increase in the crystallization time, the particle size average increases gradually, 
so it can be used in different applications such as catalysts, antimicrobial materials, and others [6]. 
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