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Abstract 
In the present study, a flexible Polyvinyl Alcohol-Expanded Graphite-based 
triboelectric Nanogenerators (PEGr-TENG) is designed to harvest low-frequency 
mechanical vibrations and convert them into electricity. The device is fabricated using 
a Polyvinyl Alcohol-Expanded Graphite (PVA-EGr) composite film as the 
tribopositive layer, Polyurethane (PU) as the tribonegative layer, and aluminum (Al) 
foil tape as the electrode. The morphological and elemental analysis of the pristine 
PVA and composite layers was conducted using SEM and EDS. Electrical 
characterization of the fabricated devices revealed that the PEGr-TENG with 0.4 g of 
EGr generated the highest output which is utilized for further characterizations and 
applications. The device is demonstrated to charge several capacitors and power a 
series of LEDs, showcasing its practical application in self-powered electronics. 
 
Keywords: Triboelectric nanogenerator, expanded graphite, self-powered devices, 
energy harvesting, wearable electronics 
 

1 Introduction 
In today's energy-demanding world, triboelectric nanogenerators (TENGs) have 
emerged as transformative devices capable of harnessing mechanical motion to 
generate electrical power. These devices, operating on the principles of 
triboelectrification and electrostatic induction, are essential for driving the evolution 
of self-sustaining technologies [1]. The selection of materials for TENG fabrication 
plays a pivotal role in optimizing performance, with each component contributing 
significantly to the device's efficiency and output [2]. 
 
Expanded graphite (EGr) stands out as a crucial material in TENG fabrication due to 
its excellent electrical conductivity and high surface area, enhancing the triboelectric 
effect and improving electrical output performance [3]. Polyvinyl Alcohol (PVA) is a 
water-soluble synthetic polymer known for its film-forming properties. It is utilized 
in TENGs for its flexibility, mechanical strength, and ability to form uniform films, 
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essential for effective triboelectric performance [4]. Integrating EGr into the PVA 
matrix creates a composite material that significantly enhances triboelectric 
performance and overall device efficiency. 
 
In this study, a flexible Polyvinyl Alcohol-Expanded Graphite-based TENG (PEGr-
TENG) is fabricated. To understand the impact of EGr on the electrical output 
performance of TENG, five different devices were fabricated with varying 
concentrations of EGr in the PVA matrix (0.1, 0.2, 0.3, 0.4, and 0.5g). The optimized 
device underwent further characterization and application testing to demonstrate its 
potential in practical, self-powered electronics.  

 
2 Experimental details 

EGr was obtained from Sd fine-chem. Ltd., India. Commercial Al foil tape was 
utilized to assemble the TENG devices. The materials and the preparation of PU film 
is discussed in our previous work [5]. To prepare a homogeneous PVA solution, 100 
ml of deionized (DI) water is heated to 60 °C in a beaker, and 7 g of PVA powder is 
slowly added and stirred with a magnetic stirrer for 20 minutes. Then, 0.4 g of EGr 

Fig. 1 (a) The schematic illustration of PVA-EGr solution formation and the device fabrication. SEM 
image of (b) pristine PVA and (c) PVA-EGr composite film. EDS spectrum of (d) pristine PVA and 
(e) PVA-EGr composite film. 
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powder is added to the PVA solution and stirred for an additional 10 minutes to 
achieve a uniform composite solution, maintaining the temperature at 60 °C. The 
solution is cast into a petri dish and allowed to dry at room temperature for 2 days and 
the dried film is carefully peeled off (Fig. 1a). 
To fabricate the device, a section of a polyethylene terephthalate (PET) waste-water 
bottle was utilized, as detailed in our prior research [6]. The PU layer and PVA-EGr 
composite film were cut into 4 x 4 cm2 dimensions, pasted on Al foil tape, and used 
as the top and bottom triboelectric layers. The frictional layers were adhered to the 
inner surface of the water bottle, forming an arch-shaped structure. The photographic 
image of the device is depicted in the inset Fig. 1a.  
 
3 Results and discussion  
Surface morphology and elemental composition of the prepared films were studied 
using scanning electron microscopy coupled with energy-dispersive X-ray 
spectroscopy (SEM with EDS, Zeiss EVOLS15, Germany). The SEM image of 
pristine PVA (Fig. 1b) reveals a flat and smooth surface, indicating the uniformity of 
the thin film. In contrast, the SEM image of the PVA-EGr composite film 
demonstrates a uniform distribution of EGr particles, which increases surface 
roughness and contact surface area, thereby enhancing the triboelectric performance 
of the device (Fig. 1b). The EDS spectrum of pristine PVA film (Fig. 1c) shows the 
expected C and O content, validating its purity. In contrast, the EDS spectrum of PVA-
EGr composite film (Fig. 2d) exhibits higher C content, which improves surface 
charge density and performance of the PVA-EGr TENG [7]. 
 
The electrical measurements were conducted using a Keithley source measure unit 
(model 2460, USA). The electrical properties of PEGr-TENG devices were 
investigated in vertical contact-separation mode. The device was attached to a custom 
linear motor for consistent contact and separation, with a 4 x 4 cm2 active area and a 
2 cm gap between layers. When an external force brings the layers into contact, 
contact electrification takes place, transferring electrostatic charges to their surfaces,  
creating surface charge density. Upon releasing the force layers separate from each 
other, inducing a potential difference, which drives electron flow through an external 
load. Electron accumulation depends on the gap distance, diminishing to zero at 
maximum separation (2 cm). Reapplying the force causes charges to flow in the 
opposite direction due to electrostatic induction, initiating a negative current cycle. 
This continuous contact-separation cycle generates alternating current (AC) by TENG 
devices. 
The generated voltage and current of PEGr-TENGs with varying EGr concentrations 
were analyzed. Increasing the filler concentration enhances the output performance 
up to a certain point (0.4g). Beyond this optimal concentration, further increases lead 
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to a reduction in output due to the agglomeration of nanoparticles in the composite 
film, as detailed in Table1. The output behavior of the optimized device was analyzed 

with varying operational frequencies. Both generated voltage and current increased 
Fig. 2 (a) The generated voltage and (b) current signals by PEGr-TENG. (c) The output performance 
with respect to varying operational frequency. (d) The generated voltage and current behavior with 
increasing applied force. (e) The electrical stability test. (f) The charging curves of the capacitors. (g) 
The energy stored in each capacitor. (h) Powering LEDs (Inset Fig.; circuit diagram). 
 
with the frequency up to 5 Hz, the device's resonance frequency. Beyond this 
threshold, the output reduced due to rapid contact separation, preventing the frictional 
layers from reaching their maximum separation distance (Fig. 2c). The output 
performance of the device was studied under varying applied forces, showing that 
both voltage and current increased with applied force (Fig. 2d). Mechanical durability 
and electrical stability were tested over 5000 cycles, with no visible fluctuations in 
output (Fig. 2e), demonstrating the device's robustness and reliability. 
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Table1: Electrical output performance of PEGr-TENG. 
Further, the practical application of the PEGr-TENG was demonstrated by charging 
three commercial capacitors (2.2 µF, 3.3 µF, and 4.7 µF) to 6.7 V, 5.02 V, and 2.97 
V, respectively (Fig. 2f). The energy stored, calculated using E = ½ CV2, showed the 
2.2 µF capacitor stored 49.37 µJ, which can be used to power small electronics (Fig. 
2g). The device also powered 82 green LEDs (Fig. 2h), showcasing its potential for 
self-powered electronics. 
 
4 Conclusion 
In this study, we developed a PEGr-TENG device using PVA-EGr composite films 
and PU layer as frictional layers and Al electrodes. SEM and EDS analyses confirming 
enhanced surface roughness and carbon content, improving performance of TENG 
device. Electrical tests showed optimal output with EGr concentrations up to 0.4g and 
at 5 Hz frequency. The device demonstrated mechanical durability over 5000 cycles 
and successfully charged capacitors and powered LEDs, showcasing its potential for 
self-powered electronics. This work highlights the device’s efficiency and robustness 
in energy harvesting applications. 
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Abstract 
The work demonstrates the forces acting on the NACA 0012 symmetrical aerofoil, 
whose simulation is performed on ANSYS. Since the NACA 0012 is a symmetric 
aerofoil, the above and below characteristics appear to be the same for a 0 degree 
angle of attack. Therefore, the simulation generates a more pronounced effect by 
increasing the angle of attack, which generates a larger lift force on the aerofoil. The 
corresponding pressure plot indicates a region of higher pressure under the aerofoil 
and lower pressure above it, which gives rise to the thrust. In addition, the output 
identifies the 1-D Plots of lift and drag coefficients to converge to a reasonable value 
over a period of 1000 iterations. Thus, the work addresses the design, mathematical 
modeling, iteration, pressure coefficient contour and calculation of aerofoil 
characteristics, which depend on variables such as the Angle of Attack and Reynold’s 
number. 
 

Keywords: Aerodynamics; ANSYS; NACA 0012; Reynold’s Number; Lift; Drag  
 

1 Introduction 
The pressure contour is useful in understanding the workings of an aerofoil. The 
pressure plot indicates a region of higher pressure under the aerofoil and lower 
pressure above it. This pressure difference gives rise to the thrust force. Since the 
NACA 0012 is a symmetric aerofoil, for a zero degree angle of attack the top and 
bottom regions appear to be the same. A more pronounced effect can be obtained by 
increasing the angle of attack, which generates a larger lift force on the 
aerofoil.  However, the angle of attack can only be increased until a certain extent or 
the plane will begin to stall, where the change in the angle of attack has no effect on 
the lift. Stall condition gives rise to instability by causing recirculation along the 
foil.[1] In this paper, we attempt to simulate the NACA 0012 aerofoil characteristics 
using ANSYS for computational fluid modeling. 
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2 Materials and Methods/Model 
Data points of the NACA0012 aerofoil are obtained from the UIUC database. These 
data points must be edited in Excel as per Ansys convention to include grid numbering 
and axis formatting. The simulation is performed as a workbench project using 
DesignModeler. The .txt dataset that corresponds to the NACA 0012 geometry is 
plotted as a 3d curve. Lines from Points option is used to connect the edges to make 
an aerofoil surface. The chord length is set to 1m, while the radius of the circle must 
be 10m (10c) and the length of the rectangle is taken as 20m (20c). The Surface from 
Sketch option is used to convert the sketch to a surface by selecting the bounding 
sketch layout. To set up the geometry for Meshing, the outer domain is split along the 
ZX axis before generating Face splits until it gives rise to a total of 6 parts within the 
domain. For a CFD simulation to work, we need to treat the surface as a fluid. Hence, 
use the 2 Parts, 2 Bodies option and select the Surface body to define Fluid/Solid 
dropdown as Fluid. 
 
The build can be meshed, where the Face Mesh uses the Quadrilateral Method. The 
top left and bottom boundaries of the outer domain is set and named as the Inlet. 
However, the right-most boundary wall is set as an Outlet. The aerofoil boundaries 
(including the small trailing edge) is set as the Aerofoil Wall. The Element Type is 
swapped with Number of Divisions and defined to be 100. The mesh is performed with 
an intent to design a high concentration of the mesh along the surface of the aerofoil. 
It is essential to change the capture curvature to No to find the Edge sizing behavior, 
which is set as Hard. A Bias of Increasing line length is added with a Bias factor to 
500. This would have generated a bias of favoring more mesh density towards the 
aerofoil. The Sizing and Bias are adjusted until there is a large Mesh concentration 
near the Aerofoil. The Mesh is observed for inconsistencies - if certain geometric 
segments are deformed - the Capture curvature option could offer a better rendition. 
 
