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Abstract: Cleaning contaminated water under light with a novel type of heterogeneous photocatalysts is
regarded as a critical method for wastewater resolution. Thus, a unique mesoporous Ru-ZnO@g-C3N4

nanocomposite with an increased surface area was synthesized through the ultrasonic technique in
the presence of methanol. The X-ray diffraction pattern efficiently validated the crystal structure of
the Ru-ZnO hybrid and allowed it to be integrated into the g-C3N4 structure. TEM imaging revealed
the Ru-ZnO nanocomposite as spherical particles spread uniformly throughout the g-C3N4 nanosheet.
X-ray photoelectron spectroscopy (XPS) was applied to determine the bonding properties of the samples.
Under visible illumination, the synthesized nanocomposites of Ru-ZnO@g-C3N4 were evaluated as a
new effective photocatalyst for degrading organic pigments in aquatic conditions.

Keywords: Ru-ZnO@g-C3N4; nanocomposite; ultrasonic power; RB dye destruction

1. Introduction

Much research interest and attempts have recently been directed into metal-free
visible-light active photocatalysts for organic pollutant degradation, owing to the
growing need for environmental stewardship [1]. Numerous photocatalysts, includ-
ing ZnO [2], TiO2 [3], SnO2 [4], Co2O4 [5], MoS2 [6], Cu-doped ZnO [7], Ru-doped
ZnO [8] and g-C3N4, have been explored. Amongst these, g-C3N4 has emerged as a
promising candidate for the photocatalytic degradation of dyes due to its well-suited
band gap of around 2.7 eV, enabling enhanced charge-carrier excitation via effective
solar absorption. Graphitic carbon nitride (g-C3N4) has attracted considerable atten-
tion due to its excellent chemical stability, attractive electronic band gap, and optical
properties as a metal-free, visible-light-driven semiconductor photocatalyst for solar
energy conversion and environmental remediation [9–11]. Conversely, bulk g-C3N4 has
a limited surface area and a high rate of photogenerated electrons and hole recombi-
nation, leading to low photocatalytic activity [12–14]. Extensive initiatives have been
devoted to improving the photocatalytic properties of g-C3N4, comprising doping with
heteroatoms, combining with other semiconductors, and manipulating the morphol-
ogy [15–17]. Nonetheless, the facile production of extremely effective g-C3N4 continues
to be a substantial obstacle [18,19].

Through its stable chemical composition and ineffective biodegradation, methylene
blue (MB) has a relatively poor degradation efficiency under natural settings, which might
be detrimental to the microflora balance in the environment and in people [20,21]. The
leftover MB causes lifelong eye damage, nausea, vomiting, headache, stomach cramps,
vertigo, and stomach upset [22,23]. As a result, there is a growing need to develop new
solutions for its removal from water/soil resources [24–26]. Photocatalysis, a simple pro-
cess and environmentally friendly technique, may decompose organic contaminants in
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wastewater into water, carbon dioxide, or other tiny molecules, and decrease or oxidize
inorganic pollutants into innocuous compounds [27,28]. Due to the instability of deacti-
vated photocatalysts, the catalyst is susceptible to self-etching in photocatalysis. It has
been extensively studied for the development of heterojunction structures, doping, defect
synthesis to enhance photocatalytic performance, and the restoration of effective catalytic
activities by oxidative reduction in deactivated photocatalysts for reprocessing.

The present study establishes a strategy for fabricating ternary Ru-ZnO@g-C3N4 het-
erostructure hybrids. In the presence of methanol, a simple in situ ultrasonic method is
used to attach the Ru-ZnO photocomposite to g-C3N4 nanosheets. Fabricated Ru-ZnO pho-
tocomposite was utilized between the g-C3N4 layers in this construction, providing a new
photocatalyst that enables rapid electron and hole transport. Notably, the heterostructures
as proposed create a porous surface that may reduce photogenerated electron and hole
recombination and act as adsorbents for dye pollutant molecules on the hybrid surface.
The hybrids displayed superior photocatalytic efficiency when exposed to ultraviolet light,
with incredible cyclin stability.

