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Abstract

The combustion method to obtain for pure graphitic carbon nitride (gCN) and two binary
nanocomposites, gCN-Zn - gCN-Fe have been used in the present study. The structural,
morphological, thermal and optical characterizations of the syhtesized samples were
characterized with X-ray diffraction, scanning electron microscopy, thermogravimetric analysis
(TGA) and UV-Vis spectroscopy. The intensity of characteristic gCN peak at (002) crystalline
plane decrease with formation of binary nanocomposites was observed. The EDX spectra
supports presents of Zn and Fe element in binary nanocomposites. The bandgap of pristine gCN
is calculated as 2.75 eV and it decreases to 2.58 eV and 2.50 eV for Zn and Fe addition. The
degradation capacity of pristine gCN and synthesized binary nanocomposites showed an
enhanced photodegradation performance for binary composite relative to pristine gCN was
observed. The maximum degradation performance was observed at gCN-Zn binary composite.
The obtained composites with this simple synthesis method and cost effective raw materials
used for the photodegradation of methylene blue dye detail.

Keywords: Degradation, Zn, Fe, methylene blue (MB), graphitic carbon nitride (gCN)

1. INTRODUCTION pollution originating from dyestuff. Since the

wastewater from dye can contaminate not

Environmental pollution is one of the
significant problems for humans and other
living organisms. Unfortunately, pollution
increases in parallel to industrialization,
which might result in pollution of water
sources and unhealthy drinking water. To
overcome this problem, some scientists
focused on water treatment, especially

only freshwater sources but also sands, that
may magnify the risk [1-5]. Some of the
organics dyes are toxic, carcinogenic, and
have mutagenic potential [6]. Considering the
current situation of dyes, especially their
types (more than 100,000 varied structured)
and different application areas (textile,
medicine, pharmaceutic, cosmetics, food,
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printing), the importance of treatment of
wastewater originating from dyes may
become more evident [7-9]. Different
methods have been utilized to degrade
wastewater, including physiochemical and
biological approaches; photodegradation has
massive potential for dealing with wastewater
since its a clean and cost-effective method
[10-12].

Graphitic carbon nitride (gCN) is defined as
nitrogen  substituted  graphane  with
anisotropic 2D geometry, and aromatic
conjugate structure [13]. gCN has been
considered as a promotion material due to its
original preparation methods, high stability,
band gap and low cost [14-16]. Moreover, the
earth abundant nature, suitable electronic
band position, nontoxic characteristic,
outstanding physicochemical stability and
admirable optical properties has considered as
novel specifications of the gCN [17, 18].
Triurea, melamine, cyanamide, urea,
ammonium thiocyanate and dicyandiamide
are some examples of gCN precursors that are
inexpensive and high nitrogen content
generally used in synthesis of gCN [17]. Fast
charge carrier recombination, small particle
size and poor absorption coefficient of the
gCN negatively affect the photoactivity of
pure gCN [19-21]. Different methods have
been utilized to overcome this shortcoming
like fabricating nano/mesoporous structures,
coupling with other semiconductors, noble
metal deposition and impurity doping [22—
24]. Among them doping different elements
like metal, metal oxide and nonmetals to the
bulk structure results in a decrease in band
gap and lead to enhancement of absorption of
visible light [25]. Flower like copper/zinc
bedecked gCN composite (gCN-CuO/ZnO)
was fabricated and methylene blue dye (MB)
degradation =~ was  investigated. The
enhancement of the photocatalytic activity of
gCN-CuO/ZnO relative to pure gCN has been
observed [26]. H» release of P doped gCN -
TiO, catalyst was used for hydrogen (H»)
release from the sodium borohydride
(NaBHa4) methanolysis [27]. The
photocatalytic degradation of Rhodamine B

dye of gCN/nano zero valent iron doped
bismuth ferrite nanoparticle composite
demonstrated the degradation performance
better than previously reported BiFeO3
composite  [28]. The  photocatalytic
performance of silver iodide- gCN
nanocomposite was exhibited better behavior
than pristine silver iodide and gCN over
rhodamine B and methyl orange dye was
reported [29]. Enhanced photocatalytic
behavior observed with the addition of
reduced graphene oxide and gCN to zinc

oxide over methylene blue dye was
investigated [30].
The present work has employed the

combustion method to obtain two binary
nanocomposites, gCN-Zn and gCN-Fe. The
structural, morphological, thermal and optical
characterizations were performed in detailly.
The degradation capacity of pristine gCN and
synthesized binary nanocomposites showed
an enhanced photodegradation performance
for binary composite relative to pristine gCN
was observed. The obtained composites with
this simple synthesis method and cost
effective raw materials used for the
photodegradation of methylene blue dye
detail.

2. MATERIALS AND METHOD
2. 1. Materials

Ultra pure water was used in the studies. Ultra
pure water was obtained from
Kahramanmaras Sutcu Imam University
University-Industry-Public Cooperation
Development Application and Research
Center (USKIM). All chemicals were used in
tests and syntheses without purification.
Thiourea (98%) was purchased from Merck,
zinc nitrate (98%) was from Acros Organics,
and iron nitrate (99%) was from Sigma
Aldrich.
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2. 2. Synthesis of gCN, gCN-Fe and gCN-
Zn

gCN was produced using a the combustion
method. Thiourea (10 g) in a ceramic crucible
was heated to 550 °C at a heating rate of 10
°C/min in an muffle furnace. It was then
calcined at 550 °C for 5 hours. gCN-Fe and
gCN-Zn were synthesized under the same
conditions. Briefly, 10 g of thiorue was
dissolved in 50 mL of ultra water. Iron nitrate
and zinc nitrate were then added to this
solution in a weight ratio of 0.25:10. It was
mixed on a magnetic stirrer for 1 hour. It was
then dried at 90 °C for 48 hours. The obtained
powder sample was heated to 550 °C at a
heating rate of 5 °C/min and calcined at the
same temperature for 5 hours. The
synthesized samples were ground in a mortar
for experiments. The graphitic carbon nitride
gCN synthesized in a weight ratio of 0.25:10
was named as iron-doped graphitic carbon
nitride gCN-Fe and zinc-doped graphitic
carbon nitride gCN-Zn. Figure 1 shows a
graphical representation of the gCN samples
synthesis.

Figure 1 Scheme showing synthesis of gCN,
gCN-Fe and gCN-Zn samples

2.3.Characterization

The X-ray diffraction (XRD) pattern of the
gCN samples was obtained using a Philips
brand X'Pert PRO model XRD instrument
with Cu Ka radiation (A=0.154056 nm, 40 kV
and 30 mA). Scanning Electron Microscope
(SEM) images and EDX measurements were
taken with the FEI brand Quanta 650 Field
Emission SEM model electron microscope
available at Cukurova University Central
Research Laboratory (CUMERLAB).
Thermogravimetric analysis (TGA) was

performed using a thermal analyzer (Perkin-
Elmer Diamond) in a nitrogen atmosphere
with a heating rate of 20 °C/min in the
temperature range of 20 to 750 °C. FT-IR
spectrum measurements were taken with the
Perkin Elmer Spectrum 400 device in the
range of 4000—400 cm™'. UV—Vis absorption
measurements were obtained with a
Shimadzu-1800 UV spectrometer. XRD,
TGA, FTIR and UV measurements were
obtained in the USKIM laboratory.

2.4. Photocatalytic test

The photocatalytic performance of the
produced gCN, gCN-Fe and gCN-Zn
structures was tested with methylene blue
(MB) dye. 20 mg of the photocatalyst gCN, 5
ppm was dropped into 50 mL MB solution
(with water). First of all, the solutions to
which the catalyst was added were kept in the
dark for 30 minutes, taking into account the
absorption-desorption balance. It was then
tested by irradiation under a Xeon lamp light
source (300 W Luzchem). Photocatalytic
performances of the samples were
investigated with a Shimadzu UV1800
spectrometer in 10-minute time [.

3. RESULTS AND DISCUSSION

Graphically showing the XRD patterns of
gCN, gCN-Fe and gCN-Zn are presented
(Figure 2). Two characteristic peaks of pure
gCN appear prominently at 12.8° and 27.3°
both (100) and (002) peaks can be attributed
to interplanetary structural stacking of
conjugated aromatic systems indexed for
graphite materials. These peaks are consistent
with the XRD data of the reported studies
available in the literature for the gCN
structure [31, 32]. It is clearly seen in the
XRD graph that the intensity of the (002) peak
decreases with the doping of Zn and Fe. This
suggests that adding Zn and Fe can limit the
crystal growth of gCN. The decrease in peak
intensity can be attributed to an interaction
between Zn/Fe and gCN. This effect deforms
the nitride pore structure and changes the
distance between the holes [33]. In addition,
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the decrease in crystallinity in the (002)
crystal planes can be attributed to the effects
of Fe and Zn additions on the thermal
condensation of urea/thiourea [34]. When the
XRD graph was examined, no diffraction
peak was observed for Zn and Fe structures.

(100) (002) ——gCN-Zn
——gCN-Fe
——gCN
3 ™ A
L
2| :
1] 1 1
£ AN
£
10 2I0 3I0 4I0 5I0 SIO 70
20 (degree)
Figure 2 XRD pattern of gCN, gCN-Fe and
gCN-Zn

SEM images illuminating the SEM surface
morphologies of gCN, gCN-Fe and gCN-Zn
are given in Figure 3. Characteristic plate-like
structures are seen and the construction of
pronounced 2D layered bulk sheets that
remain grouped together is celarly seen from
this figure. Fe and Zn additives did not affect
gCN morphology [35]. This demonstrates that
introducing Fe to gCN does not modify its
sheet structure. According to result of similar
research related to 5% Fe doped gCN that
obtained composite not contain any iron
nanoparticles, proving that Fe was ionically
added to the gCN framework [36]. The
addition of Fe to the carbon nitride structure
does not alter the stacking of chain layers,
implying that Fe-gCN preserves the original
crystal structure of gCN [37]. The
morphology of ZnO incorporated gCN was
observed by SEM and the images reveal its 2-
D layered nanosheet structures without much
variation in its  morphology  upon
incorporating zinc metal into gCN.

Figure 3 SEM images of gCN (a) gCn-Fe (b) and
gCN-Zn (¢)

EDX analysis was performed to determine the
chemical composition of gCN, gCN-Fe and
gCN-Zn nanocatalysts (Figure 4). The EDX
spectra of the samples confirm the presence of
C, N, O, Fe and Zn elements.

Optical band gap energies of the synthesized
samples were determined by using optical
absorption spectra. Optical band gaps were
obtained with the Tauc plot. (ahv)*> for
samples as a function of photon energy is
plotted graphically in Figure 5. The band gap
energy for gCN was found to be 2.75 eV. In
the literature, some researchers found the
same result for gCN [38, 39]. The addition of
Zn and Fe decreased the band gap energy.
Band gap energies for gCN-Zn and gCN-Fe
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were found to be 2.58 eV and 2.50 eV,
respectively. The results found are in
agreement with previous studies. In the
literature, some studies found that the
forbidden energy gap decreases with the
addition of Zn and Fe to gCN [33, 40, 41].

Figure 4 EDX spectra of gCN (a) gCn-Fe (b) and
gCN-Zn (c)

Figure 5 Bandgap graph gCN, gCN-Fe and gCN-
Zn

The TGA pattern of gCN, gCN-Fe and gCN-
Zn are presented in Figure 6. It is observed
that the remarkable thermal decomposition of
the samples starts around 400 °C. It is clearly
seen that the samples show a tendency to
decompose at temperatures higher than 600
°C. This result indicates that thermally gCN
structures are one of the highly stable organic

materials [42]. The degree of condensation
seriously affects thermal stability. Complete
degradation of the synthesized gCN sample
takes place at 620 °C and no material remains.
However, complete degradation does not
occur in Zn and Fe doped gCN samples.

100 e

—gCN
—— gCN-Fe
——gCN-Zn

80

60

Weight (%)

20+

160 260 360 460 560 660 760
Tem perature (°C)
Figure 6 TG thermograms for the gCN, gCN-Fe
and gCN-Zn

FTIR spectroscopy is used to detect tensile
and bending vibrational bands of synthesized
gCN structures and to examine the functional
groups and types of chemical bonds of gCN
structures. Figure 7 shows the FT-IR spectra
of the synthesized gCN constructs.
Measurements in the range of 4504000 cm’!
were taken for the FTIR analysis. The broad
absorption peak centered at 3150 cm is
attributed to the tensile vibration of the N-H
group. The peaks seen in the 1000-1750 cm’!
range indicate the characteristic stretching
modes of C-N heterocycles. The sharp peak
observed at 805 cm™! can be assigned to the
respiratory mode typical of triazine units [43,
44]. As aresult of the addition of Zn and Fe,
the intensity of the peaks observed between
3150 cm™ and 1000-1750 cm™ decreased.
This indicates that the crystallization of Fe
and Zn can affect the thermal polymerization
of Thiourea. It is consistent with the result of
the XRD analysis, which shows that the
addition of Fe and Zn can lead to the
deterioration of the graphite structure of gCN
[33].
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Transmittance (%)

C-N Triazine
heterocycles units

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 7 FTIR pattern of obtained samples

Optical absorptions of synthesized gCN
samples were measured between 450-750 nm
wavelengths using UV-vis spectroscopy. All
samples were kept in the dark for 30 minutes
and then measurements were taken with a
UV-Vis spectrophotometer every 10 minutes
for 60 minutes. The photocatalytic
degradation of the catalyst-free and gCN-
catalyzed dyestuff solutions with respect to
time was investigated under normal
conditions under 300 W Xenon light. In
Figure 8, absorption graphs of gCN, gCN-Fe
and gCN-Zn samples are given. The
maximum peak in the UV-Vis absorption
spectra of the dyestuffs was determined as
664 nm for methylene blue. 50 ml of 5 ppm
methylene blue solution was taken and kept
under xenon and room light for 60 minutes
without a catalyst. The degradation rates
under room conditions (called day in Figure
9) and under a xenon lamp (called sim in
Figure 9) were determined as 2.7% and 5.4%,
respectively (Figure 9).

Figure 8 UV-visible absorption spectra for MB
in a) gCN, b) gCN-Fe and c¢) gCN-Zn

In Figure 9, the graph of the decay rates with
respect to time is given. In Figure 9, the
degradation rates of gCN samples on MB
after 60 minutes were determined as 92.7%
for gCN, 93.3% for gCN-Fe and 98.4% for
gCN-Zn.

100

80 ] —¥—gCN-Fe
s —4—gCN-Zn
<
S 60
=
1]
°
g
5 401
(1]
a
20
04
T T T T T T T T T T T
10 20 30 40 50 60
Time (min.)
Figure 9 The degradation graph of MB in all
samples
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It was observed that the synthesized Zn-doped
gCN sample was more effective on MB.
Figure 10 presents the graph of In (Co/Cy)
versus time. k (min™") rate constants (pseudo-
first order) were calculated using the slope of
the graphs [45]. As can be seen from the
graph, the gCN-Zn sample with the highest
degradation rate has the largest k value
(k=0,06839 min™!).

H gCN A
7 ® gCN-Fe
A gCN-Zn

In(Cg/Cy)
~N

k= 0,06839 min"! R2=0,9848
k= 0,04985 min"' R2=0,9719
k= 0,04541 min"' R2=0,9898

(I] 1I0 2|0 SID 4ID 5ID GID
Time (min.)
Figure 10 Graph of In(Co/Cy) to time gCN, gCN-
Fe and gCn-Zn

Photocatalytic evaluation of prepared gCN,
gCN-Fe and gCN-Zn samples was
investigated through the degradation of MB.
gCN-Fe and gCN-Zn were found to exhibit
better photocatalytic activity compared to
pure gCN. The primary factors of
photocatalytic activity are light-absorption
capacity, surface = composition, and
photogenerated charge-separation efficiency
[46]. The improvement in photocatalytic
activity of gCN-Fe and gCN-Zn composites
can be attributed to (i) gCN-Fe and gNC-Zn
have a well-developed synergistic interaction
in the obtained structure, (ii) a reduction in the
bandgap energy of a binary composite can
increase the transfer of photo-induced
electrons while decreasing electron-hole pair
recombination [47, 48]. Zinc oxide absorbe
more light quanta than iron oxide and this
may the reason of the syhtesized gNC-Zn
shows better performance than the gCN-Fe
sample [49]. This can increase photocatalytic
activity. In addition, the development of
photocatalytic activity can be attributed to the

promotion of hydroxyl radical formation [40,
41, 50-52].

4. CONCLUSION

In summary, the prisitne gCN, gCN-Zn and
gCN-Fe structures were  successfully
synthesized by the combustion method. The
structural properties of the obtained samples
were detailly characterized with X-Ray
diffraction, SEM-EDX, FTIR and UV-Vis
spectroscopy. The bandgap value of pure
gCN was found as 2.75 eV and the band gap
values of gCN-Zn and gCN-Fe syhtesized
binary composites decrease to 2.58 eV and
2.50 eV respectively. The results of the
elemental analysis show the apparent
differences between the pure forms of gCN,
gCN-Zn, and gCN-Fe indicating that
syhtesized binary composites have different
composition. The obtained FTIR results are
comparable with the XRD study, which
reveals that the addition of Fe and Zn can
cause the graphite structure of gCN to
deteriorate. The photocatalytic performances
of the synthesized materials were
investigated. The degradation effect of
synthesized nanocomposites on MB was
enhanced with metal ion doping. The
obtained results also demonstrated that
adding a zinc and iron elements increased the
photocatalytic activity remarkably. Among
the samples examined, gCN-Zn exhibited the
highest photocatalytic performance. The
degradation effect of gCN-Zn sample on MB
was found to be 98.4% after 60 minutes. The
results showed strong photocatalytic effects
of Fe and Zn doped gCN structures.
Therefore, the prepared gCN-Zn
nanocomposite has significant potential and a
promising candidate for the destruction of
environmental pollutants.
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Abstract—Water-soluble carbon quantum dot (CQD) nanoparticles were synthesized using a one-step hydrothermal
method, with sucrose and urea selected as carbon precursors. The synthesized CQDs were characterized through
SEM, TEM, X-ray diffraction, UV-Vis spectrum, FTIR, and fluorescence spectra analyses. HR-TEM results revealed
the microstructure of CQDs as spherical-shaped particles, while XRD plots indicated their amorphous nature. XPS
analysis confirmed the successful synthesis of N-doped CQDs. Moreover, this study introduced the reinforcing
effect of CQD nanoparticles for the Al composites. The incorporation of CQD particles led to improved hardness
properties of the Al-Zn—-Mg—Cu composites by using Vickers tester. Additionally, SEM results suggested that
CQD particles contributed to a grain fining effect, thereby reducing grain boundary separation.

Keywords: carbon quantum dots, new carbon materials, hydrothermal method, carbon nanodot reinforced

Al-Mg—Zn—Cu composite, Al composites
DOI: 10.1134/S1070363223080236

INTRODUCTION

Recently, carbon quantum dots (CQDs) have attracted
increasing attention due to their extraordinary properties.
CQDs are alternatives for semiconductor quantum
dots (SCDs). CQDs have many advantages compared
to SCDs, such as outstanding optical properties, low
toxicity, high stability, water solubility, and good
biocompatibility [1, 2]. These lead to use in bioimaging,
optical sensing, optoelectronics, light-emitting diodes,
solar cells, displays, photocatalysis, supercapacitors,
food packaging, and drug delivery applications [3-5].
Pyrolysis, microwave-assisted methods, ultrasound,
and hydrothermal treatment are some examples of
synthesizing CQDs. Among them, the hydrothermal

method is commonly used for its simplicity, energy
efficiency, and economic and practical approach to
generating cost-efficient and nontoxic carbon dots [6-9].

