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ABSTRACT

The present research explores the fabrication and characterisation of thick films of europium oxide (Euz03), produced by the screen-
printing method onto a Kapton film as a flexible substrate, for carbon dioxide (CO2) gas sensing at room temperature. Eu,03 has been
chosen as sensing material for COz gas due to the unique electrical structure, great sensitivity, and stability, and this study investigates
the capability of Eu203 as gas sensor to interact with various CO2 concentrations at room temperature. The project aims to develop
three Euz03 thick film sensors (Peul, Peu2, and Peu3) using screen-printing method. Furthermore, the films gas-sensing
characteristics are fully examined utilizing methods such as field emission scanning electron microscopy (FESEM), energy-dispersive
X-ray (EDX) spectroscopy, X-ray diffraction (XRD) and Raman spectroscopy. The result obtained from the graph of the I-V
measurements of three Eu203 gas sensors were linear. Peu3 produced the highest response value of 1.53 at concentration of 30 sccm
of CO2. Whereas Peul produced response value of 1.66 and 1.97 at concentration of 50 sccm and 70 sccm of CO2 gas, respectively. In
general, Peul responded the best to different CO2 gas concentrations and had the least resistance which was 0.666 G). Redox
interactions between COz and Eu3+ ions at the Eu203 surface cause this drop in resistance by increasing the concentration of charge
carriers and enhancing the electrical conductivity of the sensor material. These discoveries highlight the tremendous potential of

Euz20s as a sensing material for several industrial applications, including the detection of greenhouse gases.
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1. INTRODUCTION

Anthropogenic activities have led to an ever-increasing
concentration of carbon dioxide (CO2) in the environment,
which has become a notable ecological issue primarily
because of its role in accelerating global warming [1].
Therefore, the development of efficient and reliable CO2 gas
sensors is essential for environment monitoring, indoor air
quality monitoring, and automotive cabin air quality.
Deforestation, industrial operations, and the burning of
fossil fuels are the three primary sources of atmospheric
C02[2]. Coal, oil, and natural gas are examples of fossil fuels
that when burned to produce energy emit large volumes of
COz into the atmosphere. Deforestation and industrial
operations like cement manufacture and chemical
manufacturing also contribute to CO: emissions by
releasing stored carbon back into the atmosphere and
creating COz as a byproduct of chemical reactions [3].

Europium oxide (Euz03) is ideal for gas sensors because of
its unique electrical and structural features, which allow it
to detect and respond to the presence of certain gases [4],
[5]- The presence of europium ions (Eu3*) in the oxide
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structure generates oxygen vacancies, which serve as active
sites for gas adsorption and catalytic processes and can
alter the material's electrical conductivity when exposed to
target gases [6]. In this context, Eu203 exhibits distinct
characteristics and a high phase purity, resulting in a
suitable material for gas sensors [7]. The excellent phase
purity of Euz03 contributes significantly to the performance
and reliability of gas sensors by providing constant and
precise detection of target gases [8]. Europium oxide's
remarkable phase purity stems from its crystalline
structure and the perfect placement of europium ions inside
the lattice [8]. Europium oxide's stable phase structure
guarantees that the sensor response is constant over time,
reducing drift and guaranteeing dependable gas detection
capabilities [9].

A study reported the development of a Eu:203-based
hydrogen sensor that could detect hydrogen concentrations
as low as 100 ppm with a response time of less than
10 seconds [6] and a Euz03-based carbon monoxide (CO)
sensor exhibited a linear response to CO concentrations
ranging from 10 to 1000 ppm, with a fast response time and
good repeatability [10]. The development of an optical CO:
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sensor based on Eu20s3 and its use in observing a yeast
fermentation process revealed COz concentration values
that were comparable to those of a calibrated commerecial
CO: probe, confirming the calibration curve of the sensor
and its suitability for real-world applications [11]. The
researchers attributed the sensor's performance to the
unique electronic structure and redox properties of Eu20s.
Additionally, it can be observed that when Euz03 thick films
were exposed to CO2z gas, the sensor resistance drastically
reduced [12]. The alteration in resistance is ascribed to the
redox processes that occur between COz and Eu3*ions at the
surface of Euz03, therefore modulating the concentration of
charge carriers and improving electrical conductivity [13].
The degree of the resistance change corresponds well with
CO2 concentration, allowing for excellent sensitive CO2
detection.