2. Materials and Methods
2.1. Chemicals and Materials

Zinc nitrate hexahydrate (Zn (NO3)2, 6H2,O; ≥99.0%), ruthenium(III) chloride (RuCl3;
≥98.0%), carbonyl diamide (CH4N2O, ≥99.0%), methylene blue (MB, ≥82%), sodium
hydroxide (NaOH, ≥99%), sodium chloride (NaCl, ≥99%), and hydrochloric acid (HCl,
37%), purchased from Merck Company, were used without further purification.

2.2. Fabrication

We followed a well-established process to synthesize the pure g-C3N4 described in our
previous article [16]. Carbonyl diamide (4.5 g) was placed in a crucible with an aluminum
foil lid and then calcined for 120 min at 450 ◦C at a rate of 10 ◦C/min in ambient pressure air
in a muffle furnace. The yellow powders were received after a period of steady cooling. To
fabricate Ru-ZnO nanostructures, 0.03 moles of Zn(NO3).2H2O solution and 0.64 g of RuCl3
were warmed and agitated at 250 ◦C for 4 h with 100 mL of pectinase sugar saturation solution
in a 1000 mL beaker. Following this, a brown-white foam was obtained and permitted to cool
for 24 h at room temperature. Ru–ZnO nonmaterial was received by drying the brown-white
powder and calcining it at 120 ◦C for 120 min. Ru-ZnO@g-C3N4 nanoparticles were produced
utilizing a straightforward stage ultra-sonication method. A total of 920 mg of g-C3N4 was
weighed and sonicated for 15 min in 150 mL of methanol. A total of 400 mg of Ru-ZnO
nanoparticles were added to the methanolic mixture, followed by 15 min of sonication. The
recovered yellowish suspension was sonicated for a further 45 min and drained at 85 ◦C for
a day. Finally, the resulting nanomaterials were annealed at 180 ◦C.

2.3. Nanomaterials Characterization

Using a Bruker D8 Advance X-ray diffractometer (Bruker AXS, Karlsruhe, Germany)
with Cu-Ka1 radiation (λ = 0.15406 nm) and a scan rate of 0.02/per second, the crystal
structure of the samples was examined. The accelerating voltage was 40 kV, while 20 mA
was the extracting current. An S-3400 N (Japan) field emission scanning electron microscope
was employed, and scanning electron microscopy (SEM) pictures were received. A Nicolet
5700 FT-IR spectrophotometer was used to record the as-prepared samples’ 400–4000 cm−1

FT-IR spectra. Al Ka (1486.68 eV) X-ray sources were utilized for X-ray photoelectron
spectroscopy (XPS) to determine the bonding properties of the samples (VG ESCALAB
220i-XL, West Sussex, UK). The TEM images were taken using a Tecnai G20 transmission
electron microscope and a 200 kV accelerating voltage (Hillsboro, OR, USA). The BET
surface area and pore size distribution of generated samples were evaluated by adsorbing
N2 at 77 K using ASAP 2020HD 88 instruments. The absorbance was determined using a
UV–Vis spectrophotometer in diffuse reflection mode with BaSO4 as the standard (UV-2550,
Hamamatsu, Shizuoka, Japan).
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2.4. Batch Experiments

All of the experiment series were applied to attain the optimal conditions of the degra-
dation process of the methylene blue (MB) dye based on RuZnO@g-C3N4 nanomaterial
nanocatalysts. The degradation of the MB dye was investigated under 360 nm UV radia-
tion. The effect of significant factors, including the initial concentration of MB, photocatalyst
dose, and pH of the studied medium, was investigated accordingly. This work conducted
all experiments under optimal conditions using 100 mL MB solution of 30 ppm in a 100 mL
volumetric flask. The pH experiments were performed after adjusting the pH of the solutions
using 0.1M HCl and 0.1M NaOH. The investigated colloidal solutions of the mixed MB dye
and RuZnO@g-C3N4 nanomaterials were prepared using a magnetic stirrer under 4400 rpm for
10 min. The absorbance spectra of the MB dye solutions were recorded utilizing an Evolution
200 series Thermo Fisher UV-Vis spectrophotometer.