Superior nanosized materials reinforced composite
materials play a crucial role, but these materials are
often quite expensive to produce [10]. Here, carbon-
based nanostructures, especially carbon quantum dots
can be produced cheaply. Aluminum matrix composites
(AMC:s) are obtained by incorporating a specific content
of reinforcement phase into Al or Al alloy matrix [11]. In
literature, 0.2 wt % graphane is used as a reinforcement
material for AlSi;,Mg alloy, and the hardness improved
by approximately 30% [11]. Another study revealed that
the hardness of aluminum matrix composite with 0.5 wt %
graphenes was enhanced by 41.7% compared to pristine
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Fig. 1. The TEM image of the prepared CQDs (inset particle
size distribution).

aluminum [12]. The thermal expansion coefficient (CTE)
of aluminum matrix composite reinforced with 1.0 wt %
multiwall carbon nanotubes (MWCNT) decreased
by 12% [13]. Dorbani et al. reported that introducing
0.25% MWCNT to aluminum resulted in significant
changes in structural and thermodynamic properties
[10]. The addition of 1.5 wt % carbon nanotubes to
the aluminum matrix resulted in a threefold increase in
microhardness [14]. The remarkable increase in hardness
of the aluminum-graphane (0.2 wt %) composite was
reported from 65+0.5 VHN to 165+0.8 VHN [15]. Carbon
nanotube-reinforced Al composite was fabricated and
the hardness of the system was enhanced from 83+2 to
11744 HV [15]. The CQDs/Copper (Cu) composite was
synthesized, and the mechanical strength of 0.4 wt %
CQD/Cu composite increased up to 47% relative to pure
Cu [16]. Another study is related to 0.2 wt % CQDs/Cu
composite tensile strength which was enhanced by about
31% [17]. The ultra-tensile strength of 0.2 CQDs/Cu
composite is improved by about 17% in the study [18].

In this study, carbon quantum dots (CQDs) were
synthesized using sucrose and urea as precursors. The
hydrothermal method was chosen for CQD synthesis
due to its simplicity and energy efficiency. Furthermore,
this study introduced the utilization of carbon dots as
reinforcement particles.

2153

Fig. 2. The XRD pattern of the carbon dots.

RESULTS AND DISCUSSION

Carbon gquantum dots. Figure 1 displays the
transmission electron microscopy (TEM) image, revealing
the synthesized carbon quantum dot (CQD) nanoparticles.
The TEM image showcases spherical-shaped structures,
characteristic of the CQDs’ morphology. Through the
image analysis, the average particle size of the CQD
nanoparticles was determined to be 28.18 nm, with a
standard deviation of 5.87 nm. This statistical analysis
provides valuable information about the size distribution
and homogeneity of the synthesized nanoparticles.

The XRD patterns of the particles were scanned in the
20 range of 10 to 70°. No sharp peaks are observed in
Fig. 2, which means the structure of the carbon dots
(CDs) is amorphous type. This has also been observed
in previous studies of CDs synthesized with different
carbon sources [19, 20]. A single broad peak observed
on the XRD graph is centered at around 20 = 25°. The
peak at 25° corresponds to the crystal lattice spacing
(002), which is a fundamental characteristic of carbon
nanomaterials [21].

The elemental analysis and surface composition
of the synthesized CDs were characterized by X-ray
photoelectron spectroscopy (XPS). As seen in Fig. 3, there
are peaks at 282 eV, 397 eV, and 529 eV, indicating Cls,
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Fig. 3. The X-ray photoelectron spectrum (XPS) of the carbon
dots.

Nls, and 01s, respectively, which means that N-doped
CQDs were synthesized [22-24].

Figure 4 depicted that the synthesized CDs give
a characteristic absorption peak at 269 nm in the UV
spectrum, which was attributed to the n—n* transition of
the C=0 band and the m—n* transition of the conjugated
C=C bond [25].

The PL spectra of the CQDs solutions are given in
Fig. 5. When excitation is at 350 nm, the CDs exhibit
maximum emission at 432 nm (see Fig. 5a). PL spectra

ASLAN et al.

Fig. 4. The UV-vis spectra of the carbon dot solutions.

at various excitation wavelengths ranging from 300 to
600 nm (Fig. 5b). It was observed that the emission
peak red-shifted from 411 to 506 nm when the excitation
wavelength was increased from 300 nm to 450 nm. The
redshift observed in the emission spectrum reveals the
possibility of adjusting the PL emission color so the
excitation wavelength creates a variety of emission
spectra. With the increase in the excitation wavelength,

the fluorescence intensity decreases and weakens.

Fig. 5. The PL excitation and PL emission spectrum of the carbon dots (a), and the corresponding excitation-depended PL emission

spectra for the carbon dots (b).
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Fig. 6. The FTIR spectra of the synthesized carbon dots.

The functional groups on CQD nanoparticles were
examined by the FTIR spectrum (Fig. 6). The O-H (broad)
and N—H (stretching) bands were observed on the peak of
3202 cm™'. The stress vibrations of C—H (stretching) were
seen at 2923 cm™' [26].The peaks at 1572 cm™' correspond
to N—H bending vibrations [27]. The absorptions at
1037-1118 cm™' show the existence of C-O-C groups
in the CDs [28]. The peaks at 1400 and 1230 cm™' can
be attributed to the C—C and C—N bonds [29].

Al-Zn-Mg-Cu composites reinforced with the
carbon nanodots. Al (99.9% purity, ~44 um ), Zn (99.8%
purity, ~44 um), Mg (99.9% purity, ~100 um ), and Cu
(99.9% purity, ~44 um) powders were purchased from
Nanografi Co., Ltd. and ethyl alcohol (99% purity) was
provided by Isolab Chemicals. The chemical composition
of Al-Zn—Mg—Cu alloy is presented below. To produce
the CQDs-reinforced Al-Zn—-Mg—Cu composites, 1.5,
3, and 5 wt % of CQDs were additionally mixed with
the Al alloy.

Element Al Zn Mg Cu
wt % 90.5 55 24 1.6

The densities of the composites were obtained by the
Archimedes principle, including the stages of weighing
the composite first in the air and then in distilled water.

The measured densities of the composites in terms
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Fig. 7. The measured densities of the composites according
to their carbon nanodot weight percentages.

of the weight percentages of the CQDs are shown in
Fig. 7. The density of the samples decreased with
increasing the weight percentages of the CQDs. This kind
of behavior may be associated with the agglomerations
of CQD particles and act as a porosity which results in
the composite density diminishing. This may also be
attributed to the lower density of the carbon nanodot than
those of the constituent elements of the aluminum alloy.
The same results were observed in the study conducted
by Garg et al. [30]. In their study, the density of the
graphene-reinforced aluminum composites was lower
when compared to the pure form. Differently, the density
of the composite with 3 wt % of the CQDs is higher
than those of the other CQDs reinforced composites but
lower than that of pure one. This may be due to the lower
intergranular friction forces between CQDs and other
elements. This is also supported by the hardness results
since the 3 wt % of the CQDs reinforced composites has
higher hardness values before the sintering process. After
the sintering process, as expected, due to the decrease
in the porosities of the structures, the densities of the
composites increase. The efficiency of the sintering
process was seen mainly on the structure of the 5 wt %
of the CQDs reinforced composites (Fig. 7). This means
that the sintering process leads to a considerable decrease
in the porosity of these structures.

Before testing the specimens, metallographic

processes were applied as sanding, polishing, and etching,
respectively. The sanding method was applied to the
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Fig. 8. The microhardness values of the composites according
to their carbon nanodot weight percentages.

surfaces of the samples with 600, 1000, and 2000 mesh
sanders, respectively. Then, the surfaces of the samples
were polished with 6 and 3 p diamond suspensions,
respectively. Finally, the specimens were subjected to the
etching process by the dipping method. Keller’s reagent
(95 mL water, 2.5 mL HNOs, 1.5 mL HCL, 1.0 mL HF),
a popular general-purpose reagent for Al alloys and
composites, was used as an etching agent. To examine
the mechanical properties of the studied composites,
measurements were carried out using an AOB Vickers
Microhardness tester with a load of 0.5 kg and 15 s of
dwell time. At least five indentations were made for
each hardness measurement, and the average hardness
values were reported. The Vicker hardness values of the
given composites are reported in Fig. 8. Results indicate
that introducing CQD particles into the matrix results

Fig. 9. The SEM images of the composites with 0 (a) and 1.5 wt % (b) of CDs respectively.
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Fig. 10. The SEM images of the composites with 3 (a) and 5 wt % (b) of CQDs, respectively.

in incrementing the Vickers microhardness values. On
the other hand, before the sintering process, the highest
value was not seen on the 5 wt % of the CQDs reinforced
composites. In this structure, this was caused by the
agglomerated CQDs, which hindered the particle-particle
contact and gave rise to insufficient bonding between
the matrix and the CQDs. This leads to higher porosity
and causes a decrease in hardness, but after the sintering
process, the effect of the aggregation relatively decreases,
especially in this structure (Fig. 8).

The SEM images of the composites with the
reinforcements of 0, 1.5, 3, and 5 wt % of CQD
nanoparticles, respectively, are given in Figs. 9 and 10.
The agglomerations reducing the hardness are observed

in the pure form of the composite (Fig. 9a). The CQDs
addition in the composites may lead to the grain fining
effect, which reduces the grain boundary separation.
This can be seen clearly in Fig. 9b. Excellent grains are
formed and long grain boundary separation can also be
observed in this structure. Figures 10a and 10b depict
the formations of the pores. Furthermore, oxidations are
predominant effects on the microstructure of all structures.

The produced nanostructured composite was examined
with EDX to determine the compositional homogeneity.
Fig. 11 shows the EDX analysis of the alloy. It is seen in
Fig. 11 that there are Al, Mg, Cu, Zn, and C elements in
the produced alloy. In addition, the composition of the
alloy is close to the initial ratio of the composite, revealing
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Fig. 11. The EDX graph of nanostructured composite.

that all elements and carbon are included in the alloy
without significant loss.

CONCLUSION

The present study presents a green and facile
hydrothermal approach for synthesizing carbon dots and
producing CQD nanoparticle-reinforced Al-Mg—Zn—Cu
composites using a powder metallurgy routine. In this
synthesis, sucrose and urea were used as natural carbon
sources, eliminating the need for any chemical additives
or complicated post-treatment. TEM results indicate an
average particle size of 28.18+5.87 nm for the CQDs. XRD
analysis shows a single broad peak at around 26 = 25°,
corresponding to the crystal lattice spacing (002), which
is a fundamental characteristic of carbon nanomaterials.
XPS analysis confirms the efficiency of the produced
N-doped CQDs. The CQDs-reinforced Al-Zn—-Mg—Cu
composites were produced through mechanical alloying.
The composite density with 3 wt % CQDs is higher than
that of the other composites and lower than the pure form,
likely due to lower intergranular friction forces. Before
the sintering process, the composite with 3 wt % CQDs
exhibited the highest microhardness value, while after
the sintering process, the highest value was observed in
the composite with 5 wt % CQDs. The sintering process
had a significant effect on the structure of the 5 wt %
CQDs-reinforced Al-Zn—-Mg—Cu composites, leading to a
considerable decrease in the aggregation of this structure.
Moreover, the incorporation of CQDs in the composites

ASLAN et al.

may induce a grain refining effect, reducing the grain
boundary separation.

EXPERIMENTAL

The transmission electron microscope images of the
carbon dots were obtained using a Hitachi HT7700 with
EXALENS operating at 120 kV. The X-ray diffraction
analysis was performed on a Philips X’Pert PRO XRD
instrument with CuK, radiation (A = 0.154056 nm, set at
40 kV and 30 mA). The UV-Vis absorption spectra were
recorded using a Shimadzu UV-Vis 1800 spectrometer. The
X-Ray photoelectron spectroscopy (XPS) measurements
were obtained on a Specs-Flex Mod electron spectrometer,
utilizing a monochromatized AlK, excitation source. The
FTIR spectroscopy analyses were performed with a
PerkinElmer Spectrum 400 in the range of 4000-500 cm'.
The photoluminescence (PL) spectrum was measured
using the Varian Cary Eclipse spectrometer. The
microstructures of the studied materials were examined
with a ZEISS EVO LS10 scanning electron microscope.

Preparation of the carbon dots. Carbon quantum dots
were synthesized using a hydrothermal reaction method
with sucrose and urea as the carbon sources purchased,
from AFG Bioscience and Tekkim, respectively. Distilled
water was served as the solvent. To synthesize the carbon
quantum dots, 2.95 g of sucrose was dissolved in 250 mL
of distilled water, followed by the addition and mixing
of 2.05 g of urea. The resulting mixture was then sealed
in a teflon container and transferred to a steel autoclave.
The hydrothermal reaction was carried out at 180°C
for 10 h. Finally, the synthesized carbon quantum dot
solution was separated and purified using filtration and
a centrifuge instrument.

Preparation of the aluminum composite. Carbon
nanodot-reinforced aluminum alloy composites, with
a composition similar to 7075 aluminum alloy, were
produced using the powder metallurgy (PM) technique.
Elemental powder precursors of Al, Zn, Mg, Cu, and
carbon nanodots served as starting materials. Mechanical
alloying (MA) was conducted in a planetary high-energy
ball mill (Retsch PM 100) equipped with 120 mL stainless
steel grinding jars.

In the initial stage, the planetary ball mill (PM) was
operated without any balls for 30 min to ensure the
homogeneous distribution of raw elemental powders
during mechanical alloying. The rotation speed was
set at 150 rpm with direction reversal every 2 min.
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Subsequently, in the second stage, to alloy the Al, Zn,
Mg, and Cu powders, the planetary ball mill was used
for a 2 h working period, employing 10 mm diameter
stainless steel balls. The ball-powder weight ratio was
maintained at 3 : 1, with a speed of 150 rpm and direction
reversal every 5 min. To prevent overheating, the PM was
stopped for 2 min after every 5 min of working period.
Furthermore, 5 mL of ethanol was used as a process
control agent (PCA). In the final stage, the 5 mL CQD
solutions with the specified weight percentages were
added to the grinding jar. The composite was synthesized
in a planetary ball mill for 2.5 h, operating at a speed
of 100 rpm with a ball-powder weight ratio of 1 : 1.
Direction reversal occurred every 5 min, and the ball
milling was paused for 2 min after each 5 min run to
prevent overheating.

The obtained powders were subsequently dried
in oven at 100°C for 24 h. To ensure a homogeneous
distribution, the powder samples were mixed for 10 min
using mechanical stirring and then cold-pressed in a steel
die at 200 MPa to form bulk alloy representations. Finally,
the bulk samples were sintered in a furnace at 400°C for
2 h, followed by immediate cooling to room temperature.

FUNDING

This study was supported by the Scientific Research
Projects Coordination Unit of Kahramanmaras Siit¢ii imam
University and Gaziantep University (project no. 2023/2-22 A
and MF. DT.20.06, respectively).

CONFLICT OF INTEREST
The authors declare no conflict of interests.
REFERENCES

1. Ding, S., Kara, M., and Yavuz, E., Carbon Dots in
Agricultural Systems, Elsevier, 2022, p. 69.

2. Kaur, R., Singh, J., Kathuria, D., and Matharu, A.S., Sust.
Chem. Pharm., 2022, vol. 29, p. 100813.
https://doi.org/10.1016/j.s¢cp.2022.100813

3. Kir, S., Dehri, 1., Onal, Y., Esen, R., and Basar, C.A.,
Surf. Interfaces, 2022, vol. 29, p. 101679.
https://doi.org/10.1016/j.surfin.2021.101679

4. Rohde, L.E., Clausell, N, Pinto Ribeiro, J., Gold-
raich, L., Netto, R., Dec, G.W., DiSalvo, T.G., and
Polanczyk, C.A., Int. J. Cardiol., 2005, vol. 102, p. 71.
https://doi.org/10.1016/j.ijcard.2004.04.006

5. Sen, F.B., Begi¢, N., Bener, M., and Apak, R,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

2159

Spectrochim. Acta (A), 2022, vol. 271, p. 120884.
https://doi.org/10.1016/j.saa.2022.120884

Radnia, F., Mohajeri, N., and Zarghami, N., Talanta,
2020, vol. 209, p. 120547.
https://doi.org/10.1016/j.talanta.2019.120547

Polatoglu, B. and Bozkurt, E., Res. Chem. Intermed.,
2021, vol. 47, p. 1865.
https://doi.org/10.1007/s11164-021-04404-y

Eskalen, H., Urus, S., Kavgaci, M., Kalmis, H.V., and
Tahta, B., Biomass Conv. Bioref-, 2023, p. 1.
https://doi.org/10.1007/s13399-023-04048-5

Bagkaya, S.K., Tahta, B., Urus, S., Eskalen, H.,
Cesme, M., and Ozgan, S., Biomass Conv. Bioref., 2022,
p. 1.

https://doi.org/10.1007/s13399-022-03017-8

Dorbani, T., Bouleklab, M.C., Settar, A., Chetehouna, K.,
Naoui, Y., Revo, S., and Hamamda, S., J. Mater. Res.
Technol., 2022, vol. 19, p. 1484.
https://doi.org/10.1016/j.jmrt.2022.05.111

Tiwari, J.K., Mandal, A., Sathish, N., Agrawal, A.K., and
Srivastava, A K., Addit. Manuf., 2020, vol. 33, p. 101095.
https://doi.org/10.1016/j.addma.2020.101095

Wang, F., Liu, H., Liu, Z., Guo, Z., and Sun, F., Sci.
Rep., 2022, vol. 12, p. 9561.
https://doi.org/10.1038/s41598-022-13793-y

Deng, C., Ma, Y., Zhang, P., Zhang, X., and Wang, D.,
Mater. Lett., 2008, vol. 62, p. 2301.
https://doi.org/10.1016/j.matlet.2007.11.086

Abdullahi, U., Maleque, M.A., and Ali, M.Y., Mater.
Today Proc., 2021, vol. 46, p. 6097.
https://doi.org/10.1016/j.matpr.2020.03.333

Palei, B.B., Dash, T., and Biswal, S.K., J. Mater. Sci.,
2022, vol. 57, p. 8544.
https://doi.org/10.1007/s10853-022-07043-9

Zhao, W., Bao, R., Yi, J., Tao, J., Guo, S., and Tan, S.,
Mater. Sci. Eng. (A), 2021, vol. 805, p. 140573.
https://doi.org/10.1016/j.msea.2022.143222

Huang, X., Bao, R., and Yi, J.-h., J. Cent.
South Univ., 2021, vol. 28, p. 1255.
https://doi.org/10.1007/s11771-021-4693-y

Zhao, W.-m., Bao, R., and Yi, J.-h., J. Mater. Sci.,
2021, vol. 56, p. 12753.
https://doi.org/10.1007/s10853-021-06116-5

Eskalen, H., Cesme, M., Kerli, S., and Ozgan, S.,
J. Chem. Res., 2021, vol 45, p. 428.
https://doi.org/10.1177/1747519820953823

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 93 No. 8 2023

Bu belge, giivenli Elektronik imza ile imzalanmstir.
Evrak sorgulamasi https://turkiye.gov.tr/ebd?eK=5637&eD=BSCNMKHLEJ&eS=38701 adresinden yapilabilir.



2160

20.

21.

22.

23.

24.

25.

Aslan, M. and Eskalen, H., Fuller. Nanotub. Carbon
Nanostructures, 2021, vol. 29, p. 1026.
https://doi.org/10.1080/1536383X.2021.1926452

Lin, H., Ding, L., Zhang, B., and Huang, J., R. Soc.
Open Sci., 2018, vol. 5, p. 172149.
https://doi.org/10.1098/rs0s.172149

Eskalen, H., Appl. Phys. (4), 2020, vol. 126, p. 708.
https://doi.org/10.1007/s00339-020-03906-7

Pandiyan, S., Arumugam, L., Srirengan, S.P., Pitchan, P.,
Sevugan, S., Kannan, K., Pitchan, G., Hegde, T.A., and
Gandbhirajan, V., ACS Omega, 2020, vol. 5, p. 30363.
https://doi.org/10.1021/acsomega.0c03290

Swapna, M. and Sankararaman, S., Int. J. Mater.
Sci., 2017, vol. 12, p. 541.
https://doi.org/10.1088/2053-1591/aaa656

Xu, X., Chen, Z., Li, Q., Meng, D., Jiang, H.,
Zhou, Y., Feng, S., and Yang, Y., Microchem. J.,
2021, vol. 160, p. 105708.
https://doi.org/10.1016/j.microc.2020.105708

26.