The simulation inputs are fed into the solver to study the performance of the aerofoil 
at different conditions. This simulation runs on the default Pressure Based and Steady 
State Solver, where the Viscous (SST k-Omega) is selected for the Model. It is 
excellent in predicting aerofoil separation and recommended for most aerofoil 
simulations. [3] To simulate a wind tunnel air flow the Inlet Boundary conditions are 
set to 30 m/s along the X axis as a back test parameter. The Outlet Pressure Boundary 
Condition adds a constant pressure to the ends of the domain. The Solutions obeys the 
Coupled numerical scheme, using the Second Order Upwind for higher accuracy. Lift 
and Drag are added to Report Definition, while ensuring the variables used are marked 
with the right axes. Eg. Lift uses Y=1, while Drag uses X=1. Under Monitors the 
Residuals help set an acceptable convergence value such as 1e-6. Using a hybrid 
Initialization, the calculation is Run at 1000 iterations. 
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3 Results and Discussions 
Air is assumed as the outer fluid, with default density of 1.225 kg/m3 and default 
viscosity of 1.7894x10-5 kg/(ms). We perform a Wind tunnel simulation for a Chord 
Length of 1m and a Reynold’s number of 3x106 at a 4-degree Angle of Attack. From 

𝑅𝑅𝑅𝑅 = 𝜌𝜌𝑣𝑣𝑣𝑣
µ

 we obtain 𝑣𝑣 = 3 ×106×1.7894×10−5

1.225∗1
 = 43.82204082 m/s. The X and Y vector for 

the velocity inlet was found to be 43.82204082 × 𝑐𝑐𝑐𝑐𝑐𝑐(4) = 43.71529253 𝑚𝑚/𝑠𝑠 and 
43.82204082 × 𝑠𝑠𝑠𝑠𝑠𝑠(4) = 3.05687104 𝑚𝑚/𝑠𝑠. The Drag Inputs are cos(4) = 
0.9975640503 and sin(4) = 0.0697564737, while the Lift inputs are                                                                        
- sin(4) = -0.06975647374 and cos(4) =0.9975640503 for the X and Y vectors. 

 
Fig. 1 Geometry and Meshing                        Fig. 2  Scaled Residuals 

 
Fig. 3 Converged Lift Plot           Fig. 4 Converged Drag Plot 

 
              Fig. 5 Velocity Contour Plot     Fig. 6 Static Pressure Contour Plot 
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Fig. 7 Pressure Coefficient Vector Plot     Fig. 8 Pressure Coefficient Distribution 

The above outputs are rendered for a 4-degree angle of attack. As Lift acts at a 
perpendicular, we obtain the above values through trigonometry. Above, the Lift and 
Drag components are depicted using X and Y components to interpret force vectors 
parallel to the flow. Furthermore, the density and viscosity of air changes with 
temperature and altitude.[2] Hence, for a simulation of an aerofoil at 10,000 ft would 
require modifications for the preliminary constants. 
 

4 Conclusions 
The 1d Plots of lift and drag coefficient converge to a reasonable value over a period 
of 1000 iterations. The flow field was illustrated by the use of velocity magnitude 
vectors or pathlines to depict the streamlines passing through the aerofoil. The 
velocity contour plot illustrates a stagnation point on the leading edge with a 
discontinuity at the trailing edge, which creates a streak in the streamline all the until 
the domain edge. The velocity at the stagnation point is zero and increases past the 
point. The flow also depicts a loss in moment and slows down as it passes along the 
trailing edge. Furthermore, due to the no slip condition, the velocity is observed to be 
almost zero at the wall and slowly increases as it is away. Therefore, the simulation 
was able to successfully demonstrate the NACA 0012 characteristics of streamline 
flow, velocity and pressure distribution. The outputs and the results are in accordance 
with the initial investigation outline. 
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Abstract 

Triboelectric nanogenerators (TENGs) have emerged as cutting-edge technology in 
the fields of nanoenergy and nanotechnology. In the present study, a flexible polyvinyl 
chloride multiwall carbon nanotube-based TENG (PMC-TENG) with dimensions of 4 
x 4 cm² was designed to harvest low-frequency mechanical vibrations and convert 
them into electricity. The device was fabricated using a composite film of polyvinyl 
chloride (PVC) and multi-walled carbon nanotubes (MWCNTs) with varying 
concentrations of MWCNTs as the tribonegative layer, and aluminum (Al) as both the 
tribopositive layer and electrode. Morphological and elemental analyses of the 
composite layers were conducted using scanning electron microscopy (SEM) and 
energy-dispersive X-ray spectroscopy (EDS). Electrical characterization of the 
devices revealed that the PMC-TENG containing 0.028 g of MWCNTs generated the 
highest output, achieving a voltage of 150.43 V and a current of 2.418 µA. 
Furthermore, the electrical output generated by the TENG was employed to charge 
capacitors and power light-emitting diodes (LEDs). These findings suggest that 
incorporating MWCNTs into the PVC matrix enhances energy harvesting 
capabilities, thereby opening new avenues for self-powered applications. 
 
Keywords: Triboelectric nanogenerator, multiwall carbon nanotubes, energy 
harvesting, self-powered devices. 
 

1 Introduction 
Triboelectric nanogenerator (TENG) harnesses various low-frequency mechanical 
energies present in the ambient environment into electrical energy, making it a 
versatile and sustainable solution for powering portable electronics and self-powered 
sensing applications [1]. The underlying mechanism of TENGs involves two key 
phenomena: triboelectrification, which is the generation of electrical charge through 
the frictional contact between different materials, and electrostatic induction, which is 
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the generation of electric potential due to the separation of charged surfaces. When 
two materials come into contact and then separate, electrons transfer from one material 
to the other, creating a charge imbalance. This charge imbalance induces an electric 
potential difference, which can be harnessed as electrical energy. Compared to other 
energy harvesting technologies, TENGs are distinguished by their high instantaneous 
output power, a broad selection of available materials, eco-friendly and cost-effective 
fabrication processes, and the ability to be customized for various working modes 
tailored to specific applications [2]. 
 
Polymers are widely used materials for TENG fabrication because of their lightweight 
features, easy processability, durability, and tannable surface properties [3]. In the 
present work, PVC has been utilized along with different concentrations of MWCNTs 
to fabricate the TENG devices. The electrical performance of the devices was checked 
and the optimized device with additional characterization is demonstrated for 
applications to showcase its viability for use in wearable electronics and self-powered 
sensors [4]. 
 

2 Experimental details 
Polyvinyl chloride (PVC) was obtained from Sd Fine-Chem Ltd., India, and multi-
walled carbon nanotubes (MWCNTs) were procured from Adnano Technologies Pvt. 
Ltd., India Commercial aluminum (Al) foil tape was used to assemble the TENG 
devices. To prepare the PVC-MWCNT composite thin film, 10 g of PVC powder was 
dissolved in 100 ml of tetrahydrofuran (THF) solvent and stirred using a magnetic 
stirrer for 10 minutes to create a 10% PVC solution. Subsequently, incremental 
amounts of MWCNTs (0.007, 0.014, 0.028, 0.056, and 0.112 g) were added to the 
PVC solution with an additional stirring period of 10 minutes to ensure uniform 
dispersion. The resulting PVC-MWCNT solution was cast into a petri dish and 
allowed to air-dry at room temperature for 24 hours, forming a thin film. This thin 
film was then carefully peeled off from the petri dish for further applications (Fig. 1a) 
[5]. 
 
The PMC-TENGs were fabricated using the common PVC-MWCNT composite film 
as one frictional layer and an aluminum sheet as the opposite frictional layer. The 
aluminum sheet served as both the top and bottom electrodes of the TENG devices. 
The frictional layers were cut into 4 x 4 cm² dimensions and adhered to the Al foil 
tape. The fabricated device was placed inside an arc-structured cut portion of a 
polyethylene terephthalate (PET) waste-water bottle to enhance its stability (Fig. 1b). 
 
3 Results and discussion  

The surface morphology and elemental composition of the prepared films were 
analyzed using scanning electron microscope (SEM) coupled with energy-dispersive 
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X-ray spectroscopy (EDS), utilizing a Zeiss EVO LS15 (Germany) [6]. The SEM 
image of the PVC-MWCNT film (Fig. 1d) shows a uniform distribution of MWCNT 
particles, which enhances surface roughness and contact surface area, thereby 
improving the triboelectric performance of the device (Fig. 1b) [7]. The EDS spectrum 
of the PVC-MWCNT film (Fig. 1e) confirms the presence of carbon (C) and oxygen 
(O), validating the material's purity. Additionally, the higher carbon content in the 
EDS spectrum increases surface charge density, further enhancing the performance of 
the PMC-TENG [8]. 

 
Fig. 1(a) The schematic illustration of PVC-MWCNTs film preparation and (b) Device fabrication. (c) 
Real image of fabricated PMC-TENG device. (d) SEM image and (e) EDS spectrum of PVC-MWCNTs 
composite film. 
 
Electrical measurements were conducted using a Keithley source measure unit (model 
2460, USA). The electrical properties of the PMC-TENG devices were investigated 
in a vertical contact-separation mode. The device, with an active area of 4 x 4 cm² and 
a 2 cm gap between the layers, was mounted on a custom linear motor to ensure 
consistent contact and separation. When an external force brings the layers into 
contact, contact electrification occurs, transferring electrostatic charges to their 
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surfaces and generating surface charge density. Upon release of the force and 
separation of the layers, a potential difference is induced, driving electron flow 
through an external load. The amount of electron accumulation depends on the gap 
distance, decreasing to zero at the maximum separation of 2 cm. Reapplying the force 
causes charges to flow in the opposite direction due to electrostatic induction, 
initiating a negative current cycle. This continuous contact-separation process 
generates alternating current (AC) in the TENG devices. The working mechanism of 
the device is illustrated in Fig. 2a.           

      Fig. 2 (a) Working mechanism of the PMC-TENG (b) The generated voltage and (c) current 
signals by PMC-TENG. (d) The electrical stability test. (e) The charging curves of the capacitors. (f) 

Powering LEDs.   
        Table 1: Electrical output performance of PMC-TENG. 

       Frictional layers Electrical output performance  

Bottom                                Top    Voltage (V) Current (µA) 
PVC-MWCNTs(0.007g)        Al         

 

133.23 2.13 
PVC-MWCNTs(0.014g)        Al 112.87 2.40 
PVC-MWCNTs(0.028g)       Al 150.43 2.42 
PVC-MWCNTs(0.056g)        Al 80.38 2.00 
PVC-MWCNTs(0.112g)        Al 76.11 1.89 
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The voltage and current generated by PMC-TENGs with different MWCNT 
concentrations were examined at an operating frequency of 6 Hz using a custom-made 
linear motor. It was observed that increasing the filler concentration enhanced the 
output performance up to an optimal point (0.028 g). Beyond this concentration, 
further increases led to a decline in output due to the agglomeration of nanoparticles 
within the composite film, as detailed in Table 1. The generated signals of voltage and 
current for different MWCNT concentrations are shown in Figs. 2b and 2c, 
respectively. Mechanical durability and electrical stability were tested over 5000 
cycles, with no noticeable fluctuations in output (Fig. 2d), demonstrating the device's 
robustness and reliability. Additionally, the practical application of the PMC-TENG 
was demonstrated by charging three commercial capacitors (2.2 µF, 3.3 µF, and 4.7 
µF) to 6.7 V, 5.02 V, and 2.97 V, respectively (Fig. 2e). The device also successfully 
powered 25 green LEDs (Fig. 2f), showcasing its potential for self-powered 
electronics. 
 

4 Conclusion 
In the present study, a PMC-TENG device has been developed utilizing PVC-
MWCNTs composite films and an Al layer as frictional layers, paired with Al 
electrodes. SEM and EDS analyses confirmed increased surface roughness and carbon 
content, which enhanced the TENG device's performance. Electrical tests revealed 
optimal output with MWCNTs concentrations of 0.028g at an operating frequency of 
6Hz. The device showed mechanical durability over 5000 cycles and successfully 
charged capacitors and powered LEDs, demonstrating its potential for self-powered 
electronics. This work underscores the device’s efficiency and robustness in energy-
harvesting applications. 
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Abstract 
The 1%, 2%, and 3% percentages of Ni-doped Zn2TiO4 nanopowders were prepared 
by sol-gel technique and calcined at 800°C for 4 hours. The synthesized nanopowders 
exhibit cubic structure in all percentages of Ni-doped Zn2TiO4. FTIR and Raman 
spectroscopy ascertain the presence of ZnO and TiO2. The thermal study is analyzed 
between 100°C to 400°C by thermogravimetric analysis. In diffused reflectance 
spectroscopy, doping of Ni as a percentage increases as the direct optical bandgap 
energy decreases to a lower energy band spectrum. The dielectric constant (k) and 
dielectric Loss (tan δ) decrease with increasing frequency in different temperature 
ranges in all doping percentages. The electrical conductivity (σac) in all the 
percentages of Ni-doped Zinc titanate as increases with an increase in all 
temperatures which shows that nickel-doped zinc titanate nanopowders are suitable 
for optical behavior applications. 
 