3. Result and Discussion
3.1. Ru-ZnO@g-C3N4 Nanoparticles Characterization

The structural phase of the fabricated pure g-C3N4, Ru-ZnO, and Ru-ZnO@g-C3N4
photocatalysts was determined using X-ray diffraction (XRD) techniques, as illustrated in
Figure 1. The two peaks of g-C3N4 at 12.64 ◦C and 27.22 ◦C indicated that planes (100)
and (002) corresponded to the distance between the interlayer architectural package and
the separation of connected aromatic systems correspondingly. The peaks of the Ru-ZnO
nanocomposite observed at 2 = 31.55, 34.37, 36.17, 47.40, 56.53, 62.72, 66.30, 68.8, and 69.03◦

could be attributed to the (100), (002), (101), (102), (110), (103), (200), (112), and (201) planes of the
wurtzite hexagonal ZnO configuration, according to JCPDS card no. 36-1451 [29]. Additionally,
new peaks corresponding to 2 = 27.9, 34.92, and 54.35◦ were discovered, outlining the RuO2
rutile phase’s (110), (101), and (211) planes in accord with JCPDS card no. 88-0322 [30].

Figure 1. XRD pattern of g-C3N4, Ru-ZnO, and Ru-ZnO@g-C3N4.

The XRD pattern reveals unequivocally that the composite consists of g-C3N4 and
Ru-ZnO diffraction peaks. A thorough inspection of the composite XRD peaks reveals a
slight peak shift toward the higher angle side in the (002) plane of g-C3N4 but no peak shift
in Ru-ZnO. This study indicated that Ru-ZnO nanoparticles were deposited on g-C3N4 in
the nanocomposite, thereby decreasing the d-space of conjugated aromatic systems and
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the crystal size. The stability of the synthesized catalyst after the degradation process was
examined by XRD and there is no change between the XRD pattern before and after the
degradation processes.

The morphology and the elemental distribution of pure g-C3N4, Ru-ZnO, and Ru-
ZnO@g-C3N4 photocatalysts were further revealed by field emission scanning electron
microscopy (FE-SEM) coupled with energy dispersive X-ray spectroscopy (EDX). As shown
in Figure 2a, the pure g-C3N4 FESEM image exhibits surface-sheet layers. The FESEM
image of Ru-ZnO (Figure 2c) indicated that the morphology is a spherical shape with
various particle sizes. Figure 2e suggests that the Ru-ZnO is uniformly distributed over the
nanosheet structure of g-C3N4, as shown in the FE-SEM image of Ru-ZnO@g-C3N4. The
EDX spectrum of the obtained photocatalysts (Figure 2f) demonstrates typical characteristic
peaks of Ru, Zn, O, C, and N, confirming the prepared photocatalysts’ purity.

Figure 2. SEM images and EDX for the elemental composition of g-C3N4 (a,b), Ru-ZnO (c,d), and
Ru-ZnO@g-C3N4 (e,f).

FTIR spectra of pure g-C3N4, Ru-ZnO, and Ru-ZnO@g-C3N4 photocatalysts are shown
in Figure 3. For the FTIR spectra of g-C3N4 and Ru-ZnO@g-C3N4, the typical band at
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892 cm−1 is assigned to the triazine ring mode of heptazine. The multiple bands at 1256,
1329, and 1426 cm−1 represent the aromatic C–N stretching vibration, although the bands at
1579 and 1638 cm−1 correspond to C≡N stretching [31]. Moreover, the absorption band in
the range of 3000–3400 cm−1 is ascribed to the stretching mode of the terminal amino group.
Additionally, the band at 433 cm−1 in the FTIR spectra of Ru-ZnO and Ru-ZnO@g-C3N4
corresponds to RuO2–ZnO bond-stretching [32].