ASLAN et al.

Azizi, Z., Alamdari, A., and Doroodmand, M.M.,
J. Therm. Anal. Calorim., 2018, vol. 133, p. 951.
https://doi.org/10.1007/s10973-018-7293-9

27. Gedda, G., Lee, C.-Y., Lin, Y.-C., and Wu, H.-f.,

28.

29.

30.

Sens. Actuators (B), 2016, vol. 224, p. 396.
https://doi.org/10.1016/j.snb.2015.09.065

Ma, X., Li, S., Hessel, V., Lin, L., Meskers, S., and
Gallucci, F., Chem. Eng. Sci., 2020, vol. 220, p. 115648.
https://doi.org/10.1016/j.ces.2020.115648

Asgari, M., Khanahmad, H., Motaghi, H., Farzadniya, A.,
Mehrgardi, M.A., and Shokrani, P., Appl. Phys. (4),
2021, vol. 127, p. 1.
https://doi.org/10.1007/s00339-020-04171-4

Garg, P., Gupta, P., Kumar, D., and Parkash, O., J. Mater.
Environ. Sci., 2016, vol. 7, p. 1461.
https://doi.org/10.1016/j.jmrt.2019.06.028

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 93 No. 8 2023

Bu belge, giivenli Elektronik imza ile imzalanmstir.
Evrak sorgulamasi https://turkiye.gov.tr/ebd?eK=5637&eD=BSCNMKHLEJ&eS=38701 adresinden yapilabilir.



Applied Radiation and Isotopes 198 (2023) 110858

Contents lists available at ScienceDirect
Applied Radiation and Isotopes

journal homepage: www.elsevier.com/locate/apradiso

t.)

Check for

Preparation and study of radiation shielding features of ZnO nanoparticle @&
reinforced borate glasses

a,d,* d

b,d c
Hasan Eskalen , Yusuf Kavun ™, Mustafa Kavgaci “
a Vocational School of Health Services, Dept. of Opticianry, Kahramanmaras Siitcii imam University, Kahramanmaras, Turkey
Y Vocational School of Health Services, Dept. of Medical, Imaging Techniques, Kahramanmaras Siitcii Imam Univ, Kahramanmaras, Turkey
¢ Department of Opticianry, Elbistan Vocational School of Health Services, Kahramanmaras Istiklal University, Kahramanmaras, 46300, Turkey
4 Department of Material Science and Engineering, Graduate School of Natural and Applied Sciences, Kahramanmaras Siitgii imam University, Kahramanmaras, Turkey

ARTICLE INFO ABSTRACT
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With the development of technology, the application areas of radiation have expanded and have an important
place in our daily life. For this reason, we need more advanced and effective shielding materials to protect lives
from the harmful effects of radiation. In this study, a simple combustion method was utilized to synthesize zinc
oxide (ZnO) nanoparticles, and obtained nanoparticles’ structural and morphological features were examined.
The synthesized ZnO particles are used to produce different percentages (0, 2.5, 5, 7.5, 10%) of ZnO-doped glass
samples. The structural and radiation shielding parameters of obtained glasses are examined. For this purpose,
the Linear attenuation coefficient (LAC) has been measured via 657n and °Co gamma sources and Nal(TI)
(ORTEC® 905-4) detector system has been used. Using the obtained LAC values, Mass Attenuation Coefficient
(MACQ), Half-Value Layer (HVL), Tenth-Value Layers (TVL), and Mean-Free Path (MFP) for glass samples have
been calculated. According to these radiation shielding parameters, it was concluded that these ZnO doped glass

samples provide effective results in radiation shielding and can be used as a shielding material effectively.

1. Introduction

Today, the use of devices emitting high-energy particles and radia-
tion has increased considerably. Medical analysis, food sterilization,
agricultural enterprises, and nuclear power plants are the most well-
known areas where radioactive sources are used intensively. It is quite
possible for personnel working in these areas to encounter serious health
problems from exposure to X-rays or high-energy photons such as
gamma rays (Alzahrani et al., 2021b; Kurtulus et al., 2021). Radiation
exposure can cause genetic damage, damage to vascular cells, skin, and
cancer (El-Mallawany et al., 2020a; Hannachi et al., 2023; Lakshmi-
narayana et al., 2020). For this reason, it is crucial to develop materials
for radiation shielding to protect against ionizing radiation (Arif et al.,
2023; Issa et al., 2017a). For this purpose, many materials(Kavun et al.,
2022) that can be used in radiation shielding have been developed and
the most widely used one is Lead (Pb). However, lead is not preferred
much today due to its harmful effects (Akman et al., 2023). Therefore, as
an alternative to lead, radiation shielding materials such as concrete,
alloy, rock, polymer and glass are being researched by scientists
(Al-Buriahi et al., 2020; Saudi et al., 2021). Glass can be used as a

radiation shield instead of traditional materials such as rocks, soil,
blocks, concretes, compounds and polymers because the glasses have
high corrosion resistance and are environmentally friendly (El-Malla-
wany et al., 2020b). In addition, glass has many advantages, such as high
stability, high transmittance for visible light, low cost and easy synthesis
(Rammabh et al., 2020c, 2021). The composition of the glasses can be
easily changed and used in many scientific and technological applica-
tions (Boukhris et al., 2020c). Radiation shielding properties can be
improved by adding various compounds to the glasses (Alalawi, 2020).
Oxide glasses attract the attention of researchers due to their many
structural advantages (Boukhris et al., 2020b; El-Denglawey et al., 2021;
Sayyed et al., 2018). The radiation shielding abilities of glass structures
were investigated by doping with various metal oxides such as Li;O
(Al-Hadeethi and Sayyed, 2020a), MgO (Hanfi et al., 2021), ZnO
(Khodadadi and Taherian, 2020), NiO (Boukhris et al., 2020a), NayO
(Alzahrani et al., 2021a), GeO (Al-Hadeethi et al., 2020), WO3 (Al-Bu-
riahi et al., 2021), K30 (Kilicoglu and Tekin, 2020), LagO3 (Issa et al.,
2020), NbyOs (Liu et al., 2021), Gd203 (Al-Hadeethi and Sayyed, 2020b)
and Smy03 (Abouhaswa et al., 2021).

ZnO has good thermal stability and increases the durability of glass
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matrices (Kaky et al., 2020). Zinc oxide (ZnO) is known for lowering the
melting temperature in producing oxide glasses. Glasses doped with ZnO
in various proportions are of interest for radiation shielding research
(Singh et al., 2014). For instance, Rammah et al. investigated the gamma
radiation shielding effect of the increased ZnO doping in the
TeO2-Li20-ZnO glass matrix (Rammah et al., 2020b) Abd-Allah et al.
Glasses were synthesized by a traditional melting method by increasing
the ZnO ratio in the chemical composition of ZnO-BaO-PbO-B203. And
they studied the radiation protection parameters theoretically and
experimentally. These parameters show that the prepared glass samples
exhibit better shielding properties than standard concrete (Abd-Allah
et al., 2019). Zinc tellurium glasses were synthesized by Shams et al. by
increasing the zinc oxide ratio in their chemical composition. Mass
attenuation coefficient (MAC), half value layer (HVL) and mean free
path (MFP) for glass samples have been measured. Experimental MAC
was found to increase with increasing ZnO concentration. HVL and MFP
decreased with increasing ZnO concentration (Issa et al., 2017b).
Although work has been done to investigate radiation attenuation in
many glass samples, there is a need to improve the radiation shielding
properties of glasses. For this reason, glass samples were produced by
increasing the zinc oxide ratio in its composition. Also, Radiation
shielding parameters such as LAC, MAC, HVL, TVL and MFP values of
produced glass samples were investigated.

2. Materials and method
2.1. Preparation of ZnO nanoparticles

The combustion method is preferred because it is fast, simple and
economical for synthesizing zinc oxide nanoparticles. Urea was used as a
fuel to synthesize nanostructured ZnO. 1 unit of urea was used for five
units of zinc nitrate. Zinc nitrate and urea were carefully mixed me-
chanically. The mixture was transferred to a glass crucible. It was left in
the oven at 500 °C for 4 h with the mixture in the crucible. Then the
obtained ZnO was ground in a mortar.

2.2. Glasses fabrication

Glass samples were prepared using the melt-quenching method. The
glass samples of (55_xH3BOs: x ZnO: 29 NagCOs: 15 BaCOs: 19 NaBFy,
where x = 0, 2.5, 5, 7.5 and 10 mol%, were prepared. First, the chemical
reagents were thoroughly mixed. The chemicals were mixed in specific
proportions, as shown in Table 1. Mechanically mixed powder mixtures
were transferred to alumina crucibles. The chemical reagents in the
alumina crucibles were put into the oven for 180 min and the temper-
ature of the oven was adjusted to 1100 °C. During the melting of the
samples, the melt was stirred frequently to avoid bubble formation.
Then the melting mixtures were poured into steel molds, placed in
another furnace at 300 °C, and annealed for 3 h. At the end of this
period, it was left to cool on its own. All glass samples produced showed
good transparency, and the synthesized glass samples are illustrated in
Fig. 1.

Table 1
Chemical composition of the glasses.

Applied Radiation and Isotopes 198 (2023) 110858

Fig. 1. Synthesized glass samples.

2.3. Characterization

Microstructure and size distribution of ZnO nanoparticles was
investigated using high-resolution transmission electron microscopy
(HR-TEM) with JEOL JEM 2100, UHR instrument. The structural
properties of ZnO nanoparticles and glass samples were analyzed by X-
ray diffraction (XRD). Philips X’Pert PRO XRD with Cu Ko radiation (A =
0,154056 nm, tuned at 40 kV and 30 mA) was used to determine the
XRD pattern. The optical properties of ZnO nanoparticles were recorded
with a UV-Visible Spectrophotometer (Shimadzu UV 1800) at room
temperature.

2.4. Radiation measurements

As shown in the experimental setup in Fig. 2, gamma radiation
interacting with the material interacts with the material according to the
Lambert-Beer law (Kavun, 2019; Kavun et al., 2019; Krane and Lynch,
1989; Singh et al., 2008). According to Eq. (2), gamma radiation inter-
acting with the material is absorbed in the material to some extent.

pin(Z) /ot

In Eq. (2), p is the linear attenuation coefficient in this equation, x is
the material thickness, I is the number of gamma-rays reaching the de-
tector after interacting with the material, and I is the number of
gamma-rays reaching the detector without interacting with the material.

The standard deviation of p is calculated using equation (3) (Krane,

@

Fig. 2. Experimental Schema of radiation shielding measurements.

Glass code Composition (mol%) Thickness (mm) Density (g/cms)
ZnO H3BO3 NaCO3 BaCO3 NaBF,4

Zno0 0 55 20 15 10 5.66 + 0.11 2.892

Zn2.5 2.5 52.5 20 15 10 5.71 £ 0.09 3.067

Zn5 5 50 20 15 10 5.58 + 0.02 3.030

Zn7.5 7.5 47.5 20 15 10 5.47 + 0.09 3.150

Zn10 10 45 20 15 10 5.76 + 0.05 3.145
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1991a).

27:1 (w: — ﬁ)z 3)
N -1
where yu; represents each measurement and zi is the average of the
measurements. Also, the measurement number of every sample is rep-
resented by N (Krane, 1991Db).

The mass attenuation coefficient of a material characterizes how
easily it can be penetrated by a radiation beam and it has given by Eq.
(4). (Kaewjang et al., 2015):

== m(0) (e /o) @

P

here, w; is the weight fraction and p is density. The formulas that we can
use to determine the required material thickness for halving the incident
gamma radiation Half Value Layer (HVL) and for reducing it to one tenth
(Tenth value layer-TVL) are given in Egs. (5) and (6), respectively
(Weibler, 1993) (Sayyed, 2016):

In2
Half Value Layer (HVL) = HT (cm) 5)
Tenth Value Layer (TVL) = In10 (cm) (6)
U

Mean Free Path (MFP) is the average distance the gamma-ray moves
without interacting with the material, and it is given in Eq. (7) (Singh
et al., 2014):

1
Mean Free Path (MFP) :; (cm) )

The irradiation of materials has been performed with 1 mCi ®°Zn and

Applied Radiation and Isotopes 198 (2023) 110858

89Co point radiation sources at 1165 keV, 1173 keV and 1333 keV
gamma energies, respectively. NalI(T]) detector systems have been used
(ORTEC® 905-4) to detection of gamma-rays (Breur, 2013). As seen in
Table 1, the thicknesses of the glasses are very close to each other. In this
experimental setup, point radiation sources (1 mCi ®°Zn and %°Co) and
shielding material sample were placed on both sides of the @ 2 mm
window in the collimator opposite the detector and the measurement
was made. The statistical error was calculated from ray-sum measure-
ment and thickness measurement. Accordingly, the total standard error
was determined by combining the errors made for the ray-sum and
thickness measurements (Issa, 2016).

3. Results and discussion

Zinc oxide nanoparticles are obtained by a simple combustion
method. This method is easy to handle and suitable for mass production.
The crystalline properties of the obtained ZnO nanoparticles are inves-
tigated with X-ray diffraction methods, and the obtained results are
given in Fig. 3. In this figure, the reddish lines that are intercepted with
the x-axis represent the reference pattern and the intensities of the
reddish lines are also proportional to the intensities in the reference
pattern. The bluish lines are the X-ray diffraction patterns of the pro-
duced ZnO nanoparticles. As shown in the figure, the diffraction peaks of
the synthesized ZnO and the reference diffraction pattern are quite
compatible with each other. The obtained ZnO has a hexagonal structure
and the peaks are compatible with ZnO shown with reference code PDF:
01-079-0207.

TEM image of synthesized ZnO nanoparticles is illustrated in Fig. 4. It
is apparent from this image that synthesized particles are slightly
agglomerated, and the morphological size of nanoparticles is close to
each other. The particle size distribution of the obtained ZnO nano-
particles is given in Fig. 5. The average diameter of ZnO particles is

Fig. 3. XRD pattern of ZnO nanoparticles.
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Fig. 4. TEM image of the ZnO nanoparticles.

Fig. 5. Particle size distribution of the synthesized ZnO nanoparticles.

Fig. 6. XRD pattern of glasses.
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calculated as 23.69 nm.

The X-ray diffraction pattern of the obtained glass samples is given in
Fig. 6. ZnO nanoparticles do not affect the amorph nature of the syn-
thesized glass sample. All samples have a lock of crystalline phase that
indicates obtained samples are amorphous.

FTIR spectroscopy provides information about the interactions that
can occur between the borate matrix and metal ions. Examination by
FTIR spectroscopy helps us to get an idea of the ionic transport in the
glass matrix. It is assumed that the vibrations of the various structures
within the glass web are independent of each other (Elbashar et al.,
2021). FTIR graphs of glass samples are shown in Fig. 7. It is thought that
the bands around the 530 cm ! and 730 cm ™! peaks are caused by ZnO,4
vibrations. These vibrations can be attributed to Zn-O/Zn-O-Zn vibra-
tions (Rammah et al., 2020a, 2022). Bands saw around 875 em~! and
1035 cm ™! can be attributed to the B-O stretching vibrations of the BO4
units (Bashar et al., 2019; Elbashar et al., 2021). The band observed
around 1343 cm™! can be attributed to the BO; unit at B-O stretching
vibrations (Bashar et al., 2019; Pal Singh and Singh, 2011).

Fig. 8 shows the Linear Attenuation Coefficient (LAC) values. Here,
according to the measurements performed at 1165 keV, while the Linear
Attenuation Coefficient (LAC) values obtained in glasses containing 0%
ZnO was 0.31161 =+ 0.0533 cm ™, this value increased to 1.02098 +
0.1221 em ™! until 10% ZnO contribution. It started from 0.29865 +
00.0461 cm ! at 1173 keV and increased to 0.90515 + 0.1172 cm ™" in
10% ZnO doped glasses. Finally, it began from 0.23555 =+ 0.0486 cm ™
at 1333 keV and reached a value of 0.67721 + 0.0986 cm ™! for the same
10% ZnO ratio. Here, the R? values obtained according to the changing
energy values were obtained as 0.992, 0.983 and 0.884 respectively.
Compared with other shielding materials, LAC value was obtained as
0.0078 = 0.001 cm ™~ for 0% B-doped ZnO thin films, while it is 0.0106
+0.0003 cm™! for 10% B-doped ZnO coated thin films (H. Eskalen et al.,
2020).

However, the LAC value started from 0.0297 + 0.0015 em ! in
graphitic carbon nitride (gCN) samples containing 0% Thiourea at 1173
keV and increased to 1031 =+ 0.0052 cm ™" until the Thiourea reached
100%. These LAC values increase from 0.0254 =+ 0.0013 cm ™ to 0.1566
+0.0078 cm ! at 1333 keV (Kavun et al., 2023). As another comparison
example, LAC values changes from 0.80 + 0.008 cm ™! to 0.86 = 0.006
cm ! at 1173 keV in Al-B-Mg alloy at 1173 keV (Yaykaslh et al., 2022a).

Half-Value Layer (HVL) values obtained by using LAC values in
equation (5) are shown in Fig. 9. According to the energy value of 1165
keV, the HVL value of the glass samples with 0% ZnO doped glass is

Fig. 7. FTIR spectra of glass samples.
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ranges. In addition, when photons with high energy values enter the
material, a significant amount of photons can penetrate the material
(Ezzeldin et al., 2023; Madbouly et al., 2022a). Glasses were produced
by adding ZnO at various rates in the prepared glass content. The
amount of H3BO3 decreases with the increase of ZnO contribution in
amorphous glasses. Thus, the density of the glass increases. As shown in
Fig. 8, the LAC results improve as the ZnO concentration of the glass
system increases. The reason for the positive effect in the obtained
values is that the increase in the weight fraction and the presence of ZnO
rises the effective atomic numbers as well as the densities. It could be the
photoelectric effect that favors photons with low photon energy and
attenuators with high atomic number (Madbouly et al., 2022b; Uosif
et al., 2023).

Tenth-Value Layer (TVL) values have been calculated via equation
(6) by using LAC values and results can be seen in Fig. 10. For the 1165
keV energy, the TVL value of 0% ZnO doped glass is 7.3893 cm,
decreasing to 2.2552 cm at 10% ZnO ratio. At the 1173 keV energy, 0%
ZnO doped glass is 7.7100 cm and the TVL value decreased to 2.5438 cm
for 10% ZnO ratio. Lastly, to the 1333 keV energy, 0% ZnO doped glass
is 9.7753 cm and 3.4001 cm at 10% ZnO. This TVL value is 89.291 cm in

Fig. 8. Linear attenuation coefficient (LAC) values. 0% B-doped ZnO thin films and 65.601 cm in 10% B ratio (Eskalen et al.,
2020b). The TVL values changed between 77.37 cm and 22.32 cm in
gCN samples according to the Thiourea ratio at 1173 keV (Kavun et al.,
2023). Also, TVL values decreased from 2.87 to 2.66 cm for Al-B-Mg
alloy at 1173 keV gamma energy (Yaykasl et al., 2022a).