Keywords: Ni-doped Zn2TiO4, sol-gel method, optical band gap (Eg), dielectric 
constant & loss, AC conductivity. 
 

1 Introduction 
The transition metal oxide of NiO is a semiconductor nanoparticle with a wide optical 
band gap and remarkable dielectric properties. The physiochemical stability of NiO 
nanoparticles may be used in various technical applications. Due to the unique 
chemical stability of nickel on zinc sites, Ni-ZnO-TiO2-based composites are 
considered the most efficient due to their improved optical, dielectric, and electrical 
properties. Few studies have been focused on understanding how Nickel doped with 
transition metal compounds affects its dielectric and conduction properties during low 
and high-temperature evolution [1-3]. This research article aims to investigate the 
synthesis and characterization of the structural, thermal, optical, and dielectric 
properties of various percentages of Ni-doped Zn2TiO4 NPs. 
 
2 Material and method 
Zinc acetate dihydrate, Nickel (II) nitrate hexahydrate, Titanium (IV) oxide, and 
Oxalic acid dehydrate are procured from Merck and utilized as purchased. Ethanol is 
used as the solvent. The sol-gel method of synthesizing a stoichiometry equimolar 
ratio of Zn2TiO4 precursor solution was formulated using a sol and gel procedure. All 
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percentages of Ni are added and form a homogenous mixture with Zn2TiO4. A cloudy 
greenish sol-gel suspension was obtained. The sol-gel is dried overnight and 
calcinated at 800°C for 4 hrs. Finally, the desired Ni-doped nanopowders are obtained. 
 
3 Results and Discussion 
The powder XRD results of Ni-doped Zn2TiO4 in all the NPs are in cubic phase with 
lattice constant a = b = c = 8.4190 Å. The structures of Zn (Ni0.8 Zn0.2 Ti) O4 compound 
are identified with the help of JCPDS card No (01-080-1689) [3,4]. In the powder xrd 
pattern, the maximum peak intensities are obtained at 35.33° in the percentage of Ni-
doped NPs and ascertain the structure formation. The powder XRD spectra of Ni-
doped Zn2TiO4 in all the NPs are given in fig. (1) 

Fig. 1 Powder xrd of %s of Ni-doped Zn2TiO4 NPs. 

 
Fig. 2 TGA curve of %s of Ni-doped Zn2TiO4 NPs. 
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Figure 2. represents the TGA curve of Ni-doped Zn2TiO4.  The weight loss percentage 
of all Ni-doped Zn2TiO4 NPs was found by TGA analysis between 100°C and 1000°C. 
The weight loss occurs in all Ni-doped Zn2TiO4 NPs starts at 175°C and exhibits two-
stage decomposition.  

Fig. 3 (a) FTIR spectrum of %s of Ni-doped Zn2TiO4 NPs. 

Fig. 3 (b) Raman spectrum of %s of Ni-doped Zn2TiO4 NPs. 
 
Fig.3 (a & b) represents the FTIR and Raman spectra of all Ni-doped Zn2TiO4 NPs 
respectively. The vibrational band appeared at 599 cm-1 in FTIR and 611cm-1 in 
Raman representing the presence of Ti-O for all the percentages of Ni. Vibrational 
peaks appear at 421 to 424 cm-1 in FTIR and 447 cm-1 in Raman describing the 
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existence of Zn-O. The spectral intensity decreases and the peak becomes broader 
when the percentage of Ni in Zn2TiO4 increases [5, 6]. Wave number and Vibrational 
assignment of FTIR and Raman spectra of Ni-doped Zn2TiO4 NPs are shown in 
Table1. 
 
Table 1: Comparison of FTIR and Raman spectra of %s of Ni-doped Zn2TiO4 NPs. 

S. No   % of Ni-doped Zn2TiO4 FTIR (cm-1) Raman (cm-1) 
Zn-O Ti-O Zn-O Ti-O 

1. 1%  424 599 447 611 
2. 2%  428 599 447 611 
3. 3%  421 595 446 611 

Fig. 4 Optical Bandgap (Eg) of %s of Ni-doped Zn2TiO4 NPs. 

 

Fig. 5 (a-c) Dielectric constant of %s of Ni-doped Zn2TiO4 NPs. 
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Optical spectra of all Ni-doped Zn2TiO4 NPs are shown in Fig.4.  In all Ni-doped 
Zn2TiO4 NPs the bandgap value of the materials is obtained between 3.24 eV to 3.34 
eV and reveals that the band gap value decreases with increasing percentage of Ni. 

Fig. 5 (a-c) Dielectric loss of %s of Ni-doped Zn2TiO4 NPs.

 

Fig. 6 (a-c) AC conductivity of %s of Ni-doped Zn2TIO4 NPs 
 
The electrical property of NPs is obtained by analyzing the dielectric behavior of the 
synthesized nanoparticles concerning temperature and frequency [6-8]. The dielectric 
constant, dielectric loss, and ac conductivity of Zn2TiO4 NPs with different 
percentages Ni-doped are studied between 100Hz to 1MHz.  The dielectric constant 
in all Zn2TiO4 NPs with different percentages Ni-doped having higher value at low 
frequency and decreases with increasing frequencies which represents that all types 
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of polarization are active at low frequency and inactiveness of space charge 
polarization in higher frequencies. The dielectric loss of all Zn2TiO4 NPs represents 
the good crystalline nature of the materials.  Increasing ac conductivity with frequency 
is due to the polaron effect and ascertains the suitability of materials for optoelectronic 
applications. 
   
5 Conclusion 
Sol-gel synthesizing NPs with various percentages of Ni-doped Zn2TiO4 calcined at 
800°C for 4 hours. The increase in doping percentage in the optical study is due to the 
decrease in energy bandgap. The higher dielectric constant (k) value at a low 
frequency of 100 Hz. The constant decreases with increasing frequency and acts as 
inactiveness of space charge polarization in higher frequencies of all the NPs. The loss 
factor (tan δ) decreases when temperature and frequency increase of very low- 
dielectric in all the percentages of Ni-doped Zn2TiO4 NPs. The ac conductivity 
increases with an increase in temperature and frequency in all the NPs. In all 
Percentages of Ni-doped Zn2TiO4 NPs increased ac conductivity due to the polaron 
effect and established the suitability of materials for optoelectronic applications. 
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Abstract 

In recent days, the preference for natural fibers over synthetic fibers as reinforcements 
in composite materials has increased due to their eco-friendliness, renewability, and 
sustainability. Composite materials known as "bio-composites" have either the 
reinforcement, the matrix, or both derived from biodegradable and renewable 
resources. This study investigates the development of natural fiber composites using 
polyester resin as a matrix and Borassus flabellifer fruit fibers (BFF) as the 
reinforcement, sourced from South Coastal Karnataka, to assess their effectiveness as 
sustainable composite reinforcements. The BFF fibers are extracted through the 
retting method to ensure purity. The composites are fabricated using the open hand 
layup method in a 300mm x 200mm open mold. Variations in fiber and matrix ratios 
from 1:30, 1:40, 1:50, 1:60 and 1:70 are used in the fabrication process. The open 
hand layup method involves lubricating or waxing the mold surface, applying a 
primary layer of matrix to the mold before placing the fiber into the mold, then placing 
a layer of BFF fiber over the pre-applied resin mold. The fiber is evenly spread using 
a brush, and a secondary finishing layer of matrix is poured into the mold to ensure 
even packing and distribution of matrix material throughout the mold. After 60 
minutes, the developed composite is removed from the mold and placed under heavy 
weight for curing for about 24 hours. The findings of this study provide valuable 
insights into optimizing the utilization of BFF in eco-conscious engineering 
applications, promoting sustainable practices in material science and composite 
technology. 
 
Keywords: Natural fiber, Natural fiber composite, Resin Composite, Thermosetting 
Composite. 
 
1 Introduction 
Biocomposites, also known as composite materials, have reinforcements, matrices, or 
both that are sourced from biodegradable and renewable resources. Typically, the 
matrix is either synthetic or a biopolymer, while the reinforcement is usually 
biological. The growing interest in biocomposites can be largely attributed to their 
cost-effectiveness and environmental benefits. These materials are generally less 
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expensive and have a reduced carbon footprint compared to traditional composites. 
Additionally, biocomposites offer reduced weight, enhanced functionality (such as 
impact absorption and damping), and improved occupational health safety [1]. 
In the European Union, over 95% of biocomposites produced for industrial 
applications are utilized in non-structural automotive components. These applications 
include waterproofing tiles, tabletops, interior design elements, containers, pots, 
headrests, front and rear panels, armrests, and trunk liners. Given that plastic does not 
decompose, there is an urgent need to reduce plastic usage across communities. 
Synthetic fibers pose threats to both the environment and human health. Natural fibers, 
derived from various parts of plants like fruits, stalks, roots, and leaves, consist of 
cellulose, hemicellulose, and lignin. Factors such as hydrophobic nature, strength, 
orientation, extraction processes, and treatment methods influence the performance of 
natural fibers. The strongest and stiffest organic material in the fibers is cellulose. The 
composition is 60–80% cellulose, 10–20% hemicelluloses, 5–20% lignin, and up to 
20% moisture are often found in the fibers [2]. 
 
2 Materials and Methods 
Borassus Flabellifer fruit is collected from south coastal region of Karnataka. The 
Borassus Flabellifer husk is separated from the fruit using retting method. Polyester 
raisin is used as a matrix for composite preparation. Polyester resin is employed as a 
matrix material because it meets all the necessary requirements of a matrix while also 
being cost-effective. The extraction of fiber involves thoroughly washing the Borassus 
Flabellifer husk to remove all external particles. The fibers are then separated using 
the retting process, where the husk is soaked in water for 7 days. The water is regularly 
changed to prevent microbial growth and foul odor. This process loosens the fibers 
from the husk. The fibers are then manually extracted and dried at 70˚C for 24 
hours[3]. 
 
Hand Layup Method  
The production of composites used open metal molds measuring 300x200 mm. A thin 
layer of wax was applied to the molds to ensure easy removal of the composite after 
manufacturing. A predetermined amount of pre-cobalt ion treated polyester resin was 
mixed with methyl ethyl ketone peroxide (MEKPO), a hardener. Initially, a thin layer 
of the polyester resin matrix was coated as a primary layer onto the mold surface. To 
achieve a smooth and refined surface, a sheet of BFF was placed over the primary 
layer, followed by pouring and evenly distributing a secondary layer of the matrix 
along the corners of the mold. The fiber was inserted into the matrix within the mold. 
The composite was allowed to cure within the mold for 2 hours. The process is shown 
in fig 1. After curing, the composite was extracted from the mold and placed under 
weight for 24 hours. This process was repeated for variations in the fiber-matrix ratio 
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of 1:30, 1:40, 1:50, 1:60, and 1:70 [4]. The fabricated composites based on variations 
in fiber-matrix ratio are shown in fig 2.  
   