Figure 3. FTIR spectra of g-C3N4, Ru-ZnO, and Ru-ZnO@g-C3N4.

Figure 4a,c depict the nitrogen adsorption-desorption isotherms of pure g-C3N4 and Ru-
ZnO@g-C3N4 nanocomposites. Due to the weak hysteresis loop creation, the Ru-ZnO@g-C3N4
nanostructures exhibit type IV isotherms, indicating the presence of mesoporosity during
sample formation. Pure g-C3N4 exhibits type IV behavior, which is explained by its developing
a weak hysteresis loop [33,34]. Ru-ZnO@g-C3N4 nanostructures have a high specific surface
area of 257 m2/g and a pore volume of 0.499 cc/g, which is more than the specific surface
area of pure g-C3N4 (154 m2/g and a pore volume of 0.922 cc/g). It has been demonstrated
that the large specific surface area of Ru-ZnO@g-C3N4 nanocomposite materials enhances the
photocatalytic activity for MB dye degradation; however, the surface area contributes to the
nanocomposite’s activity. In composite fabrication, the charge separation between the two
semiconductors is also decisive.

The pore dispersion diagrams (Figure 4b,d) indicate pores with dimensions of 15 to 50
that are thin and homogeneous. The cumulative pore capacity of BJH adsorption increased
from 0.37 to 0.47 cm3.g−1 following Ru-ZnO@g-C3N4 (0.87 cm3.g−1) hybridization. D-g-
C3N4@Ag [35], WO3@g-C3N4 [36], V2O5@g-C3N4 [37], and TiO2@g-C3N4 [38] are examples
of the pure g-C3N4 connected Ru-ZnO composite with an increased surface area. Finally, by
providing a larger number of reactive sites for the photocatalytic process, the Ru-ZnO@g-C3N4
nanocomposite has an improved specific surface area. It is beneficial for MB dye’s enhanced
adsorption, enhancing its photocatalytic activity.
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Figure 4. N2 adsorption-desorption isotherms (a,c) pore radius distribution (b,d) of pure g-C3N4 and
Ru-ZnO@g-C3N4 photocatalysts.

Figure 5a illustrates the UV–Vis spectra of g-C3N4, Ru-ZnO, and Ru-ZnO@g-C3N4
samples, whose absorption edges are approximately 454, 402, and 443 nm, respectively. The
composite model demonstrated more photon absorption than g-C3N4 due to the composites’
anticipated high crystallinity resulting from their manufacture by calcination [39]. According
to the Tauc relation [40], the computed band gap energies for g-C3N4, Ru-ZnO, and Ru-
ZnO@g-C3N4 composites are 2.77, 3.20, and 2.83 eV, respectively, as shown in Figure 5b.
Confirming the XRD results, the band gap of the Ru-ZnO is the typical standard value for
Ru-ZnO. The divergence of the g-C3N4 band gap from 2.77 eV may be attributed to the
creation of the g-C3N4 nanosheet, whose value is typically more significant than the bulk
value of 3.20 eV reported earlier [41]. Niu et al. [42] created g-C3N4 nanomaterials with a
broader band gap; they attributed this to the quantum confinement effect, which stimulates a
displacement of the conduction or valence band edge of g-C3N4 [43].

Figure 5. UV-Vis spectra (a) and bandgaps (b) of g-C3N4, Ru-ZnO, and Ru-ZnO @g-C3N4 nanocomposite.

By combining Ru-ZnO with g-C3N4, the band gap of the Ru-ZnO composite has been
significantly reduced. Similar studies of heterojunctions generated by coupling g-C3N4 to
semiconductors with a large bandgap to form SrTiO3@g-C3N4 [44], MgO@g-C3N4 [45], and



Water 2023, 15, 481 7 of 15

ZnWO4@g-C3N4 [46] with decreased band gap values have been reported. This tight interfacial
interaction suggests the successful formation of heterojunctions between semiconductors.
Similarly, based on the previous results, it can be concluded that Ru-ZnO has been successfully
introduced into g-C3N4 to significantly enhance the visible light absorption capacity by photo-
generated charge-carrier separation, therefore enhancing its photocatalytic properties.