The Mean Free Path (MFP) values express the path that the gammas
emitted from the source take in the material by interacting with the
material, and the MFP values calculated in this study are shown in
Fig. 11. The MFP values were calculated using the LAC values in equa-
tion (7), the values obtained for 1165 keV started from 3.2091 cm and
decreased up to 0.9794 cm with the increase of ZnO ratios in these glass
samples. For 1173 keV energized gamma, MFP values are changed be-
tween 3.3484 cm and 1.1047 cm according to the 0%-10% ZnO ratio in
glass samples. Also, to the 1333 keV energy, MFP values changed from
4.2453 cm to 1.4766 cm for 0% up to 10% ZnO doped glass samples.
Here, to compare with B-doped ZnO coated thin films (Eskalen et al.,
2020b), the MFP value is 128.82 cm for 0% B and this value drops to
94.64 cm at 10% B. The MFP value was obtained as 33.6028 cm when
the Thiourea ratio was 0% at an energy of 1173 keV, and as 9.6961 cm
when it was 100%. In the same way, 39.3497 cm and 6.3844 cm were
obtained at 1333 keV energy (Kavun et al., 2023). The values measured
in alloys vary between 1.25 cm and 1.15 cm for 1173 keV gamma energy
(Yaykash et al., 2022a).

Fig. 9. Half Value Layer (HVL) values.

2.2244 cm and it decreases to 0.6789 cm at 10%. For 1173 keV gamma
energy, 0% ZnO doped glass is 2.9426 cm and similarly 1.0235 cm at
10% ZnO doped glass. Lastly, to the 1333 keV energy, 0% ZnO doped
glass is 2.3209 cm and 0.7657 cm at 10%. According to the obtained
these HVL results, it can be seen that our ZnO-doped glass samples are
much more effective for radiation shielding than different glass samples
that are investigated by ALMisned et al. (2021). While the HVL value
was found to be around 4-5 cm in studies conducted by ALMisned et al.
(2021) in various energy ranges, it was seen that these values were
obtained much better and lower in our study. To compare with the
literature data, HVL value is 89.291 cm in 0% B-doped ZnO thin films
and 65.601 cm in 10% B-doped ZnO thin films (Eskalen et al., 2020a).
Also, this LAC value similarly decreased from 23.2917 in gCN samples
containing 0% Thiourea at 1173 keV to 6.7208 until the Thiourea was
100%. The LAC values decreased from 27.2752 to 4.4253 at 1333 keV in
gCN samples (Kavun et al., 2023). As another example, it changes from
0.86 to 0.80 at 1173 keV in the Al-B-Mg alloy (Kavun et al., 2023;
Yaykasli et al., 2022a). This behavior can be explained as follows,
because of the photoelectric process at low energy values, small density

is required for glasses, and high density is required for medium energy
Fig. 10. Tenth value layer (TVL) values.
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Fig. 11. Mean free path (MFP) values.

The mass attenuation coefficient (MAC) is seen in Fig. 12. The MAC
values for 1165 keV energized gammas took for 0.1077 cm?/g value for
0% ZnO doped glasses. These values increased up to 0.3246 cm?/g for
10% ZnO doped glass samples. At 1173 keV energy, ZnO rate increased
in glasses from 0% to 10%, and MAC values obtained from 0.1032 cm?/g
to 0.2878 cm?/g, respectively. Finally, the MFP value for 1333 keV
energy ranged from 0.0814 cm to 0.2153 cm. The obtained experimental
MAC results have been compared with the bismuth borate glasses sys-
tems, which were the MAC values around 0.06 cmz/g (Singh et al.,
2002) but in this study, that is found between 0.1098 and 0.3490.
Moreover, in theoretical and experimental study related to heavy
metal-containing borate glasses, the MAC values were found to be
around 0.06 cm?/g (Sayyed et al., 2019); this also implies that our re-
sults are more acceptable than the mentioned literature. In the gCN
study, at 1173 keV energy, the Thiourea ratio ranged from 0% to 100%
and obtained values found 0.0203 + 0.0192 cm?/g and 0.1327 +
0.0361 cm?/g, respectively. At 1333 keV gamma energy, these MAC
values are between 0.0173 =+ 0.0308 cm?/g and 0.1986 = 0.0598 cm?/g
for same Thiourea ratio (Kavun et al., 2023). To compare with another
alloy study in the literature, it varies between 0.3381 + 0.0099 cm?/g
and 0.3656 + 0.003 cmz/g at 1173 keV energy (Yaykasl et al., 2022a).

4. Conclusion

In this study, ZnO nanoparticles are simple and one-pot synthesized
by using the combustion method. The structural and morphological
properties of obtained ZnO are examined with X-ray diffraction and TEM
analysis, the obtained results show that ZnO nanoparticles are hexago-
nal in structure with an average diameter size of 23.69 nm.

Radiation shielding parameters of different percentages (0, 2.5, 5,
7.5, 10%) synthesized ZnO nanoparticles doped glasses were investi-
gated for 1165 keV, 1173 keV and 1333 keV gamma energies.

The linear attenuation coefficient (LAC) at 1165 keV gamma energy
was obtained between 0.31161 + 0.0533 cm ™! and 1.02098 + 0.1221

m™. It was obtained between 0.29865 % 0.0461 cm ™ and 0.90515 +
0.1172 cm™! for 1173 keV gamma energy. Finally, it was observed that
these LAC values were obtained between 0.23555 + 0.0486 cm ™! and
0.67721 4 0.0986 cm ! for 1333 keV, and it was increased with the ZnO
ratio in the glasses at all energy values. These LAC values obtained were
used to calculate other shielding parameters.

According to these results, HVL, TVL, MFP and MAC values gave
effective results at all these energies. Here, measurements were made in
1165 keV, 1173 keV and 1333 keV different energies, and it was
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Fig. 12. Mass attenuation coefficient (MAC) values.

observed that 10% added to glass in all of them produced more effective
results. As can be seen from all the results obtained, 10% ZnO added
glasses give more effective results in radiation shielding. Thus, it has
been demonstrated that ZnO doped glasses can be used effectively for
radiation shielding.
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Graphitic Carbon Nitride (gCN) can be used in many fields such as sensing, solar energy and device construction.
In this study, gCN obtained from urea and thiourea precursors were produced to determine the radiation
shielding properties. The structural features and optical properties of these produced samples were investigated.
Also, the radiation shielding properties were determined experimentally. Here, Linear Attenuation Coefficient

values were determined experimentally and Mass Attenuation Coefficient, Half-Value Layer, Tenth-Value Layer
and Mean Free Path values were calculated employing this value. According to obtained results, it is seen that
obtained gCN can be used effectively in radiation shielding.

1. Introduction:

Today, in parallel with the process in technology, the applications
that use radiation sources have been enormously increased [1]. For
example, two common types of an ionizing radiation sources, gamma
and X-rays, have been used in nuclear power plants, radiological im-
aging, nuclear medicine, agriculture, research centers and industry [2].
Although radiation provides advantages to people in many different
areas, especially in healthcare, it is known that it has a negative effect on
human and living health depending on the exposure time [3]. Tradi-
tionally, lead and materials that contain lead element are commonly
used for radiation protection since lead provide extraordinary shielding
capability, but lead is toxic material [4].Therefore, today functional
materials for radiation shielding are more important than ever before.
Scientists are making extraordinary efforts to produce materials with
good radiation shielding properties. Some of these materials are alloys,
glasses, thin films and polymer composites [5-10].

Another method for achieving new shielding materials other than
changing material types the composition of materials could be changed.
In literature, the specific materials shieling capability enhanced with
introducing of nanoparticles [11]. Recent studies reveal that, radiation
shielding performance of materials that contain Bi,O3 nanoparticles is
better than bulk Bi;O3 [12]. Another study show that nano-structured

ZnO nanoparticles enhanced shielding performance of ball clay and
the use of nanoparticle is more promising than micro ZnO [13]. The
micron and nanosized PbO are tested and the result shows that the ra-
diation shielding performance of nanosized PbO is better than the
micron sized PbO [14].

Graphitic carbon nitride (gCN) is 2D material and known as a
polymeric semiconductor with unexpected thermal and chemical sta-
bility[15]. It has unique applications in electronics, biomedicine, sen-
sors and CO, separation and utilization [16] because of non-toxic
nature, biocompatible, low cost, high area, easy to obtain and feasi-
bility in surface engineering [17,18]. The gCN is a mainly lightweight,
non-toxic and inexpensive semiconductor material. This type of mate-
rials can convert high energetic particles or photon into electronic
signal; thusthey have potential use in dosimetry and X-ray detection. It is
critical to evaluate, the attenuation coefficients of semiconductor ma-
terials used in computing photon penetration in shielding materials [19-
21]. In this experimental work, gCN have been synthesized by simple
combustion methods by using two different precursors. Structural,
morphological and thermal properties of it characterized. The precursor
dependent radiation shielding performance of the obtained gCN was
studied.

The use of gCN as photocatalysts has increased recently. It has been
obtained as a result of the search for metal-free materials that can absorb
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Fig. 1. Experimental Schema of radiation shielding measurements [25].

efficiently within the solar spectrum and use solar energy at the
maximum level. Most of the solar spectrum (46%) falls into visible light,
while only 5% falls in the ultraviolet region. A large number of gCN-
based nanocomposites have been developed as photocatalysts. It is
considered suitable for low energy activation (2.7 eV) with seven
different phases. Its relatively low bandgap allows it to absorb light. This
low band gap of gCN could be as a result of nitrogen and sp2- hybridized
carbon, which resulted in the electronic structures that contain n-con-
jugated systems [22].

In this study, the gCN samples of Urea (190—x)-Thiourea(y), where x =

Chemical Physics Letters 811 (2023) 140246

0, 25, 50, 75, and 100 samples, were prepared to investigate radiation
shielding and optical properties characterization. For this reason, Linear
Attenuation Coefficients (LAC) (u) of these samples have been obtained
using an experimental measurement system. To reveal gamma shielding
properties, Half-Value Layer (HVL), Tenth-Value Layer (TVL), Mean
Free Path (MFP) and Mass attenuation Coefficients (MAC) have been
calculated via p value. In addition, XRD, SEM, FTIR and BET adsorption
analyzes of these samples were also carried out.

2. Materials and method
2.1. Preparation of gCN

The gCN (graphitic carbon nitride) samples were synthesized from
Urea and Thiourea by a thermal decomposition method. Urea and
Thiourea were bought in high purity from Tekkim chemistry and Merck.
The gCN samples of Urea (100—x) - Thiourea x, where x = 0, 25, 50, 75 and
100 were prepared. Typically, samples (30 g) were placed in a covered
ceramic crucible. The crucible was then placed in an oven and heated to
550 °C at a heating rate of 3 °C per minute under atmospheric pressure
in the presence of air. It was kept at 550 °C for 4 h. After heating, the
crucible was allowed to cool to room temperature in the furnace. Sam-
ples synthesized from urea and thiourea were labelled as Ujgg, U75T2s,
UsoTs0, UasT7s and Tgg, respectively.

2.2. Characterization

SEM micrograph for all synthesized gCN samples were examined by
SEM JOEL microscope at the Eastern Anatolian High Technology
Research Center of Atatiirk University (DAYTAM, Erzurum, Turkey).

Fig. 2. XRD pattern of gCN nanoparticles (a) with increasing thiourea concentration, (b) comparison of precursor urea and thiourea.

Fig. 3. SEM image of the gCN nanoparticles (a) Ujgg (b) U75Tas (¢) UsoTsp (d) UasTys () Tygo-
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Fig. 5. Nitrogen adsorption-desorption isotherm along with BET adsorption
isotherm in the inset for U;oo sample.

The structural properties of obtained samples were investigated by X-ray
diffraction (XRD). Philips X’Pert PRO XRD with Cu Ka radiation (A =
0,154056 nm, tuned at 40 kV and 30 mA) was used to determine the
XRD pattern. The Brunauer-Emmett-Teller (BET) specific surface area

s 3 o Fig. 8. Half-Value Layer values of gCN samples at 835 keV, 1173 keV and 1333
of the carbon was measured by obtaining nitrogen adsorption isotherms

keV gamma energies.
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Fig. 9. Tenth-Value Layer values of gCN samples at 835 keV, 1173 keV and
1333 keV gamma energies.

Fig. 10. Mean Free Path values of gCN samples at 835 keV, 1173 keV and 1333
keV gamma energies.

using a Tristar-II 3020 Micromeritics instrument at 77.3 K. For the BET
measurements, 0.2-0.3 g of the samples were taken and were subjected
to degassing at 200 °C for about 3 h prior to the testing [23].

2.3. Radiation measurements

The radiation attenuation properties of materials are determined by
Lambert-Beer’s law. The experimental setup shown in Fig. 1 was used for
these measurements. The linear attenuation coefficient (LAC) has been
given in Eq. (1) as;

p zlnGo)/( —x)(em™") ¢3)

x is the thickness in the Lambert-Beer law [24], p represents the
absorption coefficient. I is the gamma number that reaches the detector
after interacting with the material and I is the number of gamma that
reaches the detector without interacting with the material. The standard
deviation of these experimental measurements is found in Eq. (2) [24];

Bu belge, giivenli Elektronik imza ile imzalanmstir.
Evrak sorgulamasi https: //turklye.gov.tr/ebd"eK—5637&eD—BSCNMKHLEJ&eS—38701 adresinden yapilabilir.

Chemical Physics Letters 811 (2023) 140246

(2)

where y; is each measurement, /i is the average of the measurements, and
N is the number of measurements. The mass attenuation coefficient
(MAC) [5] expresses the amount of radiation absorbed by the unit mass
and is given in Eq. (3).

m=5=2wi(), (ecm?/g)(3).

As can be seen Eq. (3), p is the density and w; is the weight fraction.
The material thickness required to reduce the number of incoming
gammas by half is Half Value Layer (HVL), the material thickness
required to reduce it to one-tenth is Tenth Value Layer (TVL), and the
path that gammas can take in the material is Mean Free Path (MFP) [5].
These are given in Eq. 4-6.

In2

Half Value Layer (HVL) :%(cm) “4)
In10

Tenth Value Layer (TVL) :7(cm) 5)
1

Mean Free Path (MFP) :ﬁ(cm) (6)

The measurements have been performed using >*Mn and %°Co point
radiation sources with 1 pCi activity and 835, 1173 and 1333 keV
gamma energies, respectively. To detect ionizing gamma photons
experimentally, NaI(T1) detector (ORTEC® 905-4) based gamma spec-
trometer have been used as seen in Fig. 1.

3. Results and discussion

The structural properties of the gCN samples were analyzed by X-ray
diffraction (XRD) and the XRD patterns are given in Fig. 2. The XRD
patterns of all samples are similar. The strong peak at 20 = 27.3° cor-
responds to the (002) plane of gCN, which is attributed to the stacking
of the conjugated aromatic layers [26,27]. For the Uygo sample, there is a
broadening at this peak and the peak intensity is lower. The peak in-
tensity of the samples increased with thiourea doping in the samples.
This can be attributed to its better crystallinity. Similar XRD peak in-
tensity change is also found in literature [28,29].

Scanning electron microscopy (SEM) was used to investigate the
morphology of all samples. SEM images of all samples are shown in
Fig. 3. A layered structure similar to graphene is observed in all syn-
thesized samples [30]. When the morphological information obtained is
combined, gCN synthesized from urea has a flatter and layered structure
compared to gCN synthesized by doped thiourea.

FTIR analysis was performed in the range of 450-4000 cm™! to
examine the chemical states of the synthesized gCN samples. FTIR pat-
terns are presented in Fig. 4.a. The broad absorption peak at 3000-3600
em™! is attributed to the stretching vibration belonging to the N-H
group. The peaks in the 1200-1700 cm ' region are characteristic
stretching modes of CN heterocycles. The sharp peak seen at 810 cm ™
corresponds to the typical breathing mode of triazine units [31,32]. The
TGA graph has presented in Fig. 4.b. gCN is known as the most stable
allotrope of carbon nitride. It starts to decompose around 500 °C and
completely decomposes at 600 °C. The samples exhibited fairly good
temperature resistance up to 620 °C. For this reason, it is suitable for
application at normal temperatures and even at high temperatures [30-
32]. The highest temperature resistance of the samples was observed for
UasT7s.

In the process of synthesizing graphitic carbon nitride from different
precursor sources, under the same processing conditions; the change in
the properties of the final products is mainly originated from the pre-
cursors used have different oxygen and sulfur heteroatoms. Increasing



Y. Kavun et al.

Chemical Physics Letters 811 (2023) 140246

Table 1
Radiation shielding parameters of gCN samples.
Mn54 835 keV p(em™1) Density HVL (cm) TVL (cm) MFP (cm) Hm (cm?/g)
(g/cm®)

0% Thiourea 0.0212 + 0.0011 1.4651 32.6922 108.6012 47.1649 0.0144 + 0.0361
25% Thiourea 0.0456 + 0.0023 1.4705 15.1756 50.4123 21.8938 0.0310 £ 0.0279
50% Thiourea 0.1084 + 0.0054 1.5144 6.3936 21.2389 9.2240 0.0715 £ 0.0076
75% Thiourea 0.1487 + 0.0074 1.4636 4.6587 15.4758 6.7211 0.1016 + 0.0074
100% Thiourea 0.1696 + 0.0085 0.7887 4.0869 13.5765 5.8962 0.2150 £ 0.0641
C060 1173 keV

0% Thiourea 0.0297 + 0.0015 1.4651 23.2917 77.3733 33.6028 0.0203 £ 0.0192
25% Thiourea 0.0482 + 0.0024 1.4705 14.3772 47.7600 20.7419 0.0327 £+ 0.0129
50% Thiourea 0.0744 + 0.0037 1.5144 9.3085 30.9221 13.4293 0.0491 + 0.0047
75% Thiourea 0.0878 + 0.0044 1.4636 7.8898 26.2094 11.3826 0.0600 + 0.0007
100% Thiourea 0.1031 + 0.0052 0.7887 6.7208 22.3262 9.6961 0.1307 + 0.0361
Co60 1333 keV

0% Thiourea 0.0254 + 0.0013 1.4651 27.2752 90.6061 39.3497 0.0173 £ 0.0308
25% Thiourea 0.0427 + 0.0021 1.4705 16.2249 53.8979 23.4076 0.0290 + 0.0249
50% Thiourea 0.0954 + 0.0048 1.5144 7.2584 24.1118 10.4716 0.0630 + 0.0079
75% Thiourea 0.1266 + 0.0063 1.4636 5.4729 18.1805 7.8957 0.0865 + 0.0038
100% Thiourea 0.1566 + 0.0078 0.7887 4.4253 14.7006 6.3844 0.1986 + 0.0598

pyrolysis temperatures enhance surface areas of the synthesized gCN
[33]. The surface area of melamine/urea precursors and urea/thiourea
precursors have been examined both studies demonstrated that the
surface areas increased with increasing concentration of urea [33,34]. In
these pelletized materials, the gap between structures with high surface
area is greater, which will reduce the effective absorption area [35]. A
multi-point BET plot and the N3 adsorption-desorption isotherm for the
Ujpo gCN sample are given together in Fig. 5. It can be seen that the
adsorption curve of the gCN sample has shifted upwards. This indicates
that it has a larger surface area. Different type IV isotherm is presented
with H3 type hysteresis loop in the high partial pressure range up to 1 for
U100gCN sample. This indicates that the sample has a mesoporous
structure. The specific surface area was found to be approximately 64
mz/g’ from the BET plots [36,37].