 
 

Fig 1. (a) wooden mold, (b) wax applied mold, (c) fiber-matrix layer placement, (d) fabricated composite  

 

 

 

 

 

 
 
Fig 2. Different composites based on ratio of fiber and matrix (a) 1:70, (b) 1:60, (c) 1:50, (d) 1:40 and 
(e) 1:30 
 
3 Results and Discussions 
The fibers extracted from Borassus Flabellifer husk using the retting process are free 
from external particles and maintain structural integrity. The application of a primary 
resin layer followed by a BFF sheet and a secondary resin layer results in a smooth 
and uniform composite surface. The fibers are evenly distributed within the matrix, 
ensuring uniform mechanical properties throughout the composite. The 2-hour curing 
process is sufficient to achieve a well-cured composite with minimal internal stresses. 
The surface treatment of fibers results in a strong bond with the polyester resin matrix, 
enhancing the durability and indicating overall mechanical performance of the 
composites. The use of natural fibers significantly reduces the cost of composite 
materials compared to synthetic alternatives.  
 
    

(a) (d) (c) (b) 

(a) (b) (c) (d) (e) 
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4 Conclusions 
The Borassus Flabellifer fiber-matrix composite material possesses qualities like 
biodegradability, biocompatibility, and renewability. The use of biodegradable and 
renewable natural fibers lowers the environmental footprint of the composites, 
contributing to sustainability. The results suggest potential for further research into 
optimizing fiber treatments and exploring other natural fibers to enhance composite 
performance. These possible results provide a comprehensive overview of the 
outcomes expected from the fabrication process, highlighting key aspects of fiber 
quality, composite performance, and environmental impact. 
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Abstract 
Natural fibers are increasingly valued for their sustainability and eco-friendly 
attributes, enhancing their appeal as reinforcements in composite materials. This study 
investigates the density of Borassus flabellifer fruit fibers (BFF) from South Coastal 
Karnataka, essential for evaluating their role as sustainable composite reinforcements. 
Extracted using the retting method to ensure purity, BFF exhibited densities ranging 
from 100 kg/m³ to 146.67 kg/m³ across various regions. Notably, BFF demonstrates 
the lowest density among commonly used natural fibers in composite production, 
making it highly advantageous for lightweight applications without compromising 
strength. This characteristic, coupled with BFF's biodegradability, underscores its 
potential for environmentally friendly composite materials. The findings contribute 
valuable insights into optimizing BFF's utilization in eco-conscious engineering 
applications, promoting sustainable practices in material science and composite 
technology. This study highlights the importance of natural fiber selection in achieving 
both performance and sustainability goals in composite material development, paving 
the way for greener innovations in engineering and industry. 
 

Keywords: Natural fiber, lignocellulose fiber, degradable, natural fiber composite. 
 

1 Introduction 
The quest for sustainable materials in engineering has brought natural fibers into the 
spotlight due to their renewability, biodegradability, and environmental benefits 
compared to synthetic fibers [1]. Among these, Borassus flabellifer, or Ice apple fruit, 
is notable for its potential as a reinforcement material in composites. Sourced from the 
fruit husk of the Palmyra palm, which is commonly found in tropical regions like 
Southern Coastal Karnataka, India, this natural resource offers a promising opportunity 
for sustainable composite development [2]. A comprehensive understanding of BFF 
density is crucial for its effective use in composites. Density influences the weight, 
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strength, and durability of fiber-reinforced materials, making it essential for 
applications requiring lightweight, high-performance materials [3]. This study aims to 
assess the density of BFF from various South Coastal Karnataka regions to determine 
its suitability for composites. These advancements support sustainable practices in 
material science and composite technology, aligning with global efforts to reduce 
environmental impact and foster green innovation [4]. 
 

2 Materials and Methods  
BFF were collected from various regions of South Coastal Karnataka and were 
extracted using the retting method, where the fruit husks were immersed in a solution 
to separate the fibers, followed by thorough washing and drying [5]. Figure 1A shows 
the collected fruit husk and Figure 1B displays the extracted fibers. 
To determine the density of the fibers, they were finely chopped for uniform packing. 
A container of known volume was weighed empty, then filled with the chopped fibers, 
and the total mass was recorded. The density was calculated using the formula:  
Density = Mf−Mc

Vc
 

where Mc is the mass of the empty container, Mf is the mass of the container filled with 
BFF, and Vc is the volume of the container. This method ensures accurate measurement 
of fiber density by directly relating the mass of the fibers to the known volume of the 
container. 

 
Fig 1. A. Collected fruit husk. B. Extracted fibers from the husk. 
 

3 Results and Discussions 
The density values of BFF from South Coastal Karnataka, as shown in Table 1, range 
from 100.00 kg/m³ to 146.67 kg/m³. Notably, BFF exhibits a lower density compared 
to other commonly used natural fibers. For instance, jute fibers have a density of 
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approximately 1200 kg/m³ [6], while flax fibers are reported to have a density around 
1600 kg/m³ [7]. This low density of BFF makes it particularly advantageous for 
lightweight composite applications, aligning with the growing demand for eco-
friendly materials in sustainable engineering solutions [8]. 
 
Table 1: Density of BFF from various regions of South Coastal Karnataka 

Area Density (kg/m³) 
Mangalore 126.67 
Kapu 113.33 
Someshwara 146.67 
Moodbidri 113.33 
BC Road 100.00 
Kasaragod 140.00 
Hosmar 120.00 
Dharmasthala 113.33 
Puttur 133.33 

 

4 Conclusion 
This study has examined the density of BFF from various regions of South Coastal 
Karnataka, revealing a range from 100 kg/m³ to 146.67 kg/m³. The findings indicate 
significant regional variation, influenced by local environmental factors and fiber 
preparation methods. The relatively low density of BFF makes it a promising candidate 
for lightweight composite materials, offering potential benefits in applications where 
weight reduction is crucial. These insights highlight the value of BFF as a sustainable 
reinforcement material and suggest that further research could optimize its use in 
diverse engineering applications. 
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Abstract 

Pure and zinc-doped CdO (1, 3, 5, 10, and 15 wt % of Zn) thin films were synthesized 
through the spray pyrolysis technique on the glass substrate. The structural, and 
electrical studies of the thin films were carried out. The powdered XRD analysis 
revealed that the deposited thin films are face-centered cubic structures of 
monteponite CdO. The electrical characteristics obtained by using Van der Pauw Hall 
effect measurements showed a noticeable decrease in the electrical resistivity of the 
films with increasing concentrations of zinc doping, which made them exhibit 
advantageous degenerate semiconductor property. 
 
Keywords: TCO, degenerate semiconductor, Powder XRD, Van der Pauw Hall effect. 
 

1 Introduction 
A "degenerate thin film" typically refers to a thin film made of a material in which the 
electrons are in a state of degeneracy. Degeneracy is a situation where multiple 
quantum states of a system have the same energy. In the case of materials, this often 
occurs when the electron density is very high, such as in metals or highly doped 
semiconductors, where the fermi energy level is close to the energies of the available 
electronic states. So, there is always a need for new thin film materials with excellent 
properties for device applications, which depend upon the growth conditions, surface 
morphology, particle size and shape, and bandgap variation [1, 2]. 
 
In our study, we have investigated CdZnO thin films using the spray pyrolysis 
technique, focusing on modifying two critical parameters: the spray rate and the 
distance from the nozzle to the substrate. Our analysis revealed that the resultant thin 
films exhibited characteristics indicative of degenerate semiconductor behavior. 
Specifically, the deposited films showcase properties conducive to electrically 
conductive applications. This highlights the potential of our tailored approach to 
optimizing spray pyrolysis parameters in enhancing the functionality of CdZnO thin 
films. 
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2 Experimental Techniques 
Pure CdO and Zn-doped CdO thin films with 0, 1, 3, 5, 10, and 15 wt. % of Zinc were 
prepared using the spray pyrolysis technique on glass substrates at 350°C. A 
standardized solution at a concentration of 0.1M was prepared by dissolving cadmium 
acetate in distilled water. To prepare the doped films, a 0.1 M solution of zinc acetate 
was added to the precursor solution, which was then directly sprayed onto the 
substrate. The glass substrates were thoroughly cleaned and dried prior to deposition. 
The formation of the nanostructured Cd1−xZnxO films is observed after the chemical 
reaction. 
 

 
 
At the end of the chemical reaction, a yellow-colored deposition of pure CdO film is 
obtained, and all the prepared doped Cd1−xZnxO films were dark yellowish. The 
prepared thin films were annealed in a hot air oven at 350 °C to remove any other 
organic residues in the solutions. The structural properties of the thin films were 
measured by the powder-XRD (Bruker) using Cu-Kα radiation (λ = 1.5406 Å). Hall 
coefficient, mobility and carrier concentration were quantified by Van der Pauw 
technique. 
 

3 Results and Discussions 
Powder XRD analysis 
Figure 1 depicts the X-ray diffraction patterns of thin films of CdO and Zn-doped CdO. 
XRD measurements were conducted using Cu-Kα radiation (λ = 1.5406 Å) within the 
2θ range of 20 to 80 degrees. The sharpness of the XRD peaks suggests that the films 
possess a crystalline structure. The samples are the face-centred cubic structure of 
monteponite CdO. It was observed that the crystal structures of the films remained 
unchanged with Zn doping [3]. The 2θ values corresponding to the (1 1 1), (2 0 0), and 
(2 2 0) peaks of pure CdO were measured as 33.75°, 39.0°, and 55.9°, respectively. 
The absence of Zn-related peaks in the CdO:Zn thin films confirms homogeneous 
dispersion of dopants within the CdO lattice, preserving its cubic structure [3, 4]. 
Moreover, the 2θ position of the pure CdO peaks slightly shifts towards higher angles 
with Zn doping, indicating lattice contraction. This contraction arises from the 
substitution of smaller Zn2+ ions (0.71 Å) for Cd2+ ions (0.97 Å) in the CdO lattice. 
From the wavelength (λ) of the CuKα radiation, the full-width half-maximum of the 
diffraction peak (β), lattice constant (a), diffraction angle (θ); the crystallite size (D), 
microstrain (ε), dislocation density (δ), interplanar distance d, lattice constant a and 

     Cd(CH3COO)2.2H2O                       
                 +                                   350 ºC            CdZnO↓ + CO2 ↑ + CH4↑ + Steam  
     Zn(CH3COO)2.2H2O             Decompose   
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unit cell volume V values of the CdO, and CdO:Zn thin films were estimated from the 
formulae [5] and presented in Table 1. 
 

 
Fig. 1 Powder XRD pattern of pure and Zn doped CdO thin films 

 
Electrical studies 
The electrical characteristics of zinc-doped cadmium oxide (CdO) thin films were 
thoroughly examined using Van der Pauw Hall effect measurements. Prior research [6] 
indicates that pristine CdO films typically exhibit n-type conductivity. Various 
parameters, such as electrical resistivity, carrier density, Hall coefficient, and Hall 
mobility, were meticulously measured, analyzed, and tabulated in Table 2. A 
conspicuous decrease in the electrical resistivity of the films was observed with 
increasing concentrations of zinc doping. This decline can be attributed to the 
amelioration in crystallite quality, resulting in a more ordered lattice structure. As 
crystallite size amplifies, atomic arrangements within the lattice become more 
organized, thereby diminishing grain boundaries and consequently enhancing 
conductivity. The collective effects, encompassing improved crystallite quality, 
reduced scattering, and heightened carrier density, collectively contribute to the 
augmentation of the electrical properties of the thin films, rendering them akin to 
degenerate semiconductors. Such characteristics are pivotal for applications such as 
solar cells, transistors, sensors, and display panels. 
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Table 2: Electrical parameters of Zn doped CdO thin films 

Sample Thickness 
t (nm) 

Resistivity 
ρ ( Ω cm) 

Hall 
Coefficient 
RH (cm3/C) 

Carrier 
Mobility 
µ (cm2/V.s) 

Carrier 
density 
n (/cm3) 

Pure CdO 580  3.79 × 10-2 -0.099 24922.9 0.627 ×1020 
CdZnO(1%) 600  1.03 × 10-3  -0.05 4854.5 1.25 ×1020 
CdZnO(3%) 650  6.64 × 10-4  -0.03 80.4 2.05 ×1020 
CdZnO(5%) 700  5.03 × 10-4  -0.028 4343.1 2.17 ×1020 
CdZnO(10%) 780  3.99 × 10-4  -0.02 14671.4 3.04 ×1020 
CdZnO(15%) 860  1.40× 10-4  -0.002 397.1 31.3 ×1020 

 
4 Conclusions 
Pure and Zn-doped CdO structures were synthesized using the spray pyrolysis method. 
The XRD patterns of all the thin film samples found the face-centered cubic structure 
of monteponite CdO, and no impurity phase was observed. The electrical studies reveal 
that doping makes the thin films degenerate semiconductors, which have many 
practical applications and can be used as a potential candidate for opto-electronic 
device applications. 
 

