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Abstract: Two samples of (Ag NPs-zeolite) nanocomposite thin films have been prepared by easy hydrothermal
method for 4 hours and 8 hours inside the hydrothermal autoclave at temperatures of 100°C. The two samples were
used in a photoelectrochemical cell as a photocatalyst inside a cell consisting of three electrodes: the working electrode
photoanode (AgNPs-zeolite), platinum as a cathode electrode, and Ag/AgCl as a reference electrode, to study the
performance of AgNPs-zeolite under dark current and 473 nm laser light for water splitting. The results show the high
performance of an eight-hour sample with high crystallinity compared with a four-hour sample as a reliable
photocatalyst to generate hydrogen for renewable energies.
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1. Introduction

Water splitting via photoelectrochemical cell (PEC) technology offers a sophisticated method and useful
strategy for dealing with the issues of energy and environmental crises by converting light energy to produce
hydrogen fuel by splitting water reactions, which divide water into O, and H, (2H.O—2H>+05). In the PEC
process, the water-splitting reaction needs photon energy to be catalyzed by a photocatalyst. To resist the
positive free energy result from PEC water splitting. Where it needs stable electrodes, effective
photoelectrodes, and scalable PEC cells with cost-effective operation for large-scale hydrogen production
[1,2], as shown in Fig.1.

Noble metal nanoparticles were used in PEC cells, where metallic nanoparticles (NP) are attracting the
interest of chemists due to their novel properties, which include a high surface area and exceptional surface
activity that provide excellent catalytic, optical, and electrical properties. where specifically found in noble
metals such as gold and silver or the subnanometric particles contained in zeolites. Zeolite, an alkali or
alkaline-earth metal hydrated aluminosilicate mineral, has received a lot of attention lately as a readily
accessible and affordable natural mineral [4], which is a significant class of functional materials. Porous
zeolites are anticipated to attain high H, evolution efficiency due to their distinctive and large surface area.
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The family of zeolites is well-known as a class of crystalline porous materials with high catalytic activity,
well-confined periodic porous structure, acid resistance, and ion exchange capability [5].
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Fig.1: A diagram explaining a PEC cell with a standard three-electrode arrangement [3].

The progress made shows that the improved adsorption performance as well as the high separation and
transfer efficiency of photogenerated charge carriers are crucial for the photocatalytic enhancement of
zeolite-based composites. Because of their well-defined pore and channel architectures, these materials are
commonly utilized as ion exchangers, catalysts, and adsorbents in industry [6]. 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 [7].
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Fig.2: Image of stainless-steel autoclaves with Teflon lining and internal parts (upper). The reaction chamber, which
is made of stainless steel, contains the Teflon chamber. The stainless-steel chamber in the lower image is lined with
Teflon and is commercially available [9].
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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 in closed-system settings. Typically, hydrothermal synthesis is performed in aqueous solutions
using a Teflon-lined stainless-steel autoclave, as shown in Fig.2 [8]. Employing laser light as an excitation
source to research photocatalyst activity has an extremely high degree of feasibility. A diode laser (473 nm)
has the specific characteristics of a special laser light source, including high intensity and
monochromaticity.

In this paper, AgNPs-Zeolite composites were synthesized by the hydrothermal method using an
autoclave with different crystallization times (4 and 8 hours), and then the structure and morphology
characterization were investigated. Also, a comparison between the samples as the best-performing catalyst
in photocatalytic water splitting.

2. Materials and Methods

Ag NPs-zeolite has been synthesized by the hydrothermal method, where silver nanoparticles (0.2 g, 20 nm
particle size, spherical) from Hongwu International Group Ltd., China, were dissolved in 5 mL of deionized
water and 10 mL of polyethylene glycol 600 (PEG 600) from the manufacturer, Alpha Chemika, made in
India, at (250C) for 30 min with stirring, and nanozeolite particles of size 50 SSA: 340 m2/gr were added
(0.2 g) also with 20 mL from an absolute ethyl alcohol manufacturer. Alpha Chemika, made in India, was
added to the mixture gradually 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 0C for 4
and 8 hours for two samples, respectively, as shown in Figure 3. The Ag-NPs-Zeolite composite was
obtained after steps of filtration and drying at 100 OC for 1 hour in the oven, with the pH kept near neutral
during the step of the filtration process. Then it is deposited by the distillation method on a fluorine-doped
tin oxide (FTO) substrate and used as an electrode in the applications of PEC for water splitting.
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Fig.3: Ag NPs-Zeolite composite preparation steps.
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3. Characterization

The X-ray diffraction (XRD-6000) SHIMADZU 220V/50Hz (Japan) patterns of the samples were recorded
using a diffractometer operating with a Cu -Ko radiation in the 26 angle range 50-800 with a step of 0.05°
and with 0.60 s of accumulation at each point. A field emission scanning electron microscope (FESEM)
(FEI Japan) was used to determine the morphology and particle size of Ag (Np)-zeolite. The SHIMADZU
UV-VIS-NIR 1800 240V (Japan) spectrophotometer was obtained using a UV-vis spectrometer, the spectra
between 190 and 1100 nm were captured and the Zeta potential analysis was performed (Zeta plus
Brookhaven, 90 Bundle Instruments Corporation, USA).