The Linear Attenuation Coefficients (LAC) of gCN (graphitic carbon
nitride) samples are shown in Fig. 6. Accordingly, the experimentally
determined attenuation values at 835 keV gamma energy were deter-
mined as 0.0212 + 0.0011 ecm ™! for Uygg, 0.0456 + 0.0023 cm™! for
U7sTas, 0.1084 + 0.0054 cm ™! for UsoTso, 0.1487 + 0.0074 cm ™" for
UysTys and 0.1696 + 0.0085 cm™! for Tigo contribution. When these
values were fitted, the R? value was obtained as 0.975. At 1173 keV
energy, these values were determined as 0.0297 + 0.0015 cm™*, 0.0482
+ 0.0024 cnfl, 0.0744 + 0.0037 Cmfl, 0.0878 + 0.0044 cm ™! and
0.1031 + 0.0052 cm™! in samples containing thiourea in the same
percentages, and at 1333 keV energy they were found as 0.0254 +
0.0013 cm ™%, 0.0427 + 0.0021 ecm ™}, 0.0954 + 0.0048 cm !, 0.1266 +
0.0063 cm ™! and 0.1566 + 0.0078 cm™! for thiourea at the same per-
centages. When the results obtained at these energy values were fit, the
R? value was obtained as 0.937 and 0.958, respectively.

In Fig. 7, the Mass Attenuation Coefficient (MAC) values obtained at
835, 1173 and 1333 keV of samples with different rates of urea and
thiourea at (0, 25, 50, 75 and 100%) are seen. Similarly, the values
obtained at 835 keV gamma energy were obtained as 0.0144 + 0.0361
cm?/g for 0%, 0.0310 + 0.0279 cm?/g for 25%, 0.0715 + 0.0076 cm?/g
for 50%, 0.1016 + 0.0074 cmz/g for 75% and finally 0.2150 + 0.0641
em?/g for 100%. R? values obtained when this value is fit are 0.913. It
was obtained as 0.0203 + 0.0192 cm?/g, 0.0327 + 0.0129 cm?/g,
0.0491 - 0.0047 cm?/g, 0.0600 + 0.0007 cm?/g and 0.1307 + 0.0361
cm?/g for Thiourea contribution in the same ratios at 1173 keV energy
and the R? value is 0.843. For the final energy value of 1333 keV, it was
determined as 0.0173 =+ 0.0308 cm?/g, 0.0290 + 0.0249 cm?/g, 0.0630
+ 0.0079 cm?/g, 0.0865 =+ 0.0038 cm?/g and 0.1986 + 0.0598 cm?/g.
The R? value of these data is 0.885.
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Half-Value Layer (HVL) values of synthesized samples are shown in
Fig. 8. Firstly, it was measured at 835 keV and according to the results
obtained, it was obtained as 32.6922 cm at 0% Thiourea contribution,
15.1756 cm at 25%, 6.3936 cm at 50%, 4.6587 cm at 75% and 4.0869
cm at 100% Thiourea contribution. At 1173 keV, these results were
found to be 23.2917 c¢cm at 0% Thiourea contribution, 14.3772 cm at
25%, 9,3085 cm at 50%, 7.8898 cm at 75% and 6.7208 cm at 100%
Thiourea contribution. Finally, at 1333 keV, it was obtained as 27.2752
cm at 0% Thiourea, 16.2249 cm at 25%, 7.2584 cm at 50%, 5.4729 cm
at 75%, and 4.4253 cm at 100% Thiourea.

Tenth-Value Layer values are shown in Fig. 9. Here, according to the
values measured at 885 keV, it was found to be 108.6012 cm at 0%
Thiourea contribution, 50.4123 cm at 25%, 21.2389 cm at 50%,
15.4758 cm at 75% and 13.5765 cm at 100% Thiourea contribution. At
1173 keV, these results were found to be 77.3733 c¢cm at 0% Thiourea
contribution, 47.7600 cm at 25%, 30.9221 cm at 50%, 26.2094 cm at
75% and 22.3262 cm at 100% Thiourea contribution. Finally, at 1333
keV, it was obtained as 90.6061 cm at 0% Thiourea, 53.8979 cm at 25%,
24.1118 cm at 50%, 18.1805 cm at 75%, and 14.7006 cm at 100%
Thiourea.

Fig. 10 shows the mean free path values of gCN samples. Values of
47.1649 cm at Uy o, 21.8938 cm at U;sTos, 9.2240 cm at UsTsg, 6.7211
cm at UysTys and 5.8962 cm at T1gg were obtained at 885 keV. At 1173
keV energy, it was obtained as 33.6028 cm in Ujgo contribution,
20.7419 cm in U75T55 contribution, 13.4293 c¢cm in UsyT5sq contribution,
11.3826 cm in Uy5T75 contribution and 9.6961 cm in Ty contribution.
Finally, at 1333 keV energy, 39.3497 cm was obtained in Ujg contri-
bution, 23.4076 cm in UysTy5 contribution, 10.4716 cm in UsgTso
contribution, 7.8957 cm in Uy5T75 contribution and 6.3844 cm in Tygg
contribution. All obtained results can be seen in Table 1.

To make a comparison, considering the HVL values obtained with
69Co point radiation source, for example, 7.43 cm value was obtained in
concrete [38], while this value was obtained as 7.8898 cm at 1173 keV
and 5.4729 cm in %75 thiourea doped gCN material. Also, TVL value of
this concrete is 24.68 cm [38], while this value was obtained as 26.2094
cm at 1173 keV and 18.1805 cm in %75 thiourea doped gCN material.

4. Conclusion

gCN (graphitic carbon nitride) can be used in many areas such as
sensing, biomedical applications, wastewater and environmental treat-
ment, solar energy use and device construction. In addition to these, it is
important to examine the radiation shielding properties of gCN. For this
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purpose, gCN synthesized from different ratios of urea and thiourea (0,
25, 50, 75 and 100%) were produced and their radiation shielding
properties were investigated. The radiation shielding properties of the
synthesized samples is examined at three different (885, 1173 and 1333
keV) gamma energies. According to the results obtained here, the Linear
Attenuation Coefficients of the samples increased as the amount of
thiourea in the obtained samples. Again, the Mass Attenuation Coeffi-
cient values of the samples increased with the increase in the amount of
thiourea. In the HVL, TVL and MFP calculations made using the LAC
value, these values decreased as the thiourea contribution in the pro-
duced materials. As can be understood from these results, it has been
determined that synthesized gCN provides effective results in radiation
shielding.
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ARTICLE INFO ABSTRACT

Keywords: Glasses are actively used in various fields, from industry to health. Especially, special doped glasses used in
Vanadium pentoxide radiation areas may vary depending on the type and energy of the radiation. Glasses made of high-density and
Glasf on shieldi effective radiation-absorbing materials generally provide adequate protection against X and gamma rays. As an
?gji\lanon shielding example, in this study, a 42.5P305-42.5B303-(15—x)Li20-xV205 (x = 0, 2.5, 5, 10 and 15) glass system was
XRD produced using the melt quenching technique. The obtained X-ray patterns indicated that lack of crystalline

peaks, verifying the glassy nature of all synthesized glass series. The glass transition temperatures and the glass
thermal stability were determined using a Differential Thermal Analysis (TGA). The glass transition temperature
and thermal stability was found to deteriorate with increasing V205 content. The radiation absorption properties
of these glass system produced were investigated with 384 keV, 1173 keV and 1333 keV energized gamma using
narrow beam transmission geometry. The Nal(Tl) detector system have been used to obtain y-ray spectra. Ac-
cording to the obtained mass attenuation coefficients () results, it has been determined that as the V2Os ratio
in the glass increases, it provides more effective results in radiation shielding. When the experimental results are
compared with the theoretical XCOM results, there are a good match between the values. Finally, the radiation
shielding properties of this produced glass system are compared with previously studied standard glasses to refer
to the superiority of the installed systems.

1. Introduction

Understanding the impact of radiation on human health is an
evolving field. Effective shielding is crucial to minimize radiation
exposure from natural and artificial sources. The key principle in radi-
ation shielding involves using a material that interacts significantly with
radiation particles, causing them to lose energy through various in-
teractions and ultimately be absorbed by the material (Knoll and Kraner,
1981) (Niksarlioglu et al., 2023) (Hannachi et al., 2023) (James E.
Martin and Tanir G, 2013). Glass, a rare and versatile substance, pos-
sesses qualities such as rigidity, brittleness, and high compression
resistance. It also exhibits resistance to chemical effects from air, water,
and various acids. Composed of inorganic substances fused at high
temperatures, glass primarily consists of alkalis, earthy bases, or

metallic oxides of silica. It is abundant in nature in forms such as silica,
flint, quartz, and sand to create glass, sand, alkali, and lead oxide must
be heated to high temperatures The mixture, when heated, undergoes
solvent action from fused alkali and lead oxide until it transforms into a
molten glass mass (Hlavae, 1983) (Holand and Beall, 2019) (Jeager,
1975).

Vanadium, possessing five outer valence electrons, shares chemical
similarities with nitrogen, phosphorus, arsenic, and antimony (Fritsch
et al., 1987). Much like nitrogen, it gives rise to oxides in states of five,
four, three, and potentially monovalent. Additionally, it exhibits a
propensity for the formation of various vanadates—ortho-, pyro-, meta-
and poly-, nearly as abundantly as the radicals formed by pentavalent
phosphorus. Notably, vanadium mirrors phosphorus in its tendency to
produce glassy vanadium pentoxide (Gaddam et al., 2021). In terms of
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Table 1
Chemical composition of the glasses.

Glass code Composition (mol%) Density (g/cm?)
V205 Li,O B,03 P,0s5

YO 0 15 42.5 42.5 2.472

Y1 2.5 12.5 42.5 42.5 2.473

Y2 5 10 42.5 42.5 2.482

Y3 10 5 42.5 42.5 2.497

Y4 15 0 42.5 42.5 2.521

Fig. 1. Image of produced glass samples.

appearance, compounds of vanadium bear a closer resemblance to
neighboring transition elements like Oria, iron, and notably, chromium.
Bivalent vanadium stands out as a potent reducing agent, giving rise to
salts with a distinctive lavender hue. In its oxide form, vanadium dioxide
acts as an insulator, effectively retaining indoor heat while allowing the
full spectrum of sunlight to permeate from the outside (Fritsch et al.,
1987; Shen et al., 2021). However, at elevated surface temperatures, it
undergoes a transformation into a metallic state, impeding the pene-
tration of heat-causing infrared solar radiation (Weyl et al., 1939;
Masayuki Yamane, 2004).

Boro-phosphate glasses find applications in nonlinear optics and
solid-state batteries. Among these, lithium borophosphate stands out as
a traditional yet highly acclaimed glass, particularly in the realm of
storage batteries, owing to its distinct advantages. These batteries serve
as essential energy storage solutions for both optical and electrical
equipment (Alrowaili et al., 2022). Moreover, lithium-borate glasses are
recognized for their capacity to maintain low production temperatures,
enhanced solubility, and improved thermal stability, thanks to the
robust ionic interactions among cations within the glass network. The
introduction of Li3O into these glasses leads to a transformation of
bridging oxygen into non-bridging oxygen. Consequently,
lithium-boro-phosphate glasses exhibit exceptional physical and chem-
ical stability, coupled with reliable voltage performance, making them a
valuable choice as solid electrolytes, especially due to their improved
ionic conductivities (Madhu et al., 2023a).

The fundamental principle of radiation shielding hinges on the ma-
terial’s capacity to engage extensively with radiation particles. Through
a series of interactions, these particles dissipate their energy, ultimately
leading to their absorption by the shielding material (Krane, 1991). The
LizO-B203-P20s5 glass series was synthesized and the influence of TeOy
on its radiation shielding properties was examined. The results
demonstrate that the incorporation of TeOs into the glass samples had a
beneficial impact on their nuclear protection capabilities was reported
(Susoy, 2020). Numerous studies have demonstrated the pivotal role of
transition metal oxides (TMOs) in the fabrication of glass. Among these,
vanadium oxide (V20s) stands out as an intriguing TMO, serving as a
conditioning agent to enhance the electrical, optical, and magnetic
properties of the resultant glasses (Rammah et al., 2020a). To improve
performance V305 -LioO— P05 glass system, the effects of incremental
doping with a transition metal oxide (V20s) on both the anticipated
nonlinear and linear optical parameters was examined (Ravisankar
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et al.,, 2019). Recently, it has been reported that boron-rich glasses
provide poorer radiation shielding than phosphate-rich glasses (Gomaa
et al., 2021). Another study reported that as the WO3 content in lithium
borate glasses increases, there is an observed increase in the mass
attenuation coefficient, effective atomic number, and stiffness values
(Uosif et al., 2020). Also, vanadyl lead phosphate glasses have the po-
tential to serve as an effective radiation shielding material was revealed
from the recent study (Rammah et al., 2020b).

In this investigation, a glass system comprising 42.5P;,0s, 42.5B503,
and (15—x)Lio0-xV,0s5 (with x values of 0, 2.5, 5, 10, and 15) was
fabricated through the melt extinguishing system technique. The pro-
duced glass system underwent irradiation using a '3*Ba and %°Co point
source with 1 mCi activity. Gamma spectra with energies of 384 keV,
1173 keV, and 1333 keV were subsequently measured utilizing a NaI(T1)
detector (Kavun et al., 2022). Comparison of the experimental outcomes
with those obtained from the XCOM simulation code (Berger and Hub-
bell, 1987), reveals a strong alignment between the values. Finally, the
radiation shielding properties of the newly developed glass system are
juxtaposed with those of previously investigated standard glasses,
illustrating the superiority of the implemented systems.

2. Material and method
2.1. Glasses preparation

The well-established melt-quench process was employed to fabricate
V205 -doped glasses with varying compositions: x V205 - (15-x) LizO —
42.5 B,03 —42.5 P,0s, where x took values of 0, 2.5, 5, 10, and 15 mol %
denoted as YO, Y1, Y2, Y3, and Y4, respectively. The components, along
with their respective quantities as listed in Table 1, were meticulously
blended. This amalgam was then transferred into alumina crucibles,
which were subsequently placed in the furnace, set at 1150 °C.
Throughout the melting process, continuous agitation was maintained
to prevent the formation of bubbles. The resulting melts were poured
into steel molds and transferred to a 400 °C furnace for annealing, a
process that lasted for 4 h before allowing natural cooling. In Fig. 1,
visual representations of the manufactured glass samples are presented.

2.2. Characterization

Structural characterization of the synthesized glass samples was
carried out by XRD device. The amorphous structure of the glasses was
obtained by the X-ray diffractometer (Philips X’Pert PRO, Netherland)
using Cu-ka radiation source (A = 1.54 A). The microhardness of the
glass samples was investigated with a Shimadzu microhardness tester.
The Vickers microhardness of the glasses samples was measured using a
Vickers tester (Shimadzu HMV-2 Machine, Japan) for 15 s under a load
of 2.942N, and the average hardness was obtained from 10 indents. The
thermal properties were established by differential thermal analysis
(DTA-Perkin-Elmer Sapphire, USA) in a nitrogen atmosphere. A heating
rate of 15 °C/min was implemented in the temperature range of
200°C-900 °C. The chemical functionalities of the synthesized glasses
were investigated by FTIR analysis. The Perkin Elmer Spectrum 400
ilevice (USA) was used to obtain FT-IR spectra in the 4000 em™ - 400 cm

range.

2.3. y-ray spectra

Radiation measurements were carried out in the experimental setup
given in Fig. 2. Accordingly, the Linear Attenuation Coefficient (p) (LAC)
is calculated with Lambert-Beer’s law (Kavun et al., 2021) given in Eq.
(1). where Ij is the gamma measured without glass in the experimental
setup, and I is the gamma number measured after the glasses are placed
in the experimental setup. Although x is expressed as the thickness of the
glass here, the glass thicknesses are produced the same. instead, the
amount of V505 in the glass changes.
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Fig. 2. Experimental schema of radiation shielding measurements.

Fig. 3. Density and molar volume for the glass samples.

Fig. 5. X-Ray diffraction pattern of Y-series glasses.

Fig. 4. FTIR spectra of glass samples. Fig. 6. DTA graphs of Y series glasses.
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Table 2
DTA of the prepared glasses.
Sample Code Tg(°C) T(°C) Tp(°C) AT(°C)
YO 572 604 622 32
Y1 575 608 628 33
Y2 583 614 636 31
Y3 581 611 625 30
Y4 549 578 624 29

Fig. 7. Variation of micro-hardness for the 42.5P;05-42.5B303-(15—x)
Li;O-xV,05 glasses.

Fig. 8. p Values of V5,05 doped glasses.

,u—ln(llo)/(—x)(cm’l) @

By using obtained p, the standart deviation (Yaykasl et al., 2022) of
these experiments have been calculated via Eq. (2):

N ey
oo Z,-:/]V(pﬁ 1 7) @

Each measurement is represented by u; and the average of the
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Fig. 9. The Mass attenuation coefficient values of V,05 doped glasses.

measurements are represented by 7i. N is the number of measurements of
every glass sample. The amount of radiation absorbed by a unit mass is
found by the mass attenuation coefficient and this is given in Eq. (3)
(Kavun et al., 2021):

fon :% (em”/g) )

here, the linear attenuation coefficient is 4 and density is p.

The material thickness that halves the incoming gamma number is
calculated with Half Value Layer (HVL), and the material thickness that
reduces it to one-tenth is calculated with Tenth Value Layer (TVL). These
are given in Egs. (4) and (5), respectively (Eskalen et al., 2020). The path
taken by the gamma in the material is calculated with the Mean Free
Path (MFP) given in Eq. (6) (Eskalen et al., 2020).

In2
Half Value Layer (HVL) :n7 (cm) “4)
In 10
Tenth Value Layer (TVL) = e (cm) 5)
1
Mean Free Path (MFP) :/; (cm) (6)

13383 and %°Co point source with 1 mCi activity have been used for
irradiation and 384 keV, 1173 keV, and 1333 keV energized gamma
have been measured by using NaI(T1) detector system (ORTEC® 905-4)
(Yaykash et al., 2022). This experimental setup has been given in Fig. 2.

2.4. Density and molar volume

A 4-digit precise microbalance (Axiss ACN 220) was used to calculate
the density of the glass samples using Archimedes’ principle. The density
of the obtained glass was calculated by using the equation;

P =" XPiiguia (g/cm’) @

Wy — Wp

here, p, wa, wp and pyq,q is density of glass sample, weight of obtained
glass in air, weight of obtained glass in liquid and density of liquid
respectively. The molar volume (Vy) of glass samples is an essential
physical parameter that may be estimated using the sample’s molecular
weight (M) and observed density value (Mandal et al., 2023). The molar
volume (Vg) of the synthesized glass might be obtained from the
following equation;
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Fig. 10. The Mass attenuation coefficient comparison of some shielding materials with present 10% V,Os doped glasses.

Fig. 11. Half Value Layer (HVL) values of V,Os doped glasses.

V, =

% (cm? /mol) ®

where, M is defined as molar mass.
3. Results and discussion

Fig. 3 presents the computed densities (p) and molar volumes (Vy,) of
the fabricated V,0s-doped glasses. With an increase in the concentration
of V505 in the glass samples, the density values also showed an incre-
ment from 2.472 g/cm® to 2.522 g/cm®. Comparatively, the density of
Li»0 is 2.01 g/cm?, while that of V,0s is 3.36 g/cm>. This observed rise
in density in the synthesized samples as V2Os content increases aligns
with the theoretical expectations, confirming the experimental results.
Additionally, as the mol% of V,0s increased, the molar volume values of
the glasses expanded from 62.59 cm®/mol to 70.39 cm®/mol. This
suggests a proportional relationship between vanadium concentration
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Fig. 12. Tenth Value Layer (TVL) values of V,Os doped glasses.

and molar volume. This phenomenon may be attributed to the influence
of polarizing power strength, which is a measure of the ratio of cation
valence to its diameter (Al-Assiri, 2008).