The development of Eu:03-based gas sensors represents
prospective advances in gas sensing technology,
particularly for CO2 detection. Eu203 sensors outperform
typical COz sensors in terms of sensitivity, reaction time,
and operating conditions, including those based on
nanomaterials such as NiO-In203 nanospheres and
lanthanum oxide (Laz03). Sensors based on NiO-Inz203
nanospheres, for example, have a sensitivity of 40% at
50 ppm CO:z and a response time of 6 seconds at room
temperature, whereas Laz03-based sensors have similar
sensitivity and response characteristics but can be stable
for up to 50 days [14, 15]. Furthermore, additional CO:
sensors that rely on materials such as ZnO nanoflakes have
demonstrated remarkable ultrafast response times of under
20 seconds; nevertheless, they necessitate high operating
temperatures of 250°C [16]. The Eu203 sensors stand out
due to their balance of high sensitivity, rapid response, and
ability to work in ambient circumstances, making them a
highly effective and novel solution for real time gas
detection.

This study investigates the fabrication and characterisation
of Euz0s3 thick films using a screen-printing technique for
room temperature CO: sensing. Screen-printing is a low-
cost and adaptable technology to fabricate thick film gas
sensors, making it suitable for large-scale production and
practical applications. Energy-Dispersive X-ray
spectroscopy (EDX), Raman spectroscopy, Field Outflow
Filtering Electron Microscopy (FESEM), and X-ray
diffraction (XRD), were used in the characterisation of the
fabricated thick films. The research involves the
relationship between three thick films of Eu203 gas sensors
for analysing the performance parameters of the suggested
sensors toward different CO: concentrations at room
temperature.

2. METHODOLOGY

2.1. Fabrication of Euz03 Thick Film Gas Sensor by
Screen-Printed Method

A thick film gas sensor was constructed based on two layers:
a thick film paste and an interdigitated electrode. To make a
thick film paste, a binder should be mixed with a sensing
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material. Firstly, a binder was prepared by mixing 9.5 g of
terpineol with 0.5 g of ethyl cellulose. The mixture was then
agitated for 24 hours at 40°C and 200 rpm until it was
mutually homogenous. Next, the sensing material was
prepared by mixing 1 g of Euz03 with 1.4286 g of organic
binder to make a paste. This specific agitation method was
chosen to achieve thorough dissolution and uniform
dispersion of the components. The temperature of 40°C
reduces viscosity, which aids the blending process, while
200 rpm provides enough shear to enhance mixing. The
24 hours duration ensures that everything integrates well
for optimal outcomes. This procedure was adapted from
prior study [17]. After that, the mixture was agitated for
three hours at 30°C and 80 rpm which led to the creation of
Eu20s paste. The selection of 3 hours of agitation at 30°C and
80 rpm was chosen to ensure the thick film paste was not
agglomerated during the mixing process and produced
homogeneous paste to provide smooth surfaces of the
sensing surface of the gas sensor during screen-printing
fabrication. An interdigitated electrode was initially formed
on a Kapton film and fired at 150°C for 30 minutes in an
oven with a silver conductive paste. Next, the same screen-
printing method was used to place a sensing film made
entirely of Euz203 over the interdigitated electrode. After
that, the constructed gas sensor was annealed for an hour at
200°C in an oven. Finally, a tiny copper wire coated with
silver paste was joined to the leg of the interdigitated
electrode, completing the gas sensor's electrical contact as
shown in Figure 1. The three sensors Peul, Peu2, and Peu3
were created using the same materials and methods with no
major difference. However, slight differences in film
thickness or surface texture due to the screen-printing
process might impact their resistance values and sensing
response to the carbon dioxide gas.