The XPS technique was used to analyze the chemical oxidation states of Ru, Zn, C,
N, and O in the Ru-ZnO@g-C3N4 photocomposite (Figure 6a). According to the 3D Ru
spectrum (Figure 6b), the peak at 285.2 eV was assigned to Ru 3d5/2 [47]. The XPS spectra
of Zn 2p core levels are shown in Figure 6c, revealing two symmetric peaks at 1047.4 and
1019.0 eV [48]. Figure 6d depicts the N1s spectra, revealing a peak at 396.4 eV, assigned
to sp2-hybridized nitrogen (C-N–C) [49]. The peaks in the C 1s spectrum (Figure 6e) at
284.4 eV and 285.8 eV relate to the N-C-N coordination [49]. The XPS spectra of the O 1s
core levels (Figure 6f) exhibited three peaks at 530.1, 528.3, and 526.6 eV, corresponding to
lattice oxygen in ZnO, RuO3 (Ru6+), and RuO2 (Ru4+), respectively [50].

Figure 6. XPS analysis of Ru-ZnO@g-C3N4 photocomposite (a) full survey and individual spectra of
(b) Ru 3d, (c) Zn 2p, (d) N1s, (e) C1s, and (f) O1s.

3.2. Absorption Spectra Measurements

The optical features of methylene blue are exhibited in Figure 7. The absorbance
spectrum of the dye shows two prominent peaks located at 658 and 289 nm individually.
When introducing Ru-ZnO@g-C3N4 to the dye medium, a significant quenching of the
maximum absorbance peak at 664 nm is presented when exposed to UV radiation under
360 nm wavelength. The dramatic absorbance of the studied degraded dye MB based on
Ru-ZnO@g-C3N4 nanomaterials could be referred to as their high photocatalytic activity.
Additionally, the inset plot in Figure 7 presents the relation between the radiometric
absorbance of the degraded dye against reaction time under UV radiation. This finding
confirms that the photocatalytic degradation of MB dye is proficiently produced for 60 min
only in the existence of Ru-ZnO@g-C3N4 nanomaterials. Additionally, the photocatalytic
degradation of the MB dye was investigated utilizing Ru-ZnO@g-C3N4 in darkness, in the
absence of UV radiation. Besides this, the measurement of MB absorbance spectra was
conducted, and the results exhibit no significant alteration in the absorbance values of
the dye at prominent peaks of 658 and 289 nm, respectively. MB indicates extreme photo-
stability in darkness [51], and the process of the dye degradation does not corroborate
professionally, as shown in Figure 7.
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Figure 7. Absorbance spectra of methylene blue in the presence of RuZnO@g-C3N4 photocata-
lyst nanoparticles.

The resulting data displayed that the adoption process, including the MB adsorption
to the active site surface of the Ru-ZnO@g-C3N4 nanomaterials, is ultimately achieved after
five min using a steady shaking rate in the dark, and the degradation process is considerably
stopped. Therefore, the reaction mixtures were shaken under a regular stirring rate for
5 min to attain the adsorption equilibrium in all subsequent experimental series. The
degradation of MB under UV brilliance is exhibited in Figure 8a, where the C0/Ct ratio
has been quenched with irradiation time; C0 represents the initial concentration and Ct
represents the degraded concentration. The degradation efficiencies were recorded as 41.5,
30.1, and 92.2% for g-C3N4, Ru-ZnO, and Ru-ZnO@g-C3N4, respectively. These results
exhibit tremendous activity in RuZnO@g-C3N4 nanomaterials during a 60 min time interval
(Figure 8a). The kinetics of the degradation were found to follow pseudo-first-order kinetics
(Figure 8b) as implied by the linear relationship between ln(C0/Ct) and radiation time,
as confirmed via the high regression (R2 ≈ 1). The high rate constant (k) and extremely
short half-life (t1/2) values in Table 1 indicate that the Ru-ZnO@g-C3N4 composite has
enhanced photocatalytic activity. This was ascribed to dye sensitization, in which UV
causes electron excitation from the dye molecule’s HOMO to LUMO, ejecting them into the
ZnO conduction band and finally causing dye breakdown on the semiconductor surface.