Fig. 4 presents the 400-4000 cm™ range of glass sample FTIR
spectra. Visually, there was no noticeable difference between the FTIR
spectra of the glass samples. Doping the glass matrix with up to 15 mol%
V205 appears to have no effect on the IR peaks. It is obvious that adding
up to 15 mol% V305 has no significant influence on the main charac-
teristic groups, but it has a very tiny effect on the intensities of other IR
bands (Kerkouri et al., 2011). The existence of hydroxyl groups is shown
by the wide band present in all glasses about 3428 cm’!, which corre-
sponds to the essential stretching vibrations of O-H ions. The detected
peaks, which are centered at 2851 cm! and 2918 em’!, are attributed to
typical of hydrogen bonding in glass systems (Karunakaran et al., 2009).
The peak around 1462 cm’! may be caused by the B-O asymmetric
stretching vibration of the BO3 units (Kumar et al., 2019) (Singh et al.,
2011). The band at 1054 cm™! is due to BO4 unit B-O-B bond stretching
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Fig. 13. Mean Free Path (MAC) values of V,0s5 doped glasses.

vibrations (KILIC, 2020). Previous research has reported that the O-V
angular vibration correspond to 545 em’! (KILIC, 2020) (Laila et al.,
2013).

X-ray diffraction studies were performed between 10°< 20 < 90°.
Fig. 5 offers the X-ray diffraction graph of all Y-series glass systems. X-
ray diffraction analysis indicated a knoll broad of about 26 ~20°-30°,
proving an amorphous structure for all Y-series glasses. The XRD graphs
illustrate a fully amorphous glass structure with no sign of crystalliza-
tion Y-series glasses produced. R. Divina et al. (Divina et al., 2020) re-
ported similar XRD graph results for amorphous glass systems. In all Y
series glass samples, the XRD curves are amorphous in nature of glass
but different in density, indicating possible structural changes in XRD
peak intensity (Nandi et al., 2022). For this reason, amorphous peaks
may have partial intensity differences. The densities of the glasses pro-
duced in this study vary, and YO glass has the lowest density.

Fig. 6 present the DTA curves for different glasses samples. The DTA
graphs for all curves indicate just one peak of exothermic. Table 2
summarizes produced of glass-transition temperature (Ty), crystalliza-
tion temperature (T.), and the peak of crystallization temperature (Tp)
with the thermal parameters that can be determined by DTA analysis.
Also, thermal stability has been calculated as formula AT = T.— T,.
The glass transition temperature of obtained glasses increases up to 10%

Applied Radiation and Isotopes 203 (2024) 111086

V20s. It may be explicable by the melting point of V205 (1750 °C) being
higher than those of Li;O (1438 °C), B2O3 (450 °C) and P505 (340 °C).
All values of AT of Y series glasses were determined as 30 °C on average
(Zhang et al., 2022). As a result, these glasses can be difficult to
manufacture using traditional techniques. However, it is worth noting
that the thermal stability results of these glasses are precision (El-Rehim
et al., 2021) (Somaily et al., 2021). It is seen that Tg and Tc values in-
crease by increasing the V205 concentration in Y series glasses. This may
be because the inclusion of V05 into the matrix of P;05 and B;O3 in
glass samples causes structural distortion (Madhu et al., 2023b). In
addition, V205 can increase Ty values by causing changes in the BO3 and
BO4 groups (Dahiya et al., 2016). In addition, it is thought that the main
reason for the difference in DTA results of Y series glasses is the binding
of vanadium metal ions to the glass network and the strengthening of the
system, which may cause the thermal resistance of the glasses to
increase.

The Vickers microhardness of obtained 42.5P505-42.5B,03—(15—x)
LisO-xV30s5 glasses are presented in Fig. 7. The hardness decreased as
the V,0scontent increased from 0% to 10%. It is seen that YO (5.66 GPa)
and Y4 (4.99 GPa) glasses have the highest and lowest hardness values.
However, no striking change was observed in the hardness values of Y
series glasses with the addition of V203. As a result, it has been deter-
mined that the Y series glasses are reproducibility, and their hardness
values are stable. Taha et al. It has been stated that as the CuO content
increases in P05-LioO-CuO glasses, the significant increase in hardness
values is closely related to the density values of the glasses (Taha et al.,
2021). It did not observe a change in the hardness results of the Y series
glasses because the density values of the glasses are stable.

p of V205 doped glasses are shown in Fig. 8. Accordingly, the p value
obtained with 384 keV energy gammas started around 0.2311+0.0116
em™ and gradually increased. This value has reached 0.2615:+0.0131
em™ in 15% V,05 doped glass. The R? value of these values was obtained
as 0.900. These values decreased at 1173 keV gamma energy, but the
values continued to increase according to the amount of V50s. The R?
value of these values was found to be 0.948. Finally, the p values ob-
tained with 1333 keV energy gammas were seen to be close to the
previous p values. The increasing trend in these p values increased
similarly to the increase in the amount of V505 at 1173 keV. The R?
value here is determined as 0.886.

The Mass Attenuation Coefficient (MAC) results of V305 doped
glasses are shown in Fig. 9. As can be seen from the MAC results in Fig. 9,
the MAC values at 384 keV gamma energy were obtained as the highest
at all Vo,Os concentration values. The values, which were around 0.0934
cm? g! at this energy, decreased slightly at 1173 keV gamma energy and
decreased to around 0.0593 cm? g*. Finally, it was measured at around
0.0532 cm? g'! at an energy of 1333 keV. Accordingly, as the gamma

Table 3
The shielding parameters of V505 doped Glass samples.
Concentration p (384 keV) p HVL TVL MFP MAC gyp. MAC xcom AxCcOM-Exp-
0% V305 0.2311+0.0116 2.4720 2.9992 9.9631 4.3269 0.0934+0.0031 0.0944 0.98%
2.5% V505 0.24114+0.0121 2.4732 2.8742 9.5479 4.1466 0.0975+0.0011 0.0945 3.23%
5% V205 0.24994+0.0125 2.4828 2.7731 9.2120 4.0007 0.1006+0.0005 0.0945 6.52%
10% V505 0.2581+0.0129 2.4975 2.6852 8.9199 3.8739 0.1033+0.0018 0.0946 9.27%
15% V05 0.2615+0.0131 2.5215 2.6499 8.8029 3.8231 0.1037+0.0020 0.0947 9.56%
1t (1173 keV)
0% V305 0.1468+0.0073 2.4720 4.7212 15.6836 6.8113 0.0593+0.0013 0.0573 3.61%
2.5% V505 0.15144+0.0076 2.4732 4.5759 15.2009 6.6017 0.0612+0.0004 0.0573 6.83%
5% V205 0.1538+0.0077 2.4828 4.5063 14.9697 6.5013 0.0619+0.000008 0.0574 8.03%
10% V405 0.15854+0.0079 2.4975 4.3729 14.5264 6.3087 0.0634+0.0007 0.0574 10.61%
15% V5,05 0.1608+0.0080 2.5215 4.3088 14.3136 6.2163 0.0637+0.0009 0.0574 11.14%
p (1333 keV)

0% V305 0.13154+0.0066 2.4720 5.2695 17.5048 7.6022 0.0532+0.0016 0.0537 0.91%
2.5% V5,05 0.1368+0.0068 2.4732 5.0647 16.8245 7.3068 0.0553+0.0006 0.0537 3.03%
5% V305 0.14224+0.0071 2.4828 4.8742 16.1918 7.0320 0.0572+0.0004 0.0537 6.60%
10% V405 0.1448+0.0072 2.4975 4.7839 15.8918 6.9017 0.0580+0.0008 0.0538 7.91%
15% V205 0.14754+0.0074 2.5215 4.6967 15.6020 6.7758 0.0585+0.0010 0.0538 8.81%
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energy value increased, the MAC value decreased. As can be seen from
here, the energy value and MAC value are inversely proportional.

The Mass Attenuation Coefficient (MAC) values comparison
measured at 1173 keV and 1333 keV energies can be seen in Fig. 10.
Accordingly, the obtained MAC values of 10%V,05 doped glasses were
higher than the other materials at 1173 keV and 1333 keV energies. For
example, for 55P;05-5A1,03-20 Nay0-(20-x)Fe;03-xPbO glasses, the
MAC value have been obtained as 0.0582 cm? g at 1173 keV gamma
energy and also it was found as 0.0545 cm? g™! at 1333 keV (El-Taher
et al., 2019). The MAC values have been found as 0.0565 cm? g'1 and
0.0528 cm? g'1 for barite concretes (Dogra et al., 2017) at same energies.
For Barium-borate-fly ash glasses (Singh et al., 2008), the MAC values
were obtained as 0.0552 cm? g and 0.0523 cm? g'!. To PbO-Lis0-B,03
glasses (Kumar, 2017), 0.0589 cm? g’l and 0.0539 cm? g’1 MAC values
have been obtained for 1173 keV and 1333 keV. The MAC values were
found for BiO3-B203-NapWO4 glasses (Dogra et al., 2017) as 0.0589
em? g' and 0.0539 cm? g' MAC for same energies. The Bar-
ium-Bismuth-Borosilicate glasses (Bootjomchai et al., 2012) have
0.0565 cm? g! and 0.0515 g cm™ MAC values for 1173 keV and 1333
keV energies, respectively. The MAC values of 10% V305 doped glasses
were calculated theoretically by XCOM (Berger and Hubbell, 1987) by
means of gammas with 1173 and 1333 keV energies. Accordingly, the
MAC value found to be 0.05738 cm? g at 1173 keV energy was
calculated as 0.05376 cm? g'1 at 1333 keV. Finally, 0.3Biz03-0.7B203
glasses (Dogra et al., 2017) 0.0591 cm? g and 0.0548 cm? g™! for same
energies. But the present study for 10% V305 doped glasses have 0.0634
+0.0007 cm?. ¢! value at 1173 keV and 0.0580+0.0008 cm?. ¢! value
at 1333 keV.

In Fig. 11, the Half Value Layer (HVL) values of V205 doped glasses
are shown. This value, which indicates the amount of glass thickness
that can transmit half of the gamma radiation that interacts with glass,
was measured to be highest at 1333 keV energy. However, as the amount
of V505 in the glass increased, this value decreased slightly. At 1173 keV
energy, this HVL values decreased slightly, and at 384 keV energy, the
required glass thickness and amount of glass was determined to be the
lowest compared to the others and can be seen in Fig. 11.

TVL values, which express the material thickness required to reduce
the amount of radiation interacting with the material to one-tenth, are
given in Fig. 12. As in the previous figure where HVL values are shown,
in Fig. 12 where TVL values are shown, the glass thickness that will
reduce the gamma amount to one-tenth was obtained as the highest at
1333 keV. As the amount of V,05 in the glass increases, these values
decrease again. As the energy value decreases, the required glass
thickness decreases. From here, the effect of the energy value on the
thickness can be clearly seen. From here, the effect of the energy value
on the thickness can be clearly seen.

MEFP values expressing the path that gamma can take in the material
are shown in Fig. 13. Here, similar to the previous HVL and TVL figures,
MFP, which is the expression of the path that gammas can take in glass,
is highest at 1333 keV energy. These values decrease as the amount of
energy decreases. As can be understood from here, the energy of gamma
directly affects the MFP. The experimentally measured and theoretically
calculated shielding parameters have been given in Table 3.

4. Conclusion

In this study, some physical properties of
42.5P505-42.5B203—(15—x%)Lio0—xV205 (x = 0, 2.5, 5, 10 and 15)
glasses and V505 dope to these glasses, potential radiation shielding
properties were tried to be revealed. For this purpose, some analyzes
revealing XRD, FTIR, DTA, micro-hardness and radiation shielding
properties were performed.

Here, Linear Attenuation Coefficient (LAC) values were determined
experimentally by means of gamma with energies of 384 keV, 1173 keV
and 1333 keV via Nal(Tl) detector system (ORTEC® 905-4).

By experimentally determining the p value, the Mass Attenuation
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Coefficients (MAC) of these glasses were also calculated and it was
determined that the MAC values in each energy group increased as the
amount of V05 in the glass increased. In addition, MAC values theo-
retically calculated with XCOM also showed a similar increase. How-
ever, the experimental MAC values we obtained gave better results than
both the theoretical XCOM and many shielding material examples in the
literature at 1173 and 1333 keV energy, as seen in Fig. 10.

Another shielding parameter, HVL, TVL and MFP, similarly
decreased with the increase in the amount of V205 in the glass and
revealed that these glasses can be used in radiation shielding.
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Abstract

Original scientific paper
The objective of this work was to compare the optical performance of hydrothermally and solvothermal synthesized unique fluorescent
carbon quantum dots (FCQDs) from organic material and use it as a fluorescent ink for one of the significant information encryption
applications. The goji berry and sucrose were used as carbon sources for the experiment. FCQDs are obtained by simple hydrothermal and
solvothermal methods using water, isopropanol and acetone as a solvent. The crystal structure and optical properties of the obtained carbon
dots are investigated. All obtained FCQDs are amorphous phases. The maximum emission of the obtained FCQDs was found at 465 nm
when excited at 386 nm. Among the carbon dot samples synthesized using three different solvents, the sample with the highest PL peak
value was found in the sample synthesized with acetone solvent. The morphology of the carbon dot sample produced with acetone solution
was examined by TEM and the average diameter of the carbon dots was calculated as 7.2 nm. The fluorescent ink potential of the
synthesized FCQDs was compared and the best result found at the carbon dot that was synthesized from solvothermal methods with an
acetone solution.

Keywords: Carbon dots; fluorescence ink; goji berry; information encryption; XRD.

SAHTECILIKLE MUCADELE VE SIFRELEME UYGULAMASI iGiN HIDROTERMAL VE
SOLVOTERMAL YONTEM iLE FLUORESAN KARBON KUANTUM NOKTALARININ SENTEZi

Ozet
Orijinal bilimsel makale

Bu ¢aligmanin amaci, organik bir malzemeden hidrotermal ve solvotermal yontemle sentezlenen floresan karbon kuantum noktalarinin
(FCQDs) optik performanslarini karsilagtirmak ve bunlar1 6nemli bilgi sifreleme uygulamalarindan biri igin bir floresan miirekkep olarak
kullanmaktir. Goji berry ve sakkaroz, ¢calismada karbon kaynagi olarak kullanilmistir. FCQD'ler, ¢dziicii olarak su, izopropanol ve aseton
kullanilarak hidrotermal ve solvotermal yontemlerle elde edildi. Elde edilen karbon noktalarinin kristal yapilar1 ve optiksel 6zellikleri
arastirilmistir. Elde edilen biitiin FCQD'ler amorf fazdadir. FQCD'ler 386 nm'de uyarildiginda maksimum emisyonu 465 nm'de elde
edilmistir. Ug farkli ¢oziicii kullanilarak sentezlenen karbon nokta 6rnekleri arasinda en yiiksek PL pik degeri aseton ¢oziicii ile sentezlenen
ornekte bulunmustur. Aseton soliisyonu ile tiretilen karbon nokta 6rneginin morfolojisi TEM ile incelenmis ve karbon noktalarin ortalama
¢ap1 7,2 nm olarak hesaplanmistir. Sentezlenmis FCQD'lerin floresan miirekkep olarak kullanilabilme potansiyeli karsilastirilmis ve en iyi
sonug aseton ¢oziiciisiinde solvotermal yontemle sentezlenen karbon noktalari igin bulunmustur.

Anahtar Kelimeler: Karbon noktasi; bilgi sifreleme; Floresans miirekkep, goji beri; XRD.

1 Introduction types of nanostructured materials, carbon based
nanostructured materials have attracted specific interest.

Today, with the growth in scientific studies, there has The newest members of carbon nanostructures are called

been a significant increase in the development of new
materials with superior properties. Among them,
nanostructured materials are known as one of the most
researched and studied groups. Although there are various

* Corresponding author.
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CDs (carbon dots) or CQDs (carbon quantum dots).
Carbon dots were found by chance in 2004 during the
purification of carbon nanotubes and were subsequently
obtained using laser ablation of graphite [1,2]. After this
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discovery, the attractive, impressive, superior and unique
properties of carbon dots were revealed and a new era
began in terms of engineering science [3].

The size of the carbon dots is 10 nm or less. They have
superior fluorescence properties in terms of their
characteristics [4]. Carbon dots have superior
fluorescence and optical properties as well as
biocompatibility. Moreover, they have easy synthesis
routes and pollution free precursors. Carbon dots, which
have been studied by many scientists in recent years, have
been found to have a number of exciting properties [5].
Carbon dots find a place in the theoretical and application
areas in many fields such as science, engineering and
health, thanks to their strength, optical, mechanical and
electrical properties [6—8]. The most important feature of
carbon dots is surface functionality that exhibits strong PL
(photoluminescence), according to their size and
excitation wavelength [6]. In addition to these properties,
it is very valuable for its excellent biocompatibility, water
solubility, low cost, low toxicity, easy synthesis,
photostability and chemical stability. Considering these
advantages, it has applications in many fields, such as
bioimaging, sensor, solar cells, photocatalysis and drug
delivery [9]. Carbon dots can be obtained from many
natural sources such as food, waste and nutrients with the
advantage of low cost [10].

Different organic sources have been used as carbon
precursors for CD synthesis. For example, tangerine
juice/onion Shell [11] turnip juice [12], rosemary leaves
[13], pigeon manure [14], cowberry [15], blueberry [16],
blackberry and raspberry [17]. The most known name of
the goji berry is “wolfberry”. This name is based on the
root "gou" meaning wolf [18]. The name goji is derived
from several local words and was first coined by TBRI
(Tanaduk Botanical Research Institute) researchers in
1973 [19]. Goji Berry, Latin name Lycium barbarum, is a
shrub of the Solanaceae family from Southeast Asia and
grows in China, Tibet and other parts of Asia. Its fruits are

1-2 cm long. It is bright red in color and elliptical in shape
[20,21]. Goji Berry fruit is highly nutritious. It has become
more popular in the last few years due to its recognition as
a "superfood" among people.

Due to its nutritional value, it has become more
preferred by people today. The fruit contains sugar [19].
Goji berry has several important biological functions,
such as boosting immunity, anti-aging, anti-tumor and
antioxidant [18]. Digital security is crucial in the
information era because counterfeiting not only results in
significant economic losses but also has negative effects
on people's physical and mental health. Luminescent inks
have drawn a lot of interest among the many anti-
counterfeiting substances due to their numerous uses in
information coding, information storage, and information
security. A significant barrier still exists in the production
of high anti-counterfeiting strategies and aqueous
luminous anti-counterfeiting nanomaterials [22-25].

Sucrose was also added to the goji berry to strengthen
the PL peaks of the synthesized carbon spots, based on a
related work in the literature [26,27]. Precursors, synthesis
procedures, particle size, fundamental PL characteristics,
applications, and findings from this work are summarized
in Table 1. In this study, goji berry (Lycium barbarum)
was used as a natural carbon source. CDs were
synthesized by hydrothermal and solvothermal methods.
While synthesizing carbon dots, acetone, ultrapure water
and isopropyl alcohol were used as solvents, and carbon
dot samples synthesized using this solvent were
compared. The structural properties of carbon dots were
researched by XRD analysis. In addition, the optical
properties of the synthesized materials were investigated
in UV-Vis spectroscopy. The photoluminescence
properties of the obtained nanoparticles with carbon dots
were researched by photoluminescence spectrometry.
FTIR spectrometer was used to analyze its chemical
structure.

Table 1. Carbon source, size, PL properties and application examples used in preparing carbon dots.