2.2. Characterisation of Euz03 Sensor

The structural, morphological, electrical, and gas sensing
properties of the composites will be characterised by
FESEM, XRD, and Raman spectroscopy. Field Emission
Scanning Electron Microscopy (FESEM) reveals the uniform
distribution of Eu:03 particles within the thick films,
forming a porous network structure that facilitates gas
diffusion. The element composition and mapping of the
carbon elements, oxygen, and Eu203 were analysed using an
Energy Dispersive X-ray (EDX) within the FESEM to confirm
the presence of Euz203 materials on the surface of the gas
sensor. Raman spectroscopy range of 100cm! to
1000 cm1! aids in clarifying the Eu203 material's crystalline
structure and vibrational modes. The XRD scan range for
analysing Euz03 is between 20° and 80° to characterise
demonstrated the high crystallinity and phase purity of the
Eu203 material.
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2.3. Experimental Setup of Euz03 Gas Sensors Toward
Different Concentration CO2 Gas

The experimental setup for the gas sensor was based on a
schematic diagram of the gas chamber, as shown in Figure 2.
First, the gas sensors were exposed to the flow of nitrogen
gas acting as carrier gas followed by CO2 concentrations
which ranged from 30 sccm, 50 sccm, and 70 sccm. Each
cycle of CO2z gas flowed for 600 seconds. Three Euz03 sensor
on thick film was examined for its capacity to detect COz at
room temperature. Labview software was used to record
the gas sensor’s response.

3. RESULTS AND DISCUSSION
3.1. Morphology of Euz03 Using FESEM

The  surface  morphology and  microstructural
characteristics of the Eu203 powder were revealed by the
FESEM analysis at magnifications (10k) based on Figure 3
and Euz0s3 thick film FESEM analysis at magnifications (5k)
based on Figure 4. Both investigations confirmed that the
pure Europium Oxide’s surface morphology and
microstructural characteristics were quite similar even
after fabrication, as demonstrated by the FESEM analysis
referring to Figures 3 and 4. The finding reveals a rather
homogenous microstructure with a dense and uniform
crystalline structure of Euz03 nanoparticles throughout the
film surface [18]. A high surface area-to-volume ratio is
provided by the dense and homogeneous crystalline
structure of Eu203 nanoparticles, which was essential for
gas adsorption and interaction with gas molecules [19]. The
uniform dispersion of nanoparticles enables constant gas
adsorption sites, which leads to efficient gas detection.

3.2. EDX Analysis

Carbon, oxygen, and Eu203 were found to be the main
constituents in the Eu203 thick film, as validated by the EDX
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Figure 2. Gas Sensor Setup
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Figure 3. The Euz203 Powder using FESEM Analysis at
Magnifications 10k

Figure 4. The Eu203 Thick Film using FESEM Analysis at
Magnifications 5k

analysis based on Figure 5. The sample’s weight percentage
of Euz03 is 64.2%, as shown in data Table 1 and Figure 5.
The exceptional purity of the material under investigation
for gas sensing applications was confirmed by the high
proportion of Eu203. Comprehending the charge transfer
and resistance change processes during the gas sensing
operation necessitates a comprehension of the existence of
these constituents and their respective proportions [20].

Table 1. EDX analysis of Eu203 thick film

Elements
Carbon
Oxygen

Europium oxide

Weight (%)
18.5%
17.2%
64.2%

Atomic (%)
50.7%
35.4%
13.9%

2.52K
2246 ©
196K

168K

112k
0.84K
0.56K: Eu
028K

0.00K g g g g .
00 13 26 39 52 65 78

Figure 5. EDX analysis of Euz03 thick film
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3.3. Raman Spectroscopy Analysis

The Eu203 Raman spectroscopy analysis structure's two-
photon scattering process is responsible for the highest
peak at 343.95 cm! followed by three major peaks at
784.91 cm-1, 788.40 cm~1 and 777.01 cm-1! as displayed at
Figure 6. This value reveals a similar peak at about
339.4 cm!, and it is in close agreement with the value
provided in the linked study Eu203 nanocrystals
synthesised using Aspalathus linearis extract [20]. The
phase purity and crystallinity of the material synthesised in
the current work are confirmed by the near match in the
Raman shift values, which also validates the structural
similarities of the Eu:03 nanocrystals studied in this
research. This peak results from the combination of two
vibrational model. This mode is connected to the Eu-0
bonds in the Euz03 structure's asymmetric stretching. The
existence and strength of this peak provide illumination
regarding the thick film sample's structural integrity and
further support the cubic phase's genesis [21].