4. Results and Discussion
4.1 X-Ray Diffraction Analysis

Figure 4 depicts the XRD patterns of the Ag-NPs-Zeolite composite. The purpose of the XRD investigation
was to learn more about the crystalline nature of the synthesized nanocomposites. The good crystalline
quality of the produced samples is confirmed by the sharp peaks [10]. The absorption peaks for zeolite
appeared at 20 = 22.40, 23.10, 26.50, and 27.10. All of the Zeolites' diffraction patterns clearly correspond
to those on the Zeolite standard card (JCPDS 39-0223) [6]. From Fig.4, it is shown that the zeolite is
crystalline. Also, it is observed that the Ag NPs-zeolite composite has notable peaks around 26 = 38.60,
44.70, 64.90, and 77.80, which correspond to the silver nanoparticles. (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) [11], can be indexed using
the facets of silver's face-centered cubic crystal structure with the lattice constants (a = b = ¢ 4.082975 A°).
These peak heights are consistent with the values in the standard card, like in the earlier reports [12,13].
Also, Fig. 4 shows that the crystallinity of the sample increases with aging time. The aging process allows
for crystal size regulation. According to [14], the production of impurity phases is reduced and
crystallization is accelerated. 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 sample 8 hours, which was
more desirable in comparison with sample 4 hours.
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Fig. 4: XRD patterns of (Ag NPs-Zeolite) composite for two samples.
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4.2 FESEM Analysis

AgNPs-zeolite electrodes were tested using field emission scanning electron microscopy. FESEM can
specify the shape and particle size of samples. Figure 5(a) shows FESEM images for zeolite nanoparticles.
From FESEM analysis, the morphology of the Zeolite surface appears as flakes, and their size ranges from
(43-50) nm. The morphology of the composite for two samples shows a good distribution of silver
nanoparticles in zeolite; this result agrees with the study in [15]. Also, silver nanoparticles are stable inside
the pores of zeolite, and some of the AgNPs form clusters on the surface of the zeolite as shown in Fig. 5(b)
for the sample after 4 hours with particle sizes ranging between (88-183) nm. Figure 5(c) illustrates an
AgNPs-Zeolite nanocomposite for an 8-hour sample, with particle sizes ranging between (56-193) nm.
Also, Fig.5(d) represents that the longer the crystallization time, the larger the average particle size; this
means that the higher the crystallization time for (Ag NPs-Zeolite) composite, the more metallic particles
will be made up, which means convert nanoparticles to bulk material, which begin to enlarge clearly after
aging time for 4 hours and 8 hours, which agrees with research [16].

The composite in the previous figures displayed a rough surface with a spherical structure for silver
nanoparticles and showed many silver clusters. At 100-200 °C in a hydrothermal autoclave, reduction
results in the creation of silver clusters on the surface of zeolite; this agrees with [17]. Also, some shiny
spots corresponding to the AgNPs appeared on the surface of the Zeolite nanoparticle; therefore, the AgNPs
were rather well distributed in the Zeolite nanoparticles. This agrees with [18].
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Fig.5: FESEM images for Zeolite and (Ag NPs-Zeolite) composite for two samples: (a) Zeolite, (b) a four-
hour sample, (c) an eight-hour sample, and (d) the average particle size for two samples.
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4.3 UV-Visible Spectral Study

Two samples exhibit a high level of absorption in the region of UV absorption. Figure 6(a) shows the highest
peak of zeolite absorption at the peaks of (248,288) nm, while Fig.6 (b) shows the highest peak at (284) nm
for silver. 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 Ag n 6+ (n =4-8) clusters. This is in agreement with the research
[19,20]. The reflectance spectra of the materials used (Ag NPs-Zeolite) in the visible and ultraviolet ranges
were recorded below 300 nm; also, non-exchanged zeolites were observed. The silver-loaded zeolites
produced stronger signals in the UV range (200-300 nm).