References 
1) D. A. Granada-Ramírez, A. Pulzara-Mora, C. A. Pulzara-Mora, A. Pardo-

Sierra, J. A. Cardona-Bedoya, M. Pérez-González, S. A. Tomás, S. Gallardo-
Hernández, J. G. Mendoza-Álvarez, Applied Surface Science 586 152795 
(2022) 

2) Z. Ghorannevis, M. T. Hosseinnejad, M. Habibi & P. Golmahdi, J Theor Appl 
Phys 9 (2015) 

3) B. Amudhavalli, R. Mariappan, M. Prasath, Journal of Alloys and Compounds 
925 166511 (2022)  

4) K. Usharani, A. R. Balu, Acta Metallurgica Sinica (English Letters) 28 1 
(2015) 

5) V. K. Ashith, E. Deepak D’Silva, J Mater Sci: Mater Electron 32 10028–10048 
(2021) 

6) P. Velusamy, R. Ramesh Babu, K. Ramamurthi, E. Elangovan, J. Viegas, M. 
Sridharan, Sensors and Actuators B: Chemical 255 1 (2018) 

 

 

 

 

  



EHT-TPN 2024 

Page | 36  
 

Green Reduction of Graphene Oxide using Averrhoa 
Carambola 

Alog S Kumar1 *, Sandra C Umesh1, Kumara K2 
1 Department of Post Graduate Studies & Research in Physics, St Aloysius (Deemed to be Univerity), 

Mangalore-575003, Karnataka. 
2Department of Physics, M.P.E Society’s S.D.M Degree College, Honnavar, 581334, Karnataka. 

 
*Email: alogakku123@gmail.com 

Abstract 
We synthesized graphene oxide (GO) using the Modified Hummers method and 
subsequently reduced it using a novel approach employing the green reducing agent 
Averrhoa Carambola (Star fruit). The structural and optical properties of the reduced 
graphene oxide (rGO) were analyzed using X-ray diffraction (XRD), Fourier-
transform infrared spectroscopy (FTIR), and UV-Vis spectroscopy. 
 

Keywords: Synthesis, Graphene Oxide, Reduced Graphene Oxide, Averrhoa 
Carambola (Star fruit extract) 
 

1 Introduction 
Reduced Graphene Oxide (rGO) is derived from graphene oxide (GO) through a 
reduction process that removes oxygen-containing functional groups, restoring the sp² 
carbon structure. This reduction enhances rGO's optical, electrical conductivity and 
mechanical properties compared to GO. rGO finds applications in various fields 
including electronics, energy storage, sensors, and biomedical devices, owing to its 
excellent conductivity, high surface area, and chemical stability [1,2,3] . Its synthesis 
typically involves methods such as chemical reduction with agents like hydrazine or 
green reducing agents to minimize environmental impact [1,4]. While some green 
reducing agents like plant extracts have been explored, their efficiency and scalability 
for large-scale production need further investigation. Developing sustainable reduction 
methods that minimize environmental impact remains a research gap. 
 

2 Materials and Methods/Model 
Graphite powder was reduced to Graphene Oxide using Modified Hummer’s Method 
[3]. GO reduced to rGO using a green reducing agent named Averrhoa Carambola 
(Star Fruit Extract). Star fruit was washed with distilled water, cut into small pieces 
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and is added into a beaker containing distilled water (100ml). The solution was boiled 
for 30 min and kept for cooling and filtered using filter paper. The Graphene powder 
(10 mg) was added to a beaker containing Star fruit extract (100 ml) and ultrasonicated 
for 2 hours. The solution had stirred at 500 rpm using a magnetic stirrer. Stirring time 
was kept for 40 h in 60oC. The obtained rGO gets dispersed in ethanol homogeneously. 
 

3 Results and Discussion 
Figure 1 presents the X-ray diffraction patterns for graphite, GO, and rGO. In Figure 
1a, a high-intensity peak around 10 degrees is observed, corresponding to the (001) 
plane of graphene oxide (GO), confirming its presence. This peak signifies an 
expanded interlayer spacing relative to pristine graphite, attributable to the oxygen-
containing functional groups (hydroxyl, carboxyl, and epoxy) present on the graphene 
sheets. In Figure 1b, for rGO, the prominent peak at 26.5 degrees suggests that van der 
Waals forces have partially restored the graphitic structure. 
 

Figure 2 shows Fourier transform infrared spectra of GO and rGO. In GO, there is 
broad peak approximately 3270 cm-1 in GO spectrum because of hydroxyl groups 
presence, which shows moisture absorption and oxygen-containing moieties like 
carboxylic, carbonyl, hydroxyl and epoxy. This peak can be also found in star fruit 
reduced rGO spectrum with relatively lower intensity, which shows  

Fig. 1 (a) XRD pattern of GO; (b) XRD pattern of rGO 
that hydroxyl groups has partially been removed (Figure 2b). Intensities of peaks for 
C=O stretching at 1625 cm-1 shows it is partially reduced (Intensity peaks of C=O in 
GO is around 1730 cm-1). The C-OH stretching around 1216 cm-1, and C-O stretching 
vibration around 1041 cm-1 in the rGO spectrum were not reduced. The peaks which 
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corresponds to C=O in aromatic rings has shifted from 1720cm-1 to 1625 cm-1 indicates 
partial reduction of GO [4]. 
 

 
Fig. 2 FTIR spectra of (a) GO and (b) Rgo 

 

Figure 3 displays the UV-Vis spectrum of rGO, which reveals a redshifted absorption 
peak at 268 nm. This shift indicates the successful removal of oxygen functional 
groups through reduction and the restoration of π-conjugation within the graphene 
sheets [1].  

 
Fig. 3 UV-Vis spectrum of rGO 

4 Conclusions 
We prepared GO from graphite powder using the Modified Hummer’s Method and 
reduced it with Averrhoa Carambola. This reduction resulted in selective and partial 
reduction of rGO, as not all oxygen-containing functional groups were removed. 
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Consequently, while Averrhoa Carambola may not be the best green reductant for 
complete reduction of graphene oxide, it can be useful for selective reduction. 
Adjusting the concentration of the reducing agent could potentially achieve full 
reduction of rGO. 
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Abstract 

Thin films of Gallium-doped Zinc Oxide (GZO) with dopant percentages of 1%, 3%, 
and 5%, and varying amounts of reduced graphene oxide (r-GO) (0.001g, 0.003g, 
0.005g) were deposited onto glass substrates using the spin coating method. The 
structural, optical, and electrical properties of these films were analyzed through X-
ray diffraction (XRD), UV-Visible spectroscopy, and two-probe techniques. An 
additional graphitic carbon nitride peak was observed in all rGZO samples, possibly 
causing shifts in ZnO peaks. Interplanar distances in the films remained consistent 
across all samples. Film properties were significantly influenced by strain, dislocation 
density, and particle size, which were increased with r-GO addition. 
 
Key words: Optimization, Crystallinity, Band gap, Transparency 
 
1. Introduction 
Transparent conducting oxides (TCOs) are essential for various optoelectronic devices 
due to their unique properties: high conductivity, optical transparency, infrared 
reflectivity, and heating efficiency. Widely used in displays, solar cells, and sensors, 
ITO has been the standard TCO. However, due to its limitations, researchers explore 
alternatives like graphene, carbon nanotubes, conducting polymers, metal nanowires, 
and hybrid structures to enhance performance and address challenges in 
optoelectronics [1-2]. Zinc oxide (ZnO) is a promising, cost-effective TCO alternative 
to ITO and FTO. However, pure ZnO is highly resistive. To enhance conductivity, it 
requires doping with elements like Al or Ga. This doping introduces shallow donor 
states, increasing carrier concentration and reducing resistivity, making ZnO suitable 
for TCO applications [3-4]. In this work, a spin coater was utilized to create a series 
of composite thin films of gallium doped zinc oxide/rGO and examined the films' 
structural, electrical, and optical characteristics using an X-ray detector, two probes, 
and a UV-visible spectrophotometer. 
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2. Materials and Methods 
GZO sol was prepared by dissolving zinc acetate dihydrate (99.99% purity) in 2-
methoxyethanol with monoethanolamine (MEA) as a stabilizer, maintaining a 1:1 
molar ratio and a total concentration of 0.5 mol/L. Gallium dopant was added at 1.0 
at.% relative to Zn. The solution was stirred at 50°C for 1 hour and incubated at room 
temperature for 2 days. GZO sols were made with Ga concentrations of 1%, 3%, and 
5%. r-GO powder was mixed with 5 mL of 2-methoxyethanol and sonicated for 1 hour, 
with r-GO amounts of 0.001 g, 0.003 g, and 0.005 g. Then, 5 mL of GZO sol was added 
to the r-GO sol and sonicated for 1 hour. 
 
The glass substrates were cleaned and films were deposited at room temperature using 
a spin coater at 3000 rpm for 30 seconds. The films were preheated at 350°C for 15 
minutes to evaporate solvents and remove residues, then annealed at 500°C in air for 
one hour. A total of 12 films were made: three for each gallium doping level with three 
r-GO amounts, plus three additional GZO films without r-GO. Each film had a 
thickness of approximately 7 to 8 layers. 
 
3. Results and Discussion 
X-ray diffraction (XRD) analysis confirmed the presence of ZnO, r-GO, GO and Ga 
peaks at specific angles. Additionally, a graphitic carbon nitride peak was consistently 
observed in all rGZO films, which potentially caused the shifts in ZnO peaks. The 
interplanar distances within the crystal lattice of the thin films were found to be nearly 
identical across all samples, consistent with Bragg’s law. In rGZO films, there is a 
noticeable rise in both film strain and dislocation density compared to films without 
rGO. Additionally, particle sizes in rGZO films increased proportionally with higher 
rGO content [5-6]. 
 

 
Fig. 1 XRD pattern of 3% GZO film 

 Fig. 2 XRD patterns of 3% RGZO films 
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Film FWHM 
(β) 

Crystallite 
Size (D) 
x10-8 

Film 
Strain 
x10-3 

Dislocation 
Density (δ) 
 

Interplanar 
spacing (d) 

Lattice 
constant 
(c) x10-10 

GZO(3%) 0.00819 1.7929 1.93 3.11x1015 2.331x10-10 4.662 

RGZO(3%,.1) 0.0113 1.2929 2.68 5.98x1015 2.445x10-10 4.89 

RGZO(3%,.3) 0.0134 1.0904 3.17 8.41x1015 2.445x10-10 4.89 

RGZO(3%,.5) 0.00942 1.55 2.23 4.16x1015 2.440x10-10 4.88 

 
In the visible range, the films showed an average transmittance of up to 80%. The 
films' optical transparency has increased as a result of the incorporation of rGO, while 
their optical band gaps have shrunk. The addition of rGO increases the number of rGO 
flakes on the film's surface, improving light absorption. Larger crystallite sizes resulted 
in increased Urbach energies, was evident in 3% rGZO films, indicating greater 
disorder in the films. The particle size increase in 3% Ga-doped ZnO and rGZO films 
corresponded to reduced energy band gaps [7]. 
 

 
Fig. 3 Transmittance spectra of 3% GZO and RGZO films with varying rGO concentration 

 
When rGO is added to a film, the resistivity of the rGZO film decreases relative to the 
GZO film. This suggests that the rGO-containing thin film has higher conductivity, 
supporting the idea that rGO increases a film's conductivity. This can be explained by 
graphene's bipolar structure, which allows for the almost instantaneous flow of 
electrons and holes and an increase in carrier concentration.  
 