Figure 8. (a) The difference of photodegradation with time, and (b) pseudo-first-order kinetics of the
methylene blue dye.
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Table 1. Kinetics parameters of MB dye degradation.

Sample K (min−1) t1/2 (min) R2 Degradation % Energy Gap (ev)

g-C3-N4 0.0091 76.17 0.96 19.2 2.77
ZnO 0.0066 105.02 0.98 34.6 3.2
ZnO@g-C3N4 0.0536 12.93 0.99 91.9 2.83

3.3. Influence of MB and Photocatalyst Concentration

The photocatalytic degradation process of MB dye based on Ru-ZnO@g-C3N4 nanoma-
terials was studied in terms of the photocatalyst concentration, as shown in Figure 9. The
degradation process of the MB was conducted under UV radiation and in the presence of
various photocatalyst contents within the range of (25–75 mg). Remarkably, the degradation
process was produced sufficiently in the existence of 75 mg of Ru-ZnO@g-C3N4 nanomate-
rials after 60 min of reaction under UV radiation. The dye degradation process is achieved
where the MB molecules attain the surface of the photocatalysts. Additionally, the excellent
dispersion of the small crystalline size of Ru-ZnO@g-C3N4 nanomaterials increases the
possibility of charge permutation on the outer surface of the barrier region [52]. However,
the degradation process is inversely proportional to the increment of the photocatalyst
concentration when the concentration is enhanced by more than 75 mg. Thus, by increas-
ing the photocatalyst concentration up to 75 mg, the active sites of the Ru-ZnO@g-C3N4
nanomaterial photocatalysts improve. This result may be referred to as the accumulation of
the Ru-ZnO@g-C3N4 nanomaterials in the reaction medium. Therefore, the photons cannot
reach the surface of the photocatalyst, and many active catalytic centers are blocked.

Figure 9. Photocatalytic efficiency of methylene blue dye at various concentrations (a,b) and different
Ru-ZnO@g-C3N4 mass concentrations (c,d).

To investigate the influence of MB content in the reaction medium on the degradation
process, the proper Ru-ZnO@g-C3N4 nanomaterial concentration was chosen to be 75 mg.
The concentrations of MB ranged from 30–100 ppm for 60 min. The obtained data are
exhibited in Figure 9. The results confirm that increasing the MB dye quantity influenced
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the photocatalytic process depending on the Ru-ZnO@g-C3N4 nanomaterials. These find-
ings can be attributed to the quenching of the number of active centers on the surface of
Ru-ZnO@g-C3N4 nanomaterials. In that way, the generation of the hydroxyl radicals disap-
pears, which diminishes the photocatalytic process’s efficiency. Additionally, accumulating
MB dye at a high concentration will reduce the photon path length that crosses the MB
medium’s threshold [53]. Additionally, when the MB dye concentration increases, the MB
molecules absorb considerable UV radiation, influencing the photocatalytic degradation
process [54,55]. Therefore, the characteristic MB concentration was designated as 30 ppm
for the subsequent experiments.

3.4. pH Influence

The MB dye presents as a cationic form in the solution. The tremendous concentration
of hydroxyl groups will enhance the negative surface charges on the photocatalyst surface
in a basic medium. This phenomenon will change the acidic surface of the catalyst into a
basic surface. Thus, the photocatalytic degradation of MB dye will be enhanced, as seen in
Figure 10. Conversely, the acidic medium will repel the adsorption process. Memorably,
the degradation process of the organic dye-based nano-catalysts starts with the adsorption
process [56]. Thus, the activity of the photocatalysts in the degradation process mainly
increases in the alkaline medium [57]. The obtained data confirm that the pH of the reaction
medium is a significant parameter in the degradation process of the organic dye. Additionally,
the alteration of the biting surface of the nano-catalysts affects the degradation process.