Carbon precursors Synthesis methods
Tea residue/ Choline chloride/ Urea Hydrothermal
Chia seed Hydrothermal

Aconitic acid/ PEI Ther.mal.

carbonization
Citric Acid/ m-PD Hydrothermal
Laurus nobilis leaves Hydrothermal
Waste corn husk Hydrothermal
Rosemary leaves Hydrothermal

Citric Acid/ PEI Microwave-assisted

Citric Acid Microwave-assisted
Cowberry Hydrothermal
Facile liquid N2
Blueberry treatment method
B Hydrothermal
Goji berry Solvothermal

Size (nm) PL features Application Reference
Ex: 330 nm .
<10 Em: 410 nm Sensing [28]
Ex: 310 nm . .
54 Em: 415 nm Cell imaging [29]
Ex: 440 nm .
11.12 Em: 485 nm Sensing [30]
3.03 to Ex: 320 nm Information encryption, [31]
3.73 Em: 466 nm Anti-Counterfeiting
Ex: 344 nm .
<10 Em-: 425 nm Fluorescent ink [32]
Ex: 342 nm . .
5.39 Em: 428 nm Composite material [33]
Ex: 332 nm Food storage,
16.13 Em: 422 nm ﬁng.erprm‘F detegtlgn, [13]
antibacterial activity
Ex: 354 nm L
12 Em: 442 nm TNT determination [34]
3 Fish gelatin films [35]
Ex: 350 nm . .
Em ~ 440 nm Composite material [15]
Ex: 340 nm .
Em: 450 nm Sensing [16]
Ex: 386 nm Information encryption, .
72 Em: 465 nm Anti-Counterfeiting This work
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2  Materials and Methods
2.1 Material

Goji berry was obtained in the personal garden of the
author Hact Veli Kalmig. Solvents purchased from
standard manufacturers were used in the experiments. The
ultrapure water used in the experiments was supplied from
the KSU USKIM unit. All materials were used in their
current form without purification.

2.2 Preparation of CD Nanoparticles

Goji berry was chosen as a natural carbon source. Goji
beryy was cleaned by washing with tap water. It was then
washed with pure water. Then, the goji berry was kept in
an oven at 60°C for 96 hours to be dried. The dried goji
berry was sieved after grinding. 1.25 g of goji berry
powder and 1.25 g of sucrose were mixed in 150 ml of
solvent in an ultrasonic treatment. Ultrapure water,
acetone and isopropyl alcohol were used as solvents. The
carbon dots were synthesized using three different
solvents. The homogenized mixture was transferred to a
teflon box. The Teflon box was then placed in an
autoclave made of stainless steel. After being placed in the
autoclave oven, it was subjected to hydrothermal and
solvothermal treatment at 175°C for 8 hours. At the end
of the process, the autoclave was taken from the oven to
cool itself to room temperature. The resulting solution was
filtered. It was centrifuged and dried. It was stored at 4 °C
for experiments. The final concentration of the carbon
dots in solution for measurements was 0.25 mg mL!. The
schematic representation of the experimental setup is
given in Figure 1. While synthesizing carbon dots,
acetone, ultrapure water and isopropyl alcohol were used
as solvents, and carbon dot samples synthesized using this
solvent were named as GCDa, GCDw and GCDi,
respectively.

Figure 1. Symbolic representation of obtaining carbon dots from Goji
berry.

2.3 Characterization

Structural characterization of the synthesized Carbon
dots samples was examined by XRD (X-ray diffraction).
Philips X'Pert PRO XRD device with Cu Ka radiation
(A=0,154056 nm, tuned at 40 kV and 30 mA) was used to
detect the XRD pattern. The optical properties of the

synthesized carbon dot samples were obtained by UV-
Visible Spectrophotometer (Shimadzu UV 1800) at room
temperature. FTIR Spectroscopy: Measured with a Perkin
Elmer Spectrum 400 instrument in the 4000450 cm!
range. The PL spectra of the CD samples were scanned
with the Varian Cary Eclipse spectrometer.

3 Results and Discussion

The XRD pattern showing the crystal structures of the
carbon dots synthesized from Goji berry is presented in
Figure 2. CDs synthesized in the XRD plot appear to have
flat amorphous peaks similar to the structure of 26=23"
graphene. Pure graphite has a significant peak at
20=26.42° that corresponds to the (002) plane in the X-ray
pattern, while GO has two distinctive peaks at 26=11° and
20=42° that correlate to the (001) and (100) planes [36].
For multi-walled carbon nanotubes, two diffraction peaks
with centers at 26° and 45° are often seen. These peaks are
designated as (002) and (001) planes [37]. Generally,
amorphous carbons with graphitic domains are indicative
of carbonaceous materials (sp2 domains). The two broad
Bragg peaks at 22.0 and 43.7 were indexed to the graphite
hexagonal structure's (002) and (100) planes, respectively
[38]. This broad and amorphous peak has also been
detected in XRD plots of CDs in many studies [32,39,40].

Figure 2 XRD pattern of CDs

UV-Visible spectroscopy can be used to observe what
changes nanoparticles undergo as time passes. Carbon
nanoparticles can be characterized by UV-Visible
spectroscopy [41]. Carbon dots synthesized from Goji
berry were examined by UV-Visible spectroscopy. The
UV-Visible absorption graph is given in Figure 3. A sharp
absorption peak similar to a m-n* transition was seen in
the UV—Visible spectrum at 282 nm [42]. Figure 4a
illustrates PL spectra of the obtained carbon dots in
different solvents and when the samples are excited at 386
nm wavelength, they exhibit maximum emission at 465
nm (Figure 4b). The maximum PL intensity was found in
the carbon dots sample which is dissolved in acetone.
Photoluminescence spectra of carbon dot sample (GCDa)
dissolved in water were investigated using PL
spectrometry by varying the wavelength between 400-600
nm (Figure 5). It was observed that the synthesized CD
samples gave excitation-induced emission. When the
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excitation wavelength was changed from 386 nm to 456
nm with 5 nm intervals, the emission peak was redshifted
from 465 nm to 508 nm. The observed redshift in the
emission spectrum indicates the possibility of tunability of
the PL emission color. Depending on the increase in the
excitation wavelength, the intensity of the fluorescence
peak decreases and exhibits attenuation [33]. This result is
due to electron and hole recombination produced on the
surface of CDs. The redshift observed with the difference
in excitation wavelengths can be attributed to the
difference in the surface sizes of the CDs [42].

Figure 3. UV-Vis spectrum of synthesized carbon dots from Goji Figure 5. a) Excitation dependent PL spectra of GCDa,
berry. b) after normalization.

FTIR measurements were taken in the 450-4000 cm!
range to examine the chemical structure of the synthesized
samples. FTIR results are presented in Figure 6. The broad
peak seen at 3324 cm! is attributable to O—H or N-H
stretching vibrations [43]. The absorbance peak of the
samples at 2924 cm™! and 2846 cm'! coincides with the C—
H bonds [44-46]. The 1706-1605 cm™' double peak can
be attributed to the stretching vibrations of the C—N and
C-0 bonds, respectively [44]. The C-N bonds observed in
the FTIR analysis may be due to the amino groups in the
proteins found in the structure of the goji berry [47]. The
peaks of stretching vibration of the C—C, C-N, and C-O
groups can be seen at 1372 cm’!, 1200 cm™! and 1100
cm’!, respectively [48].

Figure 4. a) PL spectra of CDs synthesized in different solvents b)

Figure 6. FT-IR f the CDs.
Excitation and emission spectrum of product GCDa. igure 6 spectrum of the CDs
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The morphological properties of synthesized CDs
were studied, and Figure 7 depicts the form and size
distribution of the carbon dots sample produced in acetone
solution. GCDa sampe have homogeneous size and
distribution, as observed in the TEM picture. The average
diameter of the studied carbon dots was calculated to be
7.2 nm.

Figure 7. TEM image of GCDa sample.

Carbon dot samples were dissolved in distilled water.
Then the carbon dots were centrifuged to separate large
particles. The fluorescent abilities of the CDs obtained in
Figure 8 are observed at a distance of 10-15 cm under UV
light (365 nm). Under UV light, GCDa and GCDw carbon
dot samples glowed turquoise. When the synthesized
samples were compared, it was observed that the
fluorescence irradiation was ordered as PGDa > PGDw >
PGDi [14].

Figure 8. Image of GCDa, GCDi and GCDw samples under UV light,
respectively.

CQDs are materials with serious potential as
fluorescent inks that can be used in various applications
due to their non-toxicity, fluorescent stability and similar
properties. Fluorescent inks obtained using CQDs are
environmentally friendly and permanent. Additionally,
such fluorescent inks can be used in anti-fraud and
encryption applications [14]. Interestingly, some
luminescent materials with exceptional invisible
transparency capabilities may be used spontaneously as
luminescent inks (Figure 8). A brush and commercial
papers without any background luminescence were used.
The similar pattern may be readily obtained, as shown in

Figure 9, by utilizing obtained GCDa, GCDw, and GCDi
labeled carbon dots as luminous inks. This pattern was
invisible in the daylight but was immediately visible under
UV light. The best outcome for the GCDa carbon dot
sample was produced, and it may be utilized as direct anti-
counterfeiting luminescent inks. Utilizing carbon dots
with a higher PL peak intensity can help luminescent inks'
anti-counterfeiting capabilities.

Figure 9. Images drawn with fluorescent ink created from CQDs in
daylight and under UV light (365 nm).

4  Conclusion

Fluorescent carbon dots were synthesized from Goji
berry simply, non-toxic, environmentally friendly and
cost-effective. CDs were obtained by the hydrothermal
and solvothermal methods using Goji berry and sucrose as
a precursors and water, isopropanol and acetone as a
solvent. The crystal structures of carbon quantum dots
synthesized using different solvents were investigated by
XRD and the crystal structure of obtained carbon dots
consists of amorphous phases. The obtained peaks in the
UV spectrum of carbon dots are attributed to m—m*
electronic transitions. As a result of the excitation of the
samples at a wavelength of 386 nm, it was observed that
they exhibited maximum emission at a wavelength of 465
nm. By increasing the excitation wavelength, a redshift of
the emission peak was detected. The sample with the
highest PL peak value among the carbon dot samples
generated using three different solvents was discovered in
the sample synthesized using acetone solvent. TEM was
used to study the morphology of the carbon dot sample
synthesized with acetone solution, and the average
diameter of the carbon dots was determined to be 7.2 nm.
Obtained GCDa, GCDw, and GCDi carbon dots was
utilized as luminous inks. This pattern was invisible in the
daylight but was immediately visible under UV light. The
best outcome for the GCDa carbon dot sample was
produced, and it may be utilized as direct anti-
counterfeiting luminescent inks.
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1 Introduction constituent parts. Polymers have been widely

employed in a variety of applications. Multifunc-
Blending two substances with dissimilar physical or tional polymer-composites can be obtained by
chemical properties results in a composite material  incorporation of the material in a polymeric matrix
with qualities distinct from those of the original [1]. Polyvinyl alcohol (PVA) is an important polymer
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used in many different application areas, from the
textile to the wood industry. Being able to be used in
coatings, being soluble in water, being non-toxic,
having high transparency, thermal stability and being
flexible are some of the crucial features of PVA [2-4].
The biodegradability of PVA under certain microbial
conditions has also paved the way for its use as an
environmentally friendly polymer [5]. Another out-
standing feature of PVA is that it is a self-healing
material. After damage and breakage, it can repair
itself without any external influence [6]. The presence
of an organic interface layer between the metal and
the semiconductor helps to improve the electrical and
dielectric properties of the formed metal polymer
semiconductors structures [7].

In literature, different materials, such as carbon-
based nanomaterials, metal and metal oxide, were
proven to increase optical and catalytic activity [1].
Bismuth is one of the least toxic and low-cost ele-
ments among heavy metals. It attracts the attention of
researchers due to its wide band gap, superior radi-
ation shielding and extraordinary optical properties
[1, 8]. Moreover, its have unique photoluminescence,
dielectric properties and ionic conductivity [9].
Because of above mentioned outstanding properties
bismuth oxide can be used in medicine, catalysis,
energy materials, superconductor materials, optical
materials, and functional ceramics [10]. The main
structures of the bismuth oxide are generally known
as o-, B-, y- and 9-Bi,O3 [11]. Radiation shielding
properties of n-Bi,O3;/epoxy-PVA matrix polymer
was investigated and n- Bi,O; > 12 wt % with 2 mm
thickness can be used as shielding materials for lower
X-ray photon energies was found [12]. The optical
properties of bismuth-filled PVA composite were
investigated and the obtained result reveals that the
band gap energies are enhanced with the addition of
bismuth [5]. The usability of Bi;O3;/PVA (0.5%, 1.0%
and 1.5%) in microwave device for reflecting purpose
have been studied [13]. Dopamine-melamine
nanoparticles incorporated in PVA films were fabri-
cated and can be used as a unique UV absorber with
transparent materials [14].

Carbon quantum dots (CQDs) have been consid-
ered significant nanoparticles because of their out-
standing properties like nontoxicity, water solubility,
extraordinary optical properties, and high chemical
and physical stability. Moreover, it can be synthe-
sized from a variety of organic materials and espe-
cially wastes and biomass, which reduces precursor
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cost and enable cost-effective CQDs synthesis
[2, 15-17]. Various synthesis methods have been uti-
lized to obtained this novel nanoparticle such as laser
ablation, microwave irradiation, arc discharge and
hydrothermal method. The microwave method is
easy low cost and enables to adjust irradiation power
and time so that it stands out one step further than
other synthesis methods [18-20]. This unique
nanoparticle has the potential to use in different
application areas and some of the example areas are
bioimaging, optical sensing, drug delivery, photo-
catalytic, light-emitting diodes, and anti-counterfeit-
ing [21-23].

Most of the previous studies has been done to
produce polymer-matrix composites using only one
type of filler to matrix polymers. Therefore, unlike
previous researches, the aim of this study is to pro-
duce polymer composites by using two different
types of filler simultaneously which are Bi,O; and
carbon dots. In this study, to best of our knowledge
CQDs obtained from green outer hull of the Prunus
dulcis is chosen without the use of any hazardous
chemicals or difficult technologies with utilizing
simple green techniques. Bismuth oxide (Bi,O3),
nanorods producted with sonochemical process.
Bi,O5; nanorods and CQDs nanoparticles is used to
form polymer nanocomposite. The Bi,O;/PVA,
CQDs/PVA, and Bi,O3/CQDs/PVA  codoped
nanocomposites were prepared and their structural,
morphological and detailed optical features of the
obtained nanocomposite films were investigated for
the first time.

2 Materials and method
2.1 Materials

The chemicals used to synthesize the sample were
used in analytical purity without any purification.
Bismuth (III) nitrate pentahydrate (BiN3zOq 5H,0)
was purchased from Thermo scientific and NaOH
Sigma Aldrich. Polyvinyl alcohol (PVA) was obtained
from Acros Organics, Thiourea from Merck. All
experiments were carried out using distilled water.

2.2 Preparation of CQDs nanoparticles

Prunus dulcis were obtained from the local market.
The green outer hull of the Prunus dulcis was



washed with distilled water. The washed hull was
dried in an oven at 75 °C for 48 h. Dried Prunus
dulcis hull was ground with a blender. 2 g of ground
Prunus dulcis hull and 2 g of thiourea were taken
and mixed with 20 ml of distilled water. Ultrasonic
treatment was applied for 20 min to form a homo-
geneous mixture. Carbonization was achieved by
keeping the mixture in a microwave oven at 360
watts for 15 min. The obtained sample was thrown
into 50 ml of distilled water and kept in an ultrasonic
bath for 30 min. It was then filtered twice with filter

paper.
2.3 Preparation of Bi,O3 nanoparticles

An easy and economical sonochemical method was
used to fabricate o-Bi,O3 nanorods. For the synthesis
of a-Bi,O3, 5.0 g of bismuth nitrate pentahydrate was
added to 100 ml of distilled water and dissolved with
continuous stirring. The solution was kept on a
magnetic stirrer for about 30 min until a white sol
was obtained. 5 M NaOH solution was added drop-
wise until the pH of the obtained sol was increased
from 2 to 10. Then, a homogeneous mixture was
obtained by applying ultrasonic treatment for 60 min.
After this process, the colour of the white sol turned
yellow. The mixture was stirred for 12 hto
precipitate.

Since the reaction is pH-dependent, the following
reactions take place [24]:

Bi(NO3), - 5H,0 —P" Bi(OH),
Bi(OHg,) — Bi,O3 + H,O

The resulting precipitate was filtered. The yellow
solution was washed several times with ethanol and
distilled water. The resulting sample was dried in an
oven at 80 °C for 24 h.

2.4 Preparation of PVA/CQDs/Bi,0;
composite films

All nanocomposite films were prepared using the
solution casting method. Pure PVA film was pre-
pared by dissolving 0.75 g of Polyvinyl alcohol in
50 mL of distilled water at 90 °C and pouring it into a
9 cm diameter petri dish. The prepared films were
dried in a muffle furnace at 50 °C for 48 h. The syn-
thesis detail of the composite films is given in Table 1.
The produced composite films were named and
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it is shown in Table 1. Symbolic representation of the
preparation of PVA nanocomposite films is illus-
trated at Fig. 1.

2.5 Characterization

The structural properties of the produced composite
films were investigated using XRD (X-ray diffraction)
device. In order to obtain the XRD patterns a Philips
X'Pert PRO brand XRD device with Cu Ka radiation
(4 =0,154,056 nm, tuned at 40 kV and 30 mA) was
utilized. UV-Visible Spectrophotometer (Shimadzu
UV 1800) device was used to investigate the optical
properties of the produced composite films. FTIR
Spectroscopy using Perkin Elmer Spectrum 400
instrument. It was measured between 4000 cm ™' and
450 cm™'. PL spectra of CQD samples were scanned
using the Varian Cary Eclipse spectrometer. Hitachi
HT7700 EXALENS, 120 kV, the electron microscope
was used to obtain TEM (transmission electron
microscopy) images of CQDs and BiO3
nanoparticles.

2.6 Calculations of optical parameters

Energy band gap values were estimated using the
Tauc formula:

ahv = B(hv — E,)? (1)

where h is Planck’s constant, v is the frequency of
incident light, and B, a constant, measures the dis-
order of the material.

The o (Absorption coefficient) and k (Extinction
coefficient) values of the produced composite films
were estimated as follows [25]:

(i) = (5P )

Aot
k= 3)

2.7 Determination of film colour

Placing the samples on a white plate allowed us to
identify the colours of the films. We utilized the L* a*
b* colour space because it reliably correlates colour
values with visual perception (also known as the
CIELAB colour space). A colour spectrophotometer
(Veykolor Pro) with a 4 mm diameter area of illu-
mination was used to measure the colours of the

@ Springer
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Table 1 The details of the

preparation of polymer Name PVA (g) Bi,0;5 (g) CQDs solution (mL) Distilled water (mL)
nanocomposite films PVA 0.75 0 0 50

PB1 0.75 0.005 0 50

PB2 0.75 0.01 0 50

PB3 0.75 0.02 0 50

PVACDs 0.75 0 0.5 50

PBC1 0.75 0.005 0.5 50

PBC2 0.75 0.01 0.5 50

PBC3 0.75 0.02 0.5 50

Fig. 1 Symbolic
representation of the
preparation of PVA
nanocomposite films

films. The instrument was configured to measure in
the CIE L*a*b* format and calibrated using the white
and black standards included in the instrument’s cap,
where the values of spectrophotometric and photo-
graphic analysis are, respectively, 'L (brightness), “a’
(red-green axis), and ‘b’ (yellow-blue axis). The
parameters of a conventional absolute whiteness
surface are Lo, ap, and by. The following formulas
were used to determine the yellowness index and
whiteness index [26].

Yellownessindex = 142.86(b* /L") 4)

Whiteness index = 100 — /(100 — L)? + a2 + b2
(5)

AE = (L — L5 + (@ + ay)? + (b — b)° (6)

2.8 Film opacity and transparency

The synthesized polymer nanocomposite films’
transparency and opacity were determined from the
following equations:

]0g (%T600)

Transparency =
x

(7)

Opacity = AbZSOO (8)

here %Tep is the percentage of transmittance at
600 nm wavelength, Abssg is the absorbance value at
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500 nm and x is the thickness of the obtained films in
millimeters [27].

3 Results and discussion

Figure 2 presents the XRD pattern of the prepared
Bi,O; material. The XRD result of the prepared Bi,O3
is similar to the current study in the literature [28-30].
The distinctive diffraction peaks of Bi,O3 correspond
to the JCPDS file (01-071-0465). The prepared sample
can be assigned to monoclinic P21/c phase a- Bi,O3
[28]. The result of the XRD model indicates the
presence of the Bi,Oj structure, indicating the suc-
cessful production of Bi,O;. Table 2 shows the angle
of diffraction, the XRD parameters (h k 1) and the d
value that was derived from them.