Figure 6 depicts the absorption peaks for (Ag NPs-Zeolite) composite for two samples: 4 hours (c) and
8 hours, (d) at (291,309) and (291,296) nm, respectively. 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 slightly altered the zeolite's electron structure,
which is well in line with other reports [16,21]. The process of prolonging the crystallization time increases
the intensity of the absorption, as shown in the 8-hour sample in Fig.6 (d), indicating the growth of the
amount of metal Ag particles according to [16].
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Fig.6: UV-visible spectrum for Zeolite, Silver NPs, and (Ag NPs-Zeolite) composites for two samples (a)
Zeolite; (b) Silver (Ag NPs); (c) a 4-hour sample; (d) an 8-hour sample.
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4.4 Zeta Potential Analysis

The zeta potential is the total charge that a particle picks up in a specific medium. The surface charge of the
(AgNPs-Zeolite) composite dissolved by the solvent solution after the crystallization process by
hydrothermal autoclave to obtain the measurement of (AgNPs-Zeolite) by zeta-potential. Zeta potential was
typically used to gauge a surface's resistance to agglomeration. The stability of an (AgNPs-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,
which is supported by [22, 23]. The surface charge for Zeta potential for the (Ag NPs-Zeolite) composite is
illustrated in Fig.7. It has low stability of the (Ag-Zeolite) nanoparticles, mobility values, and zeta potential
values for the two samples observed in 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 Nanoparticle solution Zeta potential (mV) The mobility (m? V™' s™)
Ag-Zeolite -25.01 -1.95
104 | 1.04
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Fig.7: (a) the (Ag-Zeolite) nanoparticle solution's zeta potential (mv); (b) the (Ag-Zeolite) nanoparticle solution's
mobility (m? V1s1).

5. Characterization of ANPs-Zeolite Photocatalyst Performance in a
Photoelectrochemical Cell at Dark Current Density and 473nm Laser Illumination

A photoelectrochemical cell containing three electrodes with an electrochemical workstation from (ER466,
EDAQ company Australia, potential stat) was used to study the behavior of Ag NPs-Zeolite Photocatalyst.
Firstly, at dark current density, and secondly, at 473 nm laser illumination, as shown in Fig.8.
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Table 2: The J values at dark current and 473 nm laser illumination for each sample at 1 volt.

J jaser (473nm) mA cm2 at

NO. The samples J mAcm=2 at Dark current
(200 mW cm)
1 AgNPs-Zeolite at 4 hours 0.0427 0.05061
2 AgNPs-Zeolite at 8 hours 0.0731 0.08511

a Reference
electrode Ag /AgCl

Counter clectrode Pt

Working

clectrode
(photocatalysis)
Ag NPs-Zeolite

- :

potentiostat

Photoelectrochemical cell
at Dark current density

e

AgNPs-zeolite electrode

Fig.8: (a) AgNPs-Zeolite Photocatalyst at Dark Current Density (b) Three Electrodes for Photoelectrochemical Cell.

The electrodes of a photocatalyst of (AgNPs-zeolite) nanocomposite were fabricated and employed as a
photoanode to study the effectiveness of photoelectrochemical (PEC) water-splitting for AgNPs-zeolite
under dark and laser light irradiation. The PEC water splitting performance of the AgNPs-zeolite
nanocomposite was measured using linear sweep voltammetry (LSV) techniques to estimate the current
density for PEC. Table 2 and Fig.9 of two samples show the electrode’s current density increased gradually
from (0.0427 to 0.05061) for a 4-hour sample and from (0.0731 to 0.08511) for an 8-hour sample upon
exposure to 473 nm laser light, compared with dark current at a given voltage (0-1) V versus Ag/AgCl for
60 s of a cycle. The photo-responsive property of the synthesized catalyst is demonstrated by the
enhancement in the current density of (AgNPs-zeolite) nanocomposite photoanode after exposure to laser
light. 1-V parameters of the (AgNPs-zeolite) photoanode for PEC water-splitting results show that under

University of Baghdad Publishing, Institute of Laser for Postgraduate Studies
Journal homepage: https://ijl.uobaghdad.edu.iq/index.php/IJL



https://ijl.uobaghdad.edu.iq/index.php/IJL

IJL, Issue 2, Vol. 22, 2023

laser light illumination as compared to dark current showed a six-fold enhancement in the photocurrent
density and therefore enhanced PEC performance this agrees with researchers [24].
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Fig.9: (a) and (b) show the linear sweep voltammetry response of (AgNPs-zeolite) hanocomposite photoanodes of
two samples under dark and 473 nm laser light irradiation, respectively; (c) the AgNPs-zeolite photo anodes test for
two samples under 473 nm laser light.

6. Conclusions

The results show that the (AgNPs-zeolite photocatalyst is active in improving the performance of the
photoelectrochemical cell for water splitting, and the speed of response for the catalyst is good. Also, the
longer crystallization time of the AgNPs-zeolite nanocomposite during the manufacturing phase inside the
hydrothermal autoclave made the performance of an eight-hour sample with high crystallinity better than a
four-hour sample as a reliable photocatalyst to generate hydrogen for renewable energies.
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