Table 2: Crystallite size, energy gap and Transmittance value of Thin films 

Film Crystallite 
Size (D) 

Energy 
band gap 
(Eg)(eV) 

Urbach 
Energies 

Refractive 
index (R.I.) 

Transmittance 

GZO(3%) 1.7929x10-8 3.23 1.24 0.96 61% 
RGZO(3%,.1) 1.2929x10-8 3.17 0.287 0.04 68% 

RGZO(3%,.3) 1.0904x10-8 3.19 0.1804 0.026 86% 
RGZO(3%,.5) 1.55x10-8 3.14 0.3387 0.037 70% 

Table 1: Structural properties of GZO and GZO films 
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Fig. 4 I-V plot of 3% GZO and RGZO films         Fig. 5 Resistivity plot of 3% GZO and RGZO films 
 
The involvement of intrinsic defects, also known as native defects, which are a product 
of the growth circumstances and impurity atoms of the ZnO particles under study, may 
be responsible for the enhanced conductivity of thin films. Moreover, ZnO-rGO is an 
insulator-semiconductor nanocomposite in which ZnO nanoparticles are affixed to the 
insulating rGO sheets' surface. 
 
4. Conclusions  
XRD analysis confirmed the hexagonal wurtzite structure of ZnO with a preferential 
c-axis orientation. The incorporation of rGO led to reduced grain size, increased strain, 
and dislocation density in the ZnO films. Despite this, the films maintained high 
transparency with improved light absorption due to increased rGO flakes. The addition 
of rGO significantly enhanced the conductivity of the films, likely due to graphene's 
bipolar structure and increased carrier concentration. However, the presence of 
localized states caused fluctuations in optical properties. The study suggests that ZnO-
rGO nanocomposites with tailored properties can be achieved by controlling rGO 
content, offering potential applications in optoelectronic devices. 
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Abstract 

Transparent conductive Aluminum doped zinc oxide and reduced graphene oxide rGO: AZO 
nanocomposite thin films were prepared by sol-gel spin-coating technique on a glass 
substrate. XRD results revealed the polycrystalline nature of the films with a hexagonal 
(wurtzite) crystal structure and a preferred orientation along c-axis consistent with pure ZnO. 
The presence of rGO did not alter the crystallinity ZnO. However, increasing Al doping led to 
a decrease in the intensity of the (002) plane, due to dopant segregation at grain boundaries 
and strain effects from Zn and Al ionic radius mismatch. Concurrently, the crystallite size of 
the composite films decreased from 25 nm to 10 nm with increasing Al content. AFM showed 
uniform nanoparticles with reduced grain size on increased doping. The films exhibited high 
optical transmittance (>82%) and decreased band gaps (3.28-3.08 eV), attributed to band 
edge bending. The electrical resistivity of the composite films was reduced by increasing the 
Al concentration making them suitable for transparent conducting electrodes in optoelectronic 
devices. 
 
Keywords: Metal oxides, Doping, AZO thin films, Reduced graphene oxide, 
Nanocomposites. 
 
1 Introduction 
Metal oxide nanoparticles have unique properties due to their nanoscale dimensions, 
differing from their bulk forms. ZnO in particular, is a promising alternative to the 
commonly used transparent conducting oxide (TCO) ITO in optoelectronics. ZnO is 
an abundant, stable, non-toxic material with a large exciton binding energy of about 
60 meV and a direct energy band gap of 3.37 eV [1]. Due to their doping ability, that 
enables improved and controlled properties, ZnO thin films are adaptable in modern 
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technology [2]. Dopants like aluminum (Al), gallium (Ga) and indium (In) from Group 
III are used to enhance its optical and electrical properties[3]. Additionally, the 
integration of reduced graphene oxide (rGO) with ZnO can result in heterostructures 
that greatly improve optoelectronic device performance [4]. In this work, rGO: AZO 
nanocomposite thin films were prepared by sol-gel spin coating method. The influence 
of Al concentration on the structural, optical and electrical properties of rGO: AZO 
composite films has been investigated. 
 
2 Materials and Methods 
2.1 Preparation and characterization of rGO: AZO composite thin films 
Graphene oxide (GO) was prepared using a modified Hummer's approach, involving 
the addition of graphite flakes to conc. H₂SO₄ and KMnO₄, followed by sequential 
additions of deionized water and hydrogen peroxide, with subsequent washing and 
drying. rGO was obtained by mixing GO with ascorbic acid, ultrasonication, addition 
of hydrogen peroxide and further washing and drying. AZO sol was made by 
dissolving 0.5M Zinc acetate dihydrate and Aluminium nitrate nonahydrate in 2-
methoxyethanol, with Monoethanolamine stirred at 40°C, and aged for 48 hours. In 
order to make rGO: AZO nanocomposite thin film, dry rGO was added to prepared 
AZO solution and ultrasonicated, then spin-coated onto cleaned glass substrates, 
preheated, and subjected to multiple spin-bake processes and post-heating to achieve 
high-quality films. The effects of Al concentration on the structural, morphological, 
optical, and electrical properties of the rGO: AZO composite thin films were 
investigated by XRD, UV-Vis spectroscopy, AFM and the Two Probe Method.    
 

3 Results and Discussion 
3.1 Structural properties 
Fig. 2 shows the XRD patterns of rGO: AZO films at different Al concentrations. The 
films exhibited polycrystalline nature with a hexagonal crystal structure and c-axis 
orientation, similar to pure ZnO[5]. The inclusion of rGO did not alter the crystallinity 
or preferred orientation of ZnO, but the peak intensity decreased from pure ZnO to 
rGO:1wt% AZO, likely due to rGO functionalization by ZnO[6-8]. Increasing the Al 
dopant level further reduced crystallinity from 21 nm to 10 nm, possibly due to dopant 
segregation and strain effects from ionic radius mismatch between Zn and Al are 
summarized in Table 1. According to AFM study, surface roughness of the films 
decreased from 18.268 nm to 5.318nm, when the doping level was increased. These 
results are in agreement with the XRD results. 
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Fig. 1 XRD patterns of pure ZnO and composite films.      

Table 1. Structural and optical parameters of pure ZnO and rGO: AZO composite films 
Samples 2θ (o) FWHM 

(o) 
D 

(nm) 
δ 

(1015) 
Transmittance 

% 
Bandgap 

(eV) 
EU (meV) 

ZnO  34.45 0.33 25.15 1.58 91% 3.23 126 
rGO:1wt%AZO 34.28 0.37 21.48 2.16 94% 3.19 131 
rGO:3wt%AZO 34.57 0.40 20.73 2.32 82% 3.14 218 
rGO:5wt%AZO 34.39 0.90 9.211 11.7 90% 3.08 216 

 
3.2  Optical properties:  
Optical transmittance spectra of pure ZnO and rGO: AZO composite thin films at 
different Al concentrations in the wavelength range from 300 to 800 nm are shown in 
Fig.3(a). The films exhibited high optical transmittance (>82%). The decrease in the 
transparency of rGO: AZO thin films is observed with the addition of Al. The band 
gap decreases from 3.28 to 3.08 eV as Al concentration increases, due to band edge 
bending and additional impurity levels. The Urbach energy which reflects the disorder 
in the film network found to vary inversely with optical band gap. The rGO: AZO 
films with 3wt.% Al content show higher EU values confirming the enhanced structural 
disorder and declined stoichiometry.  
 
 (a) 

 

 

 

Fig. 3 (a) Optical transmittance spectra and (b) Energy band gaps of ZnO and rGO: AZO 
nanocomposite thin films.  

Fig. 2 AFM patterns of (a)pure ZnO and (b)rGO: 
AZO composite films. 

(b) 
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3.3 Electrical properties:  
The (I-V) study was performed using the two-probe method to investigate the electrical 
properties composite thin films. The films have good 
ohmic contact behaviour, as indicated by their linear I-V 
curves. The variation of electrical resistivity of rGO: 
AZO films at different Al doping concentrations are 
shown in Fig. 4. It was observed that electrical resistivity 
of the nanocomposite films reduced with increasing the 
Al concentration. Thus, the results are in agreement with 
the previous results observed in the literature [8]. 
 
 
4 Conclusion 
The presence of rGO did not alter the crystallinity of ZnO. The electrical resistivity of 
the composite films was reduced by increasing the Al doping making them suitable for 
transparent conducting electrodes in optoelectronic applications. 
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Abstract 

The determination of nuclear cross-section data for reactions involving the (n, p),      
(n, α), (n, d), and (n, γ), channels on a 55Fe target is crucial for advancing future 
applications in fusion energy. To achieve this, the nuclear reaction model code TALYS-
1.96 has been employed to calculate the cross-sections for these reactions over the 
energy range from threshold to 20 MeV.  These computed results have been compared 
with existing nuclear data libraries, including ENDF/B-VIII.0, TENDL-5, ROSFOND-
2010, JENDL-5, and JEFF-3.3. The study revealed that the accurate cross-section 
measurements for these 55Fe target reactions are expected to improve radioactive 
waste management in fusion reactors.  
 

Keywords: TALYS-1.96, nuclear data libraries, Excitation function 
 

1 Introduction 
Nuclear energy is a strong power source used widely for making electricity, exploring 
space, medical tests, agriculture, and more. Nuclear power facilities are built and run 
to generate these large amounts of electricity. Since the fusion program is currently 
focused on designing the test blanket module (TBM), certain elements namely Be, 
Pb, Li, Si, O, Fe, Cr, W, Ta, Cu, and Ti are given high priority [1]. Reliable data, 
especially on their natural isotope reactions, is needed. Stainless steel, which plays 
an important role in the structure of fusion reactors, is made from Fe, Ni, Cr, Mn, Co 
and Nb, with Fe being the main element. 
 
During nuclear fusion, high-energy neutrons are produced in the reactor and strike 
reactor walls. This leads to the creation of large amounts of the radioisotope 55Fe, 
which has a half-life of 2.73 years. It is formed through various reactions, such as 
58Ni(n, α), 54Fe(n, γ), and 56Fe(n, 2n). 55Fe, a radioactive form of iron, is mostly 
produced inside fusion reactors and triggers reactions like (n, p), (n, α), (n, d), and (n, 
γ) which result in the creation of hydrogen, helium, deuterium gases and gamma. The 
production of these gases can severely damage the reactor's structural materials, 
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leading to bulging and failure of the first wall before the main structural components 
[2]. Therefore, accurate cross-sectional data on neutron-induced reactions are 
essential for fusion reactor design. As a result, nuclear data libraries must include 
cross-section data for unstable radionuclides or radioactive materials. 
 
This study aims to investigate the excitation function of neutron-induced reactions on 
55Fe in the energy range from threshold to 20 MeV, which is critical for fusion reactor 
technology, particularly concerning the production of helium, hydrogen, deuterium, 
and gamma radiation. To achieve this, the excitation function for various reactions 
on 55Fe has been calculated using the TALYS-1.96 code [3] and compared with the 
latest nuclear data libraries ENDF/B-VIII.0 [4], TENDL-5 [5], ROSFOND-2010 [6], 
JENDL-5 [7], and JEFF-3.3 [8]. 

 

2 Nuclear Model Calculations 
The TALYS-1.96 nuclear reaction code was used to calculate the excitation function 
for 55Fe. This code serves two primary functions: it acts as a nuclear physics tool to 
validate nuclear models against experimental data and a nuclear data tool to predict 
nuclear properties when experimental data are unavailable. In this study, the excitation 
functions for 55Fe were calculated for different channels, including (n, p), (n, α), (n, d), 
and (n, γ), reactions, from their respective thresholds up to 20 MeV using TALYS-
1.96. TALYS is a nuclear reaction computer program used to analyze nuclear reactions 
for target nuclides of masses 12 and above. The main objective is to simulate nuclear 
processes including neutrons, photons, 1H, 2H, 3H, 3He, and α-particles in the energy 
range of eV to 200 MeV.  
 