The morphological feature and microstructure of
the synthesized Bi,O; were analyzed via TEM. Fig-
ure 3a shows the obtained Bi,Os; is rod-like mor-
phology with a relatively smooth surface. The lengths
of the particles were vaired between 9.72 to 2.48 um
diameter. Also, small rods like Bi,O3 nanoparticles on
the image are clearly seen in Fig. 3b with diameter of
448 nm.

The prepared Bi,O; nanoparticles were examined
using UV-Vis spectroscopy (Fig. 4). It is seen from
the absorption spectrum of BiOz that it exhibits
maximum absorption of around 291 nm. The tauc
plot was obtained to determine the forbidden energy
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band gap (Eg) of Bi;O;. Extrapolation of the line
segment intersecting the x-axis gave a value of
2.82 eV for the direct band gap [31].

X-ray (XRD) diffraction technique was used for the
structural characterization of the prepared CQDs.
The XRD model of the produced CQDs is given in
Fig. 5. The diffraction pattern shows that a large 002
peak centered at 27° with low intensity is attributed
to the characteristic carbonaceous material. This peak
is attributed to the amorphous nature of the pro-
duced particles and the lack of order [32, 33].

TEM analysis shows that the Prunus dulcis-
derived carbon dots are well dispersed in water, the
shape of carbon quantum dots is semi-spherical and

diffraction, and XRD S.No

parameters (h k 1)

Bu belge, giivenli Elektronik imza ile imzalanmstir.

h k 1 2Theta d-spacing SNo h K 1 2Theta d-spacing
[°] [A] [°] [A]

1 0 2 0 21751 4.08273 33 -2 4 1 54798 1.67389
2 —1 0 2 24555 3.62237 34 -2 2 4 5546l 1.65545
3 0 0 2 25748 3.45727 35 -3 2 3 55905 1.64333
4 -1 1 2 26904 3.31124 36 -3 0 4 5778 1.59439
5 -1 2 1 2739 3.25338 37 0 2 4 57.885 1.59176
6 -2 1 1 3249 2.75361 38 —1 4 3 58298 1.58147
7 -1 2 2 33034 2.70944 39 -3 3 2 58575 1.57463
8 -2 0 2 33242 2.69297 40 3 1 1 59.039 1.56336
9 0 2 2 33951 2.63833 41 -2 4 3 61512 1.5063

10 -2 1 2 3504 2.5588 42 -3 3 3 61832 1.49927
11 0 3 1 35419 2.5323 43 -1 5 2 62329 1.48851
12 1 0 2 35900 2.49947 44 1 0 4 62461 1.48567
13 -1 3 1 36972 2.42942 45 -1 1 5 63574 1.46233
14 -1 1 3 37.609 2.38973 46 0 3 4 63732 1.45908
15 —2 2 2 40.059 2.249 47 —4 1 3 66281 1.40901
16 -1 3 2 41479 2.17525 48 -2 2 5 66.835 1.39867
17 -2 1 3 41.8% 2.15466 49 —1 4 4 67904 1.37924
18 -1 2 3 42367 2.13167 50 -1 5 3 68593 1.36704
19 0 2 3 45137 2.00711 51 -4 2 3 69.581 1.35003
20 2 2 1 46341 1.9577 52 -3 4 3 69.666 1.34859
21 -2 3 2 47439 1.91491 53 —4 0 4 69.798 1.34637
22 —1 4 1 47604 1.90867 54 -1 6 1 71442 1.31938
23 —3 1 2 48400 1.87911 55 2 3 3 72333 1.30529
24 -1 0 4 4859 1.87224 56 -1 6 2 74423 1.27373
25 —1 3 3 49472 1.8409 57 0 3 5 7734 1.23281
26 —1 1 4 49.965 1.82389 58 —2 2 6 80.205 1.19583
27 -1 4 2 51336 1.77836 59 3 1 3 80.409 1.1933

28 -2 1 4 51706 1.76647 60 —4 4 3 82228 1.17146
29 0 3 3 51946 1.75888 61 -3 4 5 84289 1.14798
30 —3 1 3 52084 1.75455 62 4 3 1 86518 1.12404
31 -3 2 2 52372 1.74558 63 -5 2 2 86.821 1.12089
32 -2 3 3 53.021 1.72572 64 -3 6 2 87.670 1.11221
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Fig. 3 TEM micrograph of the Bi,O; rods a at low magnification and b at high magnification
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Fig. 4 Band gap pattern of Bi,O3 Fig. 5 XRD pattern of CQDs

uniform in size, as illustrated in Fig. 6. The average
particle diameter is calculated as 31.07 nm with std
5.27 nm.
The optical properties of the produced CQDs
sample were investigated by taking UV-Vis mea-
surements. Pure water-soluble CQDs have a light
brown color in daylight and fluorescent blue in the
light of a UV lamp (365 nm). The absorption peak at
299 nm, seen in Fig. 7, is attributed to electron tran-
sition behaviours. The peak observed at 299 nm can
be attributed to the n-n* transitions of the C=0/C=N
bonds [34].
The PL emission spectra of the produced CQDs
samples are presented in Fig. 8. While the excitation
wavelength is 330 nm, the CQDs emission peak
exhibits maximum intensity at 405 nm. When the Fig. 6 TEM micrograph of the prepared CQDs, average particle
excitation wavelength increases from 300 to 400 nm, diameter size in the inset
the CQDs maximum emission peak shows redshift
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Fig. 7 The absorption spectrum of CQDs

behaviour from 381 to 474 nm (Fig. 9). The quantum
confinement effect of CQDs, the uniform and non-
uniform particle size of CQDs, and the nature (carbon
core and its supporting functional groups) of the
surfaces of CQDs can all be employed to describe this
redshift [35]. Additionally, it has been suggested that
the excitation-dependent emission in the visible
region may result from the distribution of various
emissive sites/centers on each CQD’s surface. This
may be because the presence of various functional
groups (C=0/C=N) on the surface of CQDs with
various energy levels led to the formation of a num-
ber of emissive traps that control the emission at
various excitation wavelengths [36]. Redshift in
emission spectra raises the potential that the color of
PL emission may be tunable [2].

The FTIR spectra of the samples are given in
Fig. 10. CQDs were examined by FTIR spectroscopy
to determine their chemical structures. A broad band
centered at 3159 cm ™' and 3291 cm ™' is attributed to
C-OH stretching and —-OH bending vibrations
[37, 38]. The band observed between 2100-1950 cm™*
can be attributed to the stretching vibrations of
isothiocyanate (N=C=S) or thiocyanate (S—C=N).
The peaks at 1648.8 cm~! and 1608.6 cm ™}, respec-
tively, are attributed to the stretching vibrations of
C=0 and C= C [37, 39, 40]. The peaks at 1393 cm ™"
and 1075.9 cm™' can be assigned to the stretching
vibrations of C-N and C-O [41, 42]. Also, the peak
around 729 cm™' can be attributed to the bending
vibration of C-H [43, 44].

The structural properties of the prepared PVA
nanocomposite films were investigated using XRD.
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Fig. 8 Excitation and emission spectra of the CQDs

XRD patterns of pure PVA, CQDs doped PVA, Bi,O3
doped PVA and CQDs/Bi,O; doped PVA
nanocomposite films are given in Fig. 11. The broad
characteristic peak around 20° in the pure PVA XRD
results indicates the amorphous structure. The XRD
pattern of PVA with the CQDs added is not different
from the XRD pattern of pure PVA. This is due to the
amorphous nature of CQDs. With the addition of
Bi,O3 to PVA, the sharp peaks of the bismuth oxide
structure are clearly visible in the XRD graph. This
result is compatible with the reference diffraction
pattern of bismuth oxide with a monoclinic structure
(Pdf code: 01-072-0398) [45]. In addition to the PVA
peak, the planes of the three peaks (hkl) at
20 = 27.47°, 33.34° and 55.69°, 57.16° belonging to the
Bi,O; structure are (120), (200) and (— 222).
UV-Visible absorption spectrums of PVA com-
posite films measured in the range of 200 nm to
1100 nm are examined (Fig. 12). The peak peak at
275 nm can be attributed to the m—m* transitions of
PVA caused by the C=0O and C=C bonds, as seen in
Fig. 12a; the absorbances of nanocomposite films are
higher compared to pure PVA. As the proportion of
Bi,Oj3 increases, the absorbance increases. This results
from the presence of Bi,O3; nanoparticles dispersed in
the polymer that absorbs the incoming radiation
[46, 47]. As similar to Bi,O3;/PVA samples, the
absorbance value of BiO3;/CQDs/PVA samples
increases with parallel to the Bi,O3 concentration of
samples (Fig. 12 b). The hydroxyl and isothiocyanate
or thiocyanate functional groups are present on the
synthesized CQDs surface. This can increase the n-n*

@ Springer
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Fig. 9 a Emission spectra of CQDs solution under different excitation wavelengths, b Normalized PL spectra of the CQDs excited by

different wavelength

/
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Fig. 10 FTIR spectra of CQDs
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Fig. 11 XRD pattern of polymer nanocomposite films
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transitions and increase the measured absorbance
values [48].

The transmittance spectra of pure PVA and
nanocomposite films are given in Fig. 13. As seen in
all patterns, nanocomposite films with Bi;O; and
CQDs added show lower transparency in the visible
region than pure PVA film. The decrease in perme-
ability can be attributed to the aggregation and the
increase in the number of charge carriers, which
occurs due to increasing concentrations of BiOj
nanoparticles in the composite films[46, 47].

In Fig. 14, reflectance spectra of pure PVA and
nanocomposite films are presented. When these
spectra are examined, it will be seen that the reflec-
tion rate increases as the amount of Bi,O; additive
increases. This is an expected result of agglomera-
tions that may occur due to increased Bi,O3 concen-
tration [49].

The absorption coefficient is a distinguishing fea-
ture of absorbent materials. The absorption coeffi-
cient expresses the ability of a substance to absorb
light of a certain wavelength per unit length. The
absorption coefficients of CQDs and Bi,O; doped
PVA composite films are shown in Fig. 15. It is seen
from the graph that the absorption coefficient is rel-
atively low at high wavelengths, that is, at low
energies. This indicates low absorption and means
that the probability of electron transition is low. As
the wavelength decreases, that is, as the energy
increases, a significant increase in the absorption
coefficient is observed. At higher energies, the
absorption is significantly increased, indicating the
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Fig. 12 Absorbance pattern of a Bi,O3/PVA and b Bi,03/CQDs/PVA nanocomposites

Fig. 13 Transmittance pattern of a Bi,O3/PVA and b Bi,O3/CQDs/PVA nanocomposites

Fig. 14 Reflectance pattern of a Bi,O3/PVA and b Bi,03;/CQDs/PVA nanocomposites
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Fig. 15 Absorption Coefficient pattern of a Bi,O3/PVA and b Bi,O3/CQDs/PVA nanocomposites

Fig. 16 Excitation coefficient pattern of a Bi,O3;/PVA and b Bi,03;/CQDs/PVA nanocomposites

high potential of electron conduction. The absorption
coefficient in nanocomposite films increases with
increasing Bi,Os; contribution. The increase in the
absorption coefficient creates the expectation of direct
electron transfer at higher energies [47, 50].

The extinction coefficient (k) expresses the differ-
ences in the loss of electromagnetic energy caused by
photon scattering and absorption per unit thickness.
It is a distinctive feature. Figure 16 shows the change
in extinction coefficient values of all composite films
as a wavelength function. It is clearly seen from
Fig. 16 that the damping coefficient increases with
the increase of Bi,O5; additive concentration. This can
be attributed to the high absorption coefficient. In
addition, k increased with increasing wavelength
[25, 47, 49].

The energy band gaps of the composite PVA films
were determined using the UV-Vis spectroscopy
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technique. The graphs in Fig. 17 show the energy
band gaps of all films against photon energy. The
optical band gap was determined by the Tauc
method. The energy band gaps of the composite films
were found between 5.37 eV and 2.75eV. It was
found as 5.37 eV, 5.3 eV, 522 eV, 5.13 eV, 3.16 ¢V,
3 eV, 285¢eV and 2.75 eV for PVA, PB1, PB2, PB3,
PVACDs, PBC1, PBC2 and PBC3, respectively. As can
be seen from the graph, the optical band gap
decreased as the amount of Bi,O5; additive increased
in PVA composite films. Optical band gap energy of
CQDs doped Bi,O3-PVA composite films are shown
in Fig. 17.

The concentrations of bismuth oxide and carbon
dot nanoparticles in the prepared polymer composite
films affect the values of their optical bandgaps.
When compared to pure PVA, the optical energy
bandgap of polymer composite films decreased with
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Fig. 17 Band gap energy of prepared a Bi,O3/PVA and b Bi,O3;/CQDs/PVA nanocomposites

an increase in nanofiller weight. The band gap gets
decreasing as doping levels increase, according to
numerous studies reported [51-54]. This pattern was
noticed because nano-filler particles may organize
themselves in the polymer matrix, creating conduc-
tive paths where electron hopping can take place. A
change in the valence and conduction bands as well
as an improvement in carrier-carrier interaction
result from this situation. The bandgap is lowered as
a result of the high carrier concentration in the
valence and conduction bands [55]. In some studies,
this behaviour is explained by the fact that the used
nanofiller can cause defects in the PVA polymer
matrix [56] and producing more defects and charge
carriers within the PVA polymer band [57]. The
charge transport complexes that exist in the energy
bands between HOMO and LUMO may have caused
to the decrease in Eg values. From to XRD data, the
result is consistent with the increased PVA disor-
dering degree for the obtained composite structure
[58]. This result’s sophisticated combination between
fillers and PVA chains illustrates the host matrix’s
researched engineering optical band gap. Adjusting
the band gap makes the PVA/Bi203/CQDs polymer
composite suitable for optoelectronic applications.
The schematic illustration of bandgap energy of the
polymer composite film is shown in Fig. 18.
Refractive index is generally written as n =n + ik,
here, the refractive index is a complex function with a
real portion (linear refractive index) and an imagi-
nary part (extinction coefficient). Using the ratio
(02 —1)/(n2+2) = 1— (Ey/20)"*(n? 1)/
(* +2) = 1B,/ 20)'/2, the n values for the polymer
nanocomposites around the wavelength of an
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Fig. 18 The schematic illustration of bandgap energy of polymer
composite film

absorption edge can be determined from their Eg
values [59]. An important consideration when
employing materials to utilise optical instruments,
optoelectronic devices, filters, optical switches,
modulation, light-emitting diodes, and waveguides is
the index of refraction (n) [60]. The n values for the
obtained Bi,O3;/PVA and Bi,O;/CQDs/PVA films
were established using the relation Eg = Egq, (Egg,
direct band gap of sample) and the obtained results
are shown at Fig. 19. As filler dopant concentrations
increased, the polymeric film’s refractive index
increased as well, which was perfectly consistent
with the findings of the current study. The obtained
results of the refractive index showed the consider-
able influence of the Bi,O; and CQDs dopants on the
PVA composite films, which suggested the proposed
films to be possibly a promising, adaptable candidate
in optoelectronic devices [61]. The increase in packing
density of the produced nanocomposite film, which is
reported in the literature [46, 62, 63], might be the
cause of the refractive index increase with concen-
tration. This situation results from an increase in
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Fig. 19 Refractive index of a Bi,O3/PVA and b Bi,0;/CQDs/PVA nanocomposites

Table 3 Color parameters,

whiteness index and L a b AE Yellowness Whiteness

zzggzx;;ﬁe;l;fsthe PVA 87.750 ~ 1.080 0.890 3.661 1.449 87.670
PB1 85.130 — 1.400 2.970 6.614 4.984 84.772
PB2 83.540 — 1.940 5.060 8.931 8.653 82.671
PB3 85.760 —3.920 9.450 10.605 15.742 82.466
PVACDs 81.730 ~1.930 28.080 28.853 49.082 66.444
PBCI 69.120 — 1.450 24.140 32.196 49.894 60.777
PBC2 76.490 ~1.760 28.820 31.653 53.827 62.765
PBC3 74.440 0.380 35.540 38.595 68.206 56.222

reflection brought on by an improvement in the
refractive index brought on by a rise in the incoming
photon’s dispersion [64]. Also it may have linked this
increase to the creation of intermolecular interactions
between the filler and the OH group in PVA [63].
For optical applications, a change in colour shade
or intensity is a crucial practical characteristic. To
assess and quantify the color variation of the syn-
thesized polymer nanocomposite films, a colourime-
try investigation was conducted. Table 3 provides an
overview of the mean deviation of the CIELab coor-
dinates L*, a*, and b* and the DE (total color differ-
ence) values for acquired films [65]. With the
inclusion of more Bi,Oj particles, the yellowness of
the films produced increased, and this rise gained
significant momentum with the addition of CQDs to
the composite structure. This decline can be brought
on by the scattering of light caused by the inclusion of
filler in the polymer matrix [27]. The inclusion of
CQDs resulted in a drop in the determined whiteness
ratio. Despite having a high yellowness index, CQDs
doped nanocomposite films may be used as food
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packaging materials since they are equivalent to
normal films [66].

Optical opacity is an important parameter used to
assess the transparency of a film. A higher opacity
value indicates a more transparent film. Figure 20
demonstrates, the transparency and opacity results of
the obtained films. CQDs nanoparticles had a more
significant influence on the film’s transparency and
yellowness. It has also been demonstrated that the
nanocomposite films prepared here could also be
used as beneficial UV barriers [67]. It has been noted
that the edible polyvinyl alcohol films’ transparency
decreased when chitosan was added [68].

4 Conclusion

The engineering of new or unique polymer composite
materials has become essential for usage in several
optoelectronic and nanodevice applications, includ-
ing photovoltaics, solar cells, light filters, and UV
detectors. In this study, morphology, structure and
optical properties of PVA nanocomposites reinforced
with bismuth oxide nanoparticles and carbon
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Fig. 20 Transparency and opacity at 600 nm of a BiO3/PVA, b Bi,03/CQDs/PVA nanocomposites

quantum dots (CQDS) were investigated. Green
outer hull of the Prunus dulcis is chosen without the
use of any hazardous chemicals or difficult tech-
nologies, green methods and techniques have been
employed in a simple and affordable manner to
produce CQDs from the natural source for the first
time. It has been determined that the synthesized
CQDs have an amorphous structure from X-ray pat-
tern. As a result of the TEM analysis, the average
particle size was calculated to be 31 nm. The obtained
CQDs gave a maximum PL peak at 405 nm when
excitaed at 330 nm. More over, excitation dependent
emission (tunable emission colour) is observed from
this novel nanodots. Bi,O3 nanorods were produced
using bismuth nitrate precursor using a sonochemical
method. In the XRD examination, it was observed
that Bi,O; has a monoclinic structure. The morpho-
logical properties of the synthesized Bi,O; were
examined by TEM analysis, and it was observed that
the particles had a diameter of 448 nm. For Bi,Oj
nanostructures, the direct band gap value was
2.82 eV. Polymer composite films were synthesis
with solution casting methods with using PVA. The
degree of crystallinity of Bi,O; is reduced with
introducing PVA polymer is found. As the amount of
Bi,O; additive to the composite films increased, the
optical transmittance decreased from 90 to 40%.
Similarly, as the bismuth additive ratio increased, the
energy gap value decreased from 5.37 eV to 2.75 eV.
R, o and k values increased as the bismuth content in
the composite films increased. The refractive index of
prepared nanocomposite films was enhanced by
introducing Bi,O3 and further increased with CQDs
doped samples. This novel polymer composite
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material has potential use in optoelectronics and
sensors for future applications.
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