Figure 10. pH effect on the MB degradation process based on RuZnO@g-C3N4 nanomaterials.

3.5. Nanocatalyst Recovery

The recovery of the studied Ru-ZnO@g-C3N4 nanocatalysts was examined [58]. The
de-coloration of the MB organic dye in the degradation process proceeded under optimum
conditions and in the presence of UV radiation. The nanomaterials were easily recycled
by separation and filtration with a simple washing process. The MB dye degradation
experiments were repeated four times. The nanocatalysts exhibited significant and con-
stant photocatalytic activity. The dye degradation efficiency does not alter through the
process’s four cycles, as shown in Figure 11. The results confirmed that Ru-ZnO@g-C3N4
nanomaterials have excellent stability throughout the degradation reaction.
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Figure 11. Photocatalytic cycling stability of Ru-ZnO@g-C3N4 photocatalyst nanoparticles.

3.6. Photocatalytic Mechanism

Experiments involving quenching were utilized to investigate the mechanism of the
photocatalytic deterioration of MB dye on the fabricated nanocomposite. To capture e-, h+,
·OH, and ·O2 in the solution, 50 mL of dye without scavenger, AgNO3, EDTA, isopropanol
(IPL), and ascorbic acid (ASC) were added to 50 mL of a solution containing 20 mg/L
MB dye. In photocatalytic reactions, active molecules can be generated by a variety of
mechanisms. The addition of EDTA and isopropanol hastened the breakdown of MB dye
under UV illumination, whereas the addition of AgNO3 and ASC had little effect; see
Figure 12. The results revealed that ·O2 and e- contributed negligibly to the photocatalytic
activity, but ·OH and h+ played a substantial role [36].

Figure 12. Quenching experiments of the proposed mechanism.

In principle, a photogenerated hole can react with water molecules to form hydroxyl
radicals, which can subsequently react with MB molecules to decompose them into CO2
and H2O. Similarly, photogenerated holes can interact directly with MB dye molecules. The
cationic dye MB degradation products under UV include CO2, H2O, and mineral acids, as
shown in the schematic diagram (Scheme 1). Thus, this helps the conversion of various
pollutants to environmental and eco-friendly species. The advanced oxidation method is
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a process developed for converting toxic organic pollutants into eco-friendly molecules
such as H2O and CO2. Additionally, Ru-ZnO@g-C3N4 nanomaterials provide significant
radicals that participate in the oxidation process to turn the organic pollutant molecules
successfully into harmless molecules.

Scheme 1. Degradation mechanism of MB dye.

4. Conclusions

The research group attained the efficacious manufacture of a Ru-ZnO@g-C3N4 hetero-
junction photocatalyst through the combination of g-C3N4 and Ru-ZnO nanostructures.
The affection of Ru-ZnO nanostructures for the g-C3N4 was authenticated, where the
XRD peak analysis exhibited the development of the Ru-ZnO along with characteristic
g-C3N4 peaks. The morphological, EDX, and XPS data confirmed the nanocomposite’s
formation, showing improved optical properties. The photocatalytic competence of the
Ru-ZnO@g-C3N4 was evaluated by MB degradation under ultraviolet light. The superior
photocatalytic performance was attributed to the Z-scheme heterojunction formed by ZnO
and g-C3N4 coupling that promoted efficient photo-excited charge-carrier separation. The
photodegradation mechanism was consistent with the trapping experiments in which
·O2 and e- contributed negligibly to the photocatalytic activity, but ·OH and h+ played a
substantial role. These new intuitions will help develop innovative strategies for future pho-
tocatalytic applications. Additionally, we are looking forward to using these nanomaterials
in the removal processes for different types of toxic molecules.
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