3 Results and Discussion 
The nuclear reaction model code TALYS 1.96 is used to determine the cross-sections 
(n, p), (n, α), (n, d), and (n, γ), reactions on the 55Fe target from threshold to 20 MeV. 
The acquired cross-section from TALYs has been compared with the latest available 
nuclear data libraries like ENDF/B-VIII.0, TENDL-5, ROSFOND-2010, JENDL-5, 
and JEFF-3.3. Figures 1 through 4 present the results of the nuclear model calculations 
along with nuclear data from various libraries. 
 
It can be seen in Figure 1 that, at lower energies, the incident neutron and outgoing 
proton have a higher probability of forming a Compound nucleus due to longer 
interaction times. The specific energy of the incident neutron can influence the 
probability of forming this compound nucleus with certain configurations. Protons and 
neutrons are subjected to a strong nuclear force, at higher energies, the neutron is more 
likely to overcome the potential barrier and pass through the target proton without 
interacting. 
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Fig. 1 to 4: Comparison of calculated excitation functions of 55Fe (n, p), 55Fe (n, α), 55Fe (n, d), and 55Fe 
(n, γ) with evaluated nuclear data files 
 

The formation of the compound nucleus can be through a series of resonances, where 
specific energy levels of a combined system offer a higher probability of interaction. 
At even higher energies, the incident neutron might still interact with the target proton, 
but instead of forming a compound nucleus, it might directly scatter off the proton or 
cause other reactions. 
 
The 55Fe (n, α), reaction cross-section plot is represented in Figure 2. At lower 
energies, the incident particle encounters a significant repulsive force from the 
positively charged target nucleus. Only particles with sufficient kinetic energy can 
overcome this Coulomb barrier and approach the nucleus, resulting in a low reaction 
cross-section at lower energies. Once the Coulomb barrier is surpassed, the probability 
of a reaction increases as the nuclei can interact, potentially forming a temporary 
compound nucleus. The stability and lifetime of this compound nucleus are governed 
by its internal energy levels. At specific incident particle energies, the energy may 
resonate with these internal levels, significantly enhancing the reaction probability and 
creating a peak in the reaction cross-section. As the particle energy rises beyond the 
resonance peak, other reaction channels become energetically accessible, such as the 
breakup of the incident or target nucleus or the emission of additional particles. 
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It is observed from Figure 3 that, at lower neutron energies, the 55Fe (n, α), cross-
section is less due to the lack of incident neutron energy to overcome the Coulomb 
barrier and to cause deuteron emission. As neutron energy increases gradually, the 
reaction becomes more probable. At higher energies, it overcomes the Coulomb barrier 
and hence, the cross-section also increases. At very high energies the other reaction 
channels will open up. Figure 4 shows the cross-section for the 55Fe (n, γ) reaction. It 
can be seen that at lower energies the neutron capture is greater. Therefore, the cross-
section is also higher. As neutron energy increases, resonance peaks are observed due 
to the greater capture of neutrons. Beyond this region, the cross-section decreases as 
the increase of neutron energy.  
 
4 Conclusions 
The excitation function for 55Fe(n, p), 55Fe(n, α), 55Fe(n, d), and 55Fe(n, γ) reactions 
was calculated from threshold to 20 MeV neutron energy using TALYS 1.96 nuclear 
model code. These cross-section values are compared with the latest nuclear data 
libraries. The results obtained from TALYS are in good agreement with nuclear data 
libraries.  In the absence of experimental data, TALYS provides a way to calculate the 
excitation function. 
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Abstract 
Radon, a naturally occurring radioactive gas found in groundwater, poses significant 
health risks. Therefore, monitoring its levels is essential for assessing potential 
hazards and implementing effective mitigation measures. In the present work, 222Rn 
concentrations were measured in groundwater samples from different regions of 
Dakshina Kannada district. Using Radon bubbler and Emanometry techniques with 
Luca’s cells, the study determined that radon activity levels ranged from 1.40 Bq/L to 
12.44 Bq/L, averaging 3.93 Bq/L. Importantly, all measured radon levels were below 
the World Health Organization's (WHO) recommended reference value of 100 Bq/L. 
The annual effective dose due to radon activity in groundwater varied between 3.83 
µSv/year and 29.67 µSv/year, with an average of 10.80 µSv/year. This average annual 
dose is well below the WHO's safety limit of 100 µSv/year, highlighting a low health 
risk associated with radon exposure in the study area. 
 
Keywords: Emanometry, Radon bubbler, Total effective dose, Ingestion, and 
inhalation. 
 

1 Introduction 
Radon-222 (²²²Rn), a decay product of uranium and thorium, is a major contributor to 
natural radiation, primarily affecting human exposure through its accumulation in 
enclosed spaces like buildings and underground mines. The concentration of radon in 
groundwater is influenced by geological factors such as soil types, rock formations, 
and hydrogeological conditions. This radioactive gas, with a half-life of 3.8 days, can 
seep into groundwater, increasing its radioactivity. When radon-contaminated water is 
consumed, it exposes the gastrointestinal tract to radiation, and when radon escapes 
into indoor air, it can be inhaled, posing risks such as lung and liver cancer [1]. 
 
This study focuses on the Dakshina Kannada district in Karnataka, India, characterized 
by the Western Ghats, granite formations, and laterite soils, which may influence 
natural radon emissions. The aim is to assess whether radon levels in the region's 
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groundwater fall within the safety limits set by the World Health Organization and 
other scientific bodies. 
 

2 Materials and Methods/Model 
Sample collection 
Eighty water samples were collected from four regions in Dakshina Kannada: Mulki, 
Moodabire, Konaje, and Panambur, chosen for their diverse geography. Twenty 
samples from each region were gathered, following standard protocols to prevent 
radon out-gassing. The samples were sealed underwater and transported to the lab 
within 24 hours for radon-222 analysis [2]. 
 
Measurement of 222Rn concentration and Assessment of equivalent effective dose 
Radon concentrations were measured using emanometric techniques. 70 ml of water 
was transferred to a bubbler and the radon was moved into a pre-evacuated scintillation 
cell. After reaching equilibrium, alpha particles were counted. The 222Rn activity 
concentration Aw (Bq/l) in groundwater was calculated using the equation: 

     Aw= 
6.97×10−2×𝐷𝐷

𝑉𝑉×𝐸𝐸×(𝑒𝑒−𝜆𝜆𝜆𝜆)(1− 𝑒𝑒−𝜆𝜆𝜆𝜆)
                            (1)      

where D is the counts above the background, V volume of water, E efficiency of the 
scintillation cell (75%), λ decay constant of radon, T is the counting delay after the 
sampling and t is the counting duration. 
Radon exposure occurs via inhalation and ingestion. The effective inhalation dose Ein 
(µSv/y) is estimated using: 

      Ein (μSvy-1) = CRn× Raw × I × O × K   (2)  
CRn is the 222Rn concentration in water in Bql-1, Raw  is the air-to-water radon ratio, I is 
the equilibrium factor between radon and its progenies, O is the average indoor 
occupancy time per individual, and K is the dose conversion factor for radon exposure.   
The ingestion dosage Eing is calculated as, 
  Eing (μSvy-1) = CRn× Aw × D   (3) 
Aw is the water consumption, and D is the ingestion dose coefficient [3]. 
The sum of annual effective doses for inhalation and ingestion is calculated for each 
water sample, representing the total annual effective dose of radon exposure to 
humans.  
 
3 Results and Discussions 
This study analyzes Rn-222 levels in water samples from Mulky, Moodabidre, 
Panambur, and Konaje regions of Dakshina Kannada district using emanometry. The 
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results, summarized in Table 1, and are compared with drinking water standards.  
 
Table 1: Radon concentration and dosage exposure levels in water samples  

 
It is observed from Table 1 that, the radon concentration levels varied due to rock 
distribution and sampling depth, with Moodabidre showing the highest concentrations, 
likely due to deeper water sources in hilly areas, while coastal regions like Mulky and 
Panambur had lower levels. Elevated radon levels are linked to geological factors, such 
as radioactive elements in granite and local geological features [2]. 
 
The 222Rn dosage exposure levels with different 222Rn concentrations is shown in 
Figure 1. The analysis reveals a strong correlation between radon concentration and 
exposure dosage, as depicted in Figure 1, with inhalation being the primary contributor 
to the total effective dose. The total dose ranges from 3.83 to 29.67 μSv/y, with an 
average of 10.80 μSv/y. 
 
4   Conclusions 
The study measured radon concentrations in water samples from Mulky, Moodabidre, 
Panambur, and Konaje in Dakshina Kannada District using the emanometry technique. 
All samples had radon levels below the WHO's safe limit of 100 Bq/l, and the exposure 
doses were within the 100 μSv/y action value. Thus, the water in these locations is safe 
for consumption. 
 

Location 

 

 

 

Rn 
Concentration 
(Bq/L) 

Inhalation 
Dose (μSv/y) 

Ingestion 
Dose 
(μSv/y) 

Total Effective 
Dose (μSv/y) 

Mulky 
Max 7.78 19.62 1.63 21.25 

Min 1.40 3.54 0.29 3.83 

Mean 3.32 8.65 0.72 9.37 

Moodabidre 
Max 12.44 31.35 2.61 33.96 

Min 1.93 4.87 0.41 5.27 

Mean 5.03 12.68 1.06 13.74 

Konaje 
Max 10.87 27.39 1.86 29.67 

Min 1.79 4.51 0.32 4.89 
Mean 4.88 12.30 1.02 13.32 

Panambur 
Max 4.80 12.10 1.01 13.11 
Min 1.49 3.75 0.31 4.06 
Mean 2.48 6.25 0.52 6.77 

Total 
Variations 

Max 12.44 27.39 1.86 29.67 
Min 1.40 3.54 0.29 3.83 
Average 3.93 9.97 0.83 10.80 
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Fig. 1 Plot depicting the 222Rn dosage exposure levels with different 222Rn concentrations 
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Abstract 
Polymer blends are increasingly vital for developing advanced, cost-effective, and 
sustainable materials. This study explores the impact of Graphene Oxide (GO) on the 
structural, electrical, and mechanical properties of chitosan/methylcellulose (CS/MC) 
polymer blend thin films. X-ray diffraction (XRD), Fourier-transform infrared (FTIR), 
Electrical impedance spectroscopy (EIS) and Mechanical tests are used to investigate 
structural, chemical, electrical and mechanical properties of the polymer blend thin 
films. 
 
Key words: Polymer blend, Polymer, Graphene Oxide, Conductivity, Young’s 
Modulus 
 

1. Introduction 
The pursuit of advanced materials with enhanced properties has spurred significant 
research into polymer blends and composites, which offer the potential to combine the 
best attributes of different polymers. Among these, the Chitosan/Methylcellulose 
(CS/MC) polymer blend stands out due to its promising applications in areas such as 
biodegradable packaging, tissue engineering, and environmental remediation [1]. Both 
Chitosan, a natural polymer derived from chitin, and Methylcellulose, a cellulose 
derivative, are valued for their biocompatibility, film-forming capabilities, and 
environmental friendliness [2]. However, to further expand the applicability and 
performance of CS/MC blends, researchers are turning to the incorporation of 
nanomaterials to modify and enhance their properties. Graphene oxide (GO), known 
for its remarkable electrical conductivity, high surface area, and mechanical strength, 
presents a particularly intriguing opportunity [3]. The addition of GO into the Ch/Mc 
polymer matrix could potentially improve the structural stability, electrical 
conductivity, and mechanical strength of the resulting thin films [4-5]. This study 
investigates the impact of GO incorporation on the structural, electrical, and 
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mechanical properties of Chitosan/Methylcellulose polymer blend thin films. By 
systematically evaluating these properties, we aim to determine how GO modifies the 
intrinsic characteristics of the CS/MC blend and to assess the potential benefits and 
trade-offs associated with its incorporation.  
 

2. Synthesis of Chitosan/Methylcellulose/GO thin films 
Chitosan (1.4 g) and methylcellulose (0.6 g) were dissolved in 1% acetic acid solution 
(prepared from 1 ml glacial acetic acid in 99 ml distilled water) by stirring at 50°C for 
7-8 hours. The polymer blend was then poured into a Petri dish and dried at 40°C for 
72 hours. For Chitosan/Methylcellulose/GO thin films, 0.02-0.06 g of GO was 
sonicated in 10 ml distilled water for 1 hour, then added to the polymer mixture and 
stirred overnight. The final blend was poured into a Petri dish and dried at 40°C 
overnight. 
 