3.4. XRD Analysis

Figure 7 displays XRD analysis of Euz03 thick film. The
apparent peaks observed in the XRD analysis include the
(211), (321), (111), (220), (400), (511), (611), (612), and
(421) planes. The highest peaks at 38.19°, are associated
with the cubic fluorite structure of Euz03, which correspond
to the (311) plane as presented in Ref. [22]. This result
indicates that the expected Euz203 phase was crystalline
since the peaks produced were near to the peaks as
discussed in [22]. A thorough investigation of peak
broadening is required for an accurate assessment of
crystallite size. Peak intensities vary, most likely because of
the crystal structure and the sample's crystallites' preferred
orientation [23]. Certain crystallographic planes refract X-
rays more effectively than others, resulting in discrepancies
in measured intensities [24].

3.5. The Performance Parameters of Euz03 Sensors
Toward Different CO2 Concentrations at Room
Temperature

The resistance of Euz03 gas sensors of Peul, Peu2, and Peu3
were approximately 0.666 Gf, 0.695 G(, and 0.690 G,
respectively which can be obtained by referring to
Equation (1) from I-V measurement graph of these three
Eu20s3 gas sensors based on Figure 8. The result obtained
from the graph of the I-V measurement of three Euz03 gas
sensors was linear. The measurement of Euz03 in terms of
electrical characteristics is connected to Ohm's Law, in
which the current flowing through a conductor is directly
proportional to the voltage applied across it at a constant
temperature [25]. The characteristics of Ohm's Law are
observed in the conductivity behaviour, resistance, and
reaction of Eu20s3 to changing voltages and currents during
the measuring procedure. The resistance of the gas sensor
can be calculated using the formula as follows:

1
- Slope

(1)
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Figure 6. Raman spectroscopy analysis of Euz203
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Figure 7. XRD analysis of Euz03 thick film
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Figure 8. I-V measurement of three Eu203 gas sensor

Figure 9 presents the graph of three Eu203 gas sensor
performances towards COz at room temperatures. Then the
sensing response of the gas sensors towards CO2 which can
be obtained by referring to Equation (2) was tabulated in
Table 2 based on Figure 9. Peu3 showed highest response of
the gas sensors towards 30 sccm concentration of CO2 gas
which was 1.53. However, Peul showed the highest
response than other gas sensors at CO2 concentration of



Table 2. Response of three Eu203 gas sensors toward
different concentrations of COz gas

Gas Sensor Response of Sensors Toward COz Gas
30 sccm 50 sccm 70 sccm
Peul 1.36 1.66 1.97
Peu2 1.12 1.32 1.62
Peu3 1.53 1.35 1.38
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Figure 9. Three Eu203 gas sensor performances towards CO2z gas
under room temperatures

50sccm and 70 sccm ¢ which were 1.66 and 1.97,
respectively. The sensing response of the gas sensor was
defined as follows [26]:

Ico,
s=—"

(2)

In,

where Icoz is current during CO2z gas at saturated value and
Inz is current during nitrogen exposure at saturated value.

Peul shows the best response and performance towards
different concentrations of COz at room temperatures and
has the lowest resistance based on Figure 9 and Table 2
even though it has the second-best response in 30 sccm
concentration of COz gas only. The Eu3* ions on the surface
of the material interact with CO2 molecules when the Euz203
thick film is exposed to CO2z gas as in Figure 9. The redox
process that results from this interaction converts COz into
CO0s32- and reduces Eu3* ions to Eu?* ions [27]. The general
response can be shown as follows:

2Eu3* + COz2 = 2 Eu?* + CO32-

(3)
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This redox process alters the concentration of charge
carriers in the Eu20s film, resulting in a considerable drop in
sensor resistance. The material's electrical conductivity is
improved when Eu3* is reduced to Eu2* because there are
more charge carriers in the substance [14]. The amount that
the resistance changes is directly correlated with the CO:
gas concentration. The redox reaction's extent grows with
rising CO:z concentration, which causes the sensor
resistance to fall significantly [13]. The connection between
sensor resistance and COz concentration allows the Euz03
thick film to detect COz gas with great sensitivity. When the
resistance of Peu2 and Peu3 increases based on Figure 9
and Table 2, the sensor's performance was dropped upon
exposure towards CO2. The resistance of the film changes in
response to the COz interaction-induced change in electrical
conductivity. A gas sensor with better sensitivity often
demonstrates a larger change in resistance when exposed
to the target gas [28]. Consequently, the n-type operating
mode of the Euz03 sensor and the measuring configuration
resistance increase assessed as a positive response
determine the link between resistance change and sensor
sensitivity. A less sensor response for an n-type Eu203
sensor is shown by a drop in conductivity resulting from an
increase in resistance following COz exposure [28]. On the
other hand, a p-type Euz203 sensor's increased conductivity
as a result of a decrease in resistance in response to CO2
exposure would be seen as a positive reaction and
suggestive of increased CO:z [29]. Peu3 shows the least
performance towards COz when the concentration
increases even though it has the second highest resistance.
This was due to the minimal change in resistance for Peu3
signifies weak interaction with the target gases, leading to
low performance as the concentration of COz increases [30],
[31]. This limited interaction leads to a reduced redox
reaction, prohibiting efficient conversion of CO, into
carbonate ions and reduction of Eu* ions to Eu®* ions. As a
result, fewer charge carriers are generated, resulting in
minimal resistance changes and reduced sensitivity. Peu3
higher resistance does not compensate for its poor
interaction with CO,, resulting in poorer performance.

3.6. Comparison of Euz03 Sensors toward COz Gas with
Past Literature

Table 3 lists the characteristics of CO2 gas using various
sensing materials such as ZnO, Laz03, and In203 with our
work. It can be observed that some of the sensing material

Table 3. Comparison of COz sensor using various sensing materials

Sensing Material CO: Level Operating Temperature (°C) Response Value (S) Ref.
Rgas_Rair (%)) IC&
Rair INz
Laz03 200 ppm 410 120 1.17 [13]
rGO/NiO-In203 50 ppm Room temperature 40 1.60 [14]
Laz03 50 ppm Room temperature 80 1.03 [15]
Zn0 1000 ppm 250 - 2.00 [16]
Euz203 30 sccm Room temperature 60 1.53 This work
50 sccm 90 1.66
70 Sccm 88 1.97

560




Sanmugavelan ef al. / Room Temperature Carbon Dioxide Gas Sensor based on Europium Oxide with a Kapton Film as a Flexible Substrate

worked at high operating temperatures to sense low
concentrations of CO2z gas. It can be seen that Euz0s is a
potential sensing material that can be used as CO: gas
sensor at room operating temperatures. Even though the
response value is not as high as other sensing materials, this
Eu203 can be used to detect COz gas, and the sensing
response can be enhanced in future work by doping with
other materials based on metal such as silver nanoparticles
[32] and graphene nanoflakes [33]. Nanostructured or
doped forms of Eu,03 can improve sensitivity and decrease
operating temperatures, making it more competitive for
real-world applications.

4. CONCLUSION

This study explored the fabrication and characterisation of
Eu20s thick films for CO2z gas detection applications at room
temperature using a screen-printing approach. Field
Emission Scanning Electron Microscope (FESEM), Energy
Dispersive X-ray (EDX), X-ray diffraction (XRD), and Raman
spectroscopy results have been presented and verified.
Briefly, Peul had the greatest response value at 50 and 70
sccm concentrations of COz gas, as well as the least
resistance, making it the most effective gas sensor, while
Peu3 had the best response at 30 sccm concentrations of
COz gas only. A drop in Eu3* to Eu?* and a subsequent
decrease in sensor resistance are caused by the interaction
between CO: particles and Eu3* particles on the film's
surface, which is likely included in the detecting apparatus.
In conclusion, this study demonstrates the possibility of
screen-printed Euz0s thick films as an effective room
temperature COz gas detection method. In future work, the
Eu20s-based sensors will be doped with metal-based
materials such as graphene with various weigh ratios to
improve the sensing response to the CO2z gas. The Eu20s3-
based sensors may be developed for practical uses in
natural observation and outflow control by exploring
various fabric modifications and improving the
manufacturing process.
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