3. Results and Discussion 
The XRD patterns of thin films as shown in the figure 1. Pure CS exhibits crystalline 
peaks at 2θ = 15.1°, 17.7°, and 20.9° [6-7]. According to reports, there is just one 
hollow in MC material at 2θ = 8.5°, 19–21° [8-9]. Interestingly, the CS/MC matrix's 
hollow intensity was dramatically reduced with the addition of GO. This may serve as 
proof that the crystalline portion of the CS matrix is shrinking. The XRD pattern makes 
it clear that adding more GO to the CS/MC combination can cause the hollow to 
become more pronounced. It is clear that the amorphous region within the blended 
polymer body is dominating from the peak broadening and intensity decrease [7]. The 
peak for GO vanished, indicating good dispersion of nanofillers. Blending MC with 
CS reduces CS's crystallinity due to interactions and disrupted hydrogen bonds. The 
peak at 2θ = 8° shows MC's tri-methyl glucose units. Increasing GO concentration in 
the composite enhances peak intensity at 2θ = 8°, likely due to improved crystallinity, 
reinforcement, and interfacial interactions. Greater peak broadness suggests an 
increase in the amorphous content. Figure 2 shows the FTIR spectra of the thin films. 

   
Fig 1 XRD pattern of the thin films  Fig 2 FTIR spectra of the Thin films 

 



EHT-TPN 2024 

Page | 58  
 

Table 1: FTIR Peak details of polymer blend   

Band Assignment 
Wavenumber (cm-1) 

CS/MC CS/MC/GO 1 CS/MC/GO 2 CS/MC/GO 3 
C-O bending 1060 1058 1057 1063 

C-O stretching 1020 1020 1016 1020 
N-H bending 1559 1557 1544 1559 

C=O stretching 1651 1651 1646 1650 
C-H stretching 2922 2891 2870 2892 
-OH stretching 3450 3436 3421 3432 

 
The addition of graphene oxide enhances this hydrogen bonding and decreases the 
intensity of the chitosan and methylcellulose peaks. Table 1 shows the peak details of 
polymer blend thin films. 
Electrical impedance spectroscopy (EIS) indicated that GO significantly enhanced 
ionic conductivity, with a maximum conductivity of 8.28 × 10⁻6 S/cm observed at 1 
wt% GO (Figure 3). The conductivity details of all thin films are listed in Table 2. 
Mechanical properties are crucial for determining the applications of polymer blend 
thin films. Stress-strain curves for pure CS/MC and GO-incorporated CS/MC films is 
shown in figure 4. The inclusion of Graphene Oxide (GO) significantly improves the 
mechanical properties of the CS/MC blend, increasing both stiffness (Young’s 
modulus) and tensile strength. Table 2 gives the details of Young’s modulus and tensile 
strength of thin films. The enhanced stiffness results from GO’s high aspect ratio, 
surface area, and strong interaction with the polymer matrix, which restricts polymer 
chain mobility. The increase in tensile strength indicates improved load-bearing 
capacity, highlighting GO’s role as an effective reinforcing agent.  
 
Table 2: Ionic conductivty, Young’s modulus and tensile strnegth of thin films 
 

Sample Weight % of 
GO 

Ionic conductivity 
S/cm Young’s Modulus Tensile 

Strength 
CS/MC 0  1.19 * 10-6 229.8 23 

CS/MC/GO 1 1 8.28 * 10-6 372.7 27.1 

CS/MC/GO 2 2 4.53 * 10-6 439.8 27.8 

CS/MC/GO 3 3 6.51 * 10-6 496.7 32.6 
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Fig. 3 Electrical impedance spectra of thin films 

 
Fig. 4 The stress-strain curves of thin films 

 
Conclusion 
In conclusion, XRD analysis demonstrates that the incorporation of Graphene Oxide 
(GO) into Chitosan (CS)/Methylcellulose (MC) blends reduces the crystallinity of CS, 
enhancing the blend's amorphous nature and improving interfacial interactions, as 
indicated by the changes in peak intensity and broadening. FTIR spectroscopy 
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confirms successful polymer blending and increased hydrogen bonding with the 
addition of GO. Electrical impedance spectroscopy shows that GO significantly boosts 
ionic conductivity, with a peak conductivity of 8.28 × 10⁻6 S/cm at 1 wt% GO. 
Mechanical testing reveals that GO enhances both stiffness (Young’s modulus) and 
tensile strength, making the composite more load-bearing and reinforcing its potential 
applications. The results underscore GO’s effectiveness in improving the performance 
of polymer blend thin films, with further optimization needed to balance strength and 
ductility for specific applications. 
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Abstract 
A new chalcone derivative (2E)-3-(4-iodophenyl)-1-(4-nitrophenyl) prop-2-en-1-one 
(4I4N) crystal has been grown by a slow evaporation solution growth technique at 
room temperature. The crystalline powder of the grown crystal was examined by X-
ray powder diffraction and result shows the compound’s purity and crystallinity. By 
using FT-IR spectral analysis the different functional groups contained in the crystal 
was identified, and found that the crystal is highly transparent over the whole visible 
and infrared spectrum. The cut-off wavelength of the crystal is proven to be 456.6 nm 
by UV-Visible spectroscopy. A single beam Z-scan method was utilised to determine 
the nonlinear absorption coefficient, which is found to be 11×10-7cmW-1 for an 
irradiation of 1.81 ×108Wm2. The crystal 4I4N exhibit efficient nonlinear optical 
properties. 
 
Key words: Chalcones; Z-scan; nonlinear optical 
 
1 Introduction 
Nonlinear optical Materials play important role in applications such as optical data 
storage, optical switching, and optical communication in the recent years [1-3]. Among 
all types of NLO materials, organic molecules have attracted researchers recently due 
to their large optical susceptibility, greater laser damage threshold, ultrafast response 
time, and tailor-ability of the designed molecule. When these molecules are grown into 
crystals, the third-order nonlinear optical properties of these molecules will be useful 
in optical communications, photonics, optical limiting, and optical data storage 
applications [4-7]. The delocalized π-electron system and molecular interaction 
leading to a strong donor-acceptor mechanism in these molecules are responsible for 
the NLO effects. Two planar rings connected through a conjugated double bond 
present in chalcones (α,β-unsaturated ketones) act like a platform for this type of 
activity leading to third-order nonlinear optical (TNLO) properties [8]. Many 
researchers fine-tuned the NLO properties of chalcones by substituting suitable donor-
accepter groups. The properties such as optical limiting (OL), reverse saturable 
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absorption (RSA), nonlinear refraction (NLR), nonlinear optical absorption (NLA), etc 
[9]. We synthesized an efficient chalcone derivative showing TNLO efficiency.  
 
2 Materials and Methods/Model 
2.1 Synthesis 
The Claisen-Schmidt condensation process was used to prepare the novel chalcone 
derivatives. The reactants from Sigma Aldrich 4՛-Iodoacetophenone (0.01 ml) and 4՛-
Nitrobenzaldhehyde(0.01 ml) were dissolved in 40 ml of ethanol and stirred rigorously 
for three hours in alkaline medium (5% NaOH) in a constant temperature 32℃ during 
the entire process. The acquired products were filtered, dried, washed and kept for 
recrystallization to obtain 2E)-3-(4-iodophenyl)-1-(4-nitrophenyl) prop-2-en-1-one 
(4I4N). The Synthesis scheme is shown in the fig.1. 
O

N+

O– O

+

O

I

O

N+O–

O
I

NaOH

CH3CH2OH

 
 

Fig. 1 Synthesis Scheme of the compound 4I4N 
 

2.2   Crystal growth 
The single crystal of 4I4N was grown using solution growth approach using acetone 
as the solvent. The high-quality clear single crystals of considerable size were observed 
after five to seven days.  
 
3 Results and Discussions 
   3.1   XRD Analysis 
The newly grown crystals was coarsely pulverized and sent through a Rigaku MiniFlex 
XRD powder XRD examination. The XRD profiles demonstrate that the sample is 
single phase and devoid of any discernible impurities (Fig. 2). The well-defined 
Bragg's peaks at particular 2θ angles indicate a high degree of crystallinity in the 
substance. 
 
 
 

1-(4-nitrophenyl) 
ethan-1-one             

1-(4-iodophenyl)        
ethan-1-one                                                 

(2E)-3-(4-iodophenyl)-1-(4-
nitrophenyl) prop-2-en-1-one 
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3.2   UV-Visible spectroscopy 
A Cary 60-Agilent high resolution spectrophotometer was used to record the formed 
crystals' UV-Vis spectrum, covering the wavelength range of 200-1000 nm. We deduce 
that the crystal's absorption cut off wavelength of 456.6 nm can be ascribed to n→π* 
and may be related to the aromatic ring and C=O group excitation. There are no 
absorption peaks above this range that reach the infrared spectrum. This crystal's broad 
transparency range might make it useful for nonlinear optical applications. 

 
Fig. 2 Powder XRD Pattern of 4I4N 

 
Fig. 3 (a) Absorption Spectrum of 4I4N 
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3.3   FT-IR Analysis 
The FTIR spectrum of  𝐶𝐶15𝐻𝐻10𝑁𝑁1𝑂𝑂3𝐼𝐼1 was recorded between 400 to 4000 𝑐𝑐𝑐𝑐−1 using 
Perkin Elmer Spectrometer. FTIR spectra affirmed the presence of varied functional 
groups, and distinctive peaks were identified by comparing them with the chalcone 
derivative's conventional FT-IR pattern. The FT-IR spectrum of the title compound is 
shown in the fig. 4.  

 

                  Fig. 4 FT-IR Spectrum of 4I4N 
 

3.4   Nonlinear Optical Properties 
The third-order non-linear absorption (NLA) and non-linear refraction (NLR) of the 
novel chalcone was investigated concurrently using a single-beam z-scan approach. Z-
scan open apertures (OA) is performed to estimate the non-linear absorption 
coefficient (ß). Conforming the data from the experiment to the theoretical open-
aperture Z-scan transmittance equation yields the nonlinear absorption coefficient 
(𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒): 

T(z) =1-� 1
2√2

𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒𝐼𝐼0𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒 �
1

1+𝑧𝑧
2

𝑧𝑧0
2
�� 

 
This equation denotes the following: 
 𝑧𝑧0 = 𝜋𝜋𝜔𝜔0

2

𝜆𝜆
 is the sample's Rayleigh length; 𝐼𝐼0 is the on-axis peak irradiance at focus; 
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 𝐿𝐿𝑒𝑒𝑒𝑒𝑒𝑒 = �1−𝑒𝑒−𝛼𝛼𝛼𝛼�
𝛼𝛼

 is the solution's effective thickness and 𝛼𝛼 is the linear absorption 
coefficient:   and 𝛽𝛽𝑒𝑒𝑒𝑒𝑒𝑒 is the nonlinear absorption coefficient. Fig. 5 shows that the 
NLA increases as input intensity increases, meaning that the depth of the valley 
increases as irradiance. The non-linear absorption coefficient for an input irradiance of 
1.8 ×108 Wm2 is observed to be 11× 10-7 cmW-1 . 

 
Fig. 5 Open aperture Z-scan Curve of 4I4N 

4 Conclusion 
The new chalcone derivative was grown by means of solution growth technique (2E)-
3-(4-iodophenyl)-1-(4-nitrophenyl) prop-2-en-1-one crystal at room temperature. 
Powder XRD result shows the compound’s purity and crystallinity. By using FT-IR 
spectral analysis the different functional groups contained in the crystal was identified, 
and found that the crystal is highly transparent over the whole visible and infrared 
spectrum. The cut off wavelength of the crystal is proven to be 456.6 nm. A single 
beam Z-scan method was utilised to nonlinear absorption coefficient. The formed 
crystal exhibit nonlinear optical properties. 
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