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Abstract

In this work, LaCrOs nanostructure were modified with annealing temperature. The present
work deals with the study of the impact of annealing temperature on the structural, electrical
and gas sensing properties of LaCrOs thick films. The thick films of LaCrOs were developed
on glass substrate by screen printing technique. The LaCrOs nanostructure was synthesized
by sol-gel method. The characterizations were carried out by using standard tools like X-ray
diffraction (XRD), energy-dispersive X-ray (EDX) and scanning electron microscopy (SEM)
revealed the confirmation of a crystal structure, elemental analysis and the morphology of
synthesized LaCrOs respectively. The impact of annealing temperature on selected properties
of LaCrOs thick films were successfully studied. The investigation suggested that, the
annealed thick films possess better results than unannealed films. The developed LaCrOs
thick films were used to detect various hazardous air pollutants such as NO2, CHa, LPG,
ethanol, NHs and petrol vapor. LaCrOs thick films shows maximum sensitivity to nitrous
oxide gas at operating temperature 160 °C. The films also demonstrated quick response and
recovery time.
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1. Introduction

The study of the impact of annealing temperature on metal oxide and perovskite oxide films
is considered important due to its significant effects on various properties. During
annealing, a material is heated to a specific temperature and then allowed to cool slowly,
which leads to considerable alterations in structural, electrical, optical, physical, and gas
sensing properties [1]. In terms of structural properties, crystallinity, grain size, and phase
composition of films are influenced by annealing temperature. Higher temperatures have
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been observed to promote crystallization and grain growth, resulting in improved structural
integrity and enhanced mechanical strength. In the electrical properties, variations in
conductivity are induced by changes in carrier concentration, mobility, and defect states
within the material due to annealing [1,2]. Through the optimization of annealing
conditions, resistivity is reduced or increased, and conductivity is changed, which is key for
applications in electronics and sensors. In the case of optical properties, modifications in
the optical bandgap, transparency, and light absorption characteristics of oxide films are
induced by annealing [2]. Controlled annealing has been reported to enhance light
absorption in photovoltaic materials and improve transparency in optical coatings.
Mechanical properties, such as hardness, adhesion, and thermal stability, are also influenced
by annealing, making films more durable and adaptable to various environmental
conditions. For gas sensing applications, surface morphology, defect density, and
interaction sites available for gas molecules are affected by annealing temperature. By
optimizing annealing conditions, improvements in sensitivity, selectivity, and response time
of gas sensors are achieved. The significance of studying annealing temperature lies in the
optimization of these properties for specific applications [3,4]. Vast differences in material
characteristics have been observed under different annealing temperatures, making it
essential to determine ideal conditions that maximize performance and functionality.
Through this understanding, oxide films are tailored to meet the stringent requirements of
diverse technological applications, including sensors, optoelectronics, catalysis, and energy
storage. Therefore, detailed investigations into the effects of annealing temperature
continue to provide critical insights that contribute to advancements in material science and
technology [5-7].

Lanthanum chromite (LaCrOs) is a perovskite oxide with a wide range of applications
due to its excellent thermal stability, electrical conductivity, and catalytic properties,
making it suitable for various applications, particularly in high-temperature and catalytic
environments [8]. It has been observed that LaCrO3 adopts a perovskite crystal structure
(ABO:s), where La (Lanthanum) is positioned at the A-site, Cr (Chromium) occupies the B-
site, and O (Oxygen) forms the octahedral network. The theoretical density of LaCrOs; has
been reported to be approximately 6.67 g/cm3 [9]. Good mechanical strength and hardness
are exhibited by LaCrOgs, which are considered important for structural applications. It has
been found to function as a catalyst in various chemical reactions, including oxidation and
reduction processes, and its catalytic activity has been shown to be modifiable by doping
with other elements [10,11]. High resistance to corrosion and chemical attack has been
noted, contributing to its durability in various environments. Mixed ionic and electronic
conductivity has been exhibited by LaCrOs, and it has been classified as a p-type
semiconductor. The band gap of LaCrOs has been found to be around 3.4 eV, which
influences its semiconducting behavior. Its dielectric properties have been characterized by
a high dielectric constant, making it applicable in capacitor technology and dielectric
materials in electronics. Moderate thermoelectric properties have been observed in LaCrO3
and it has been demonstrated that doping with other elements can enhance its performance
in thermoelectric devices [12]. Due to its high thermal stability, chemical resistance, and
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electrical conductivity, LaCrOshas been regarded as a versatile material suitable for various
advanced technological applications, especially in high-temperature environments and
energy-related devices. Ongoing research continues to focus on further exploring and
enhancing these properties, thereby expanding the potential applications of LaCrOs
nanoparticles [13-15].

Annealing temperature is defined as the temperature at which a material, such as
nanoparticles or films, is heated and maintained for a certain period to induce alterations in
its physical, electrical, magnetic, optical, and chemical properties. This process has been
recognized as crucial in materials science and engineering for enhancing the performance
of materials for specific applications [15,16]. Therefore, the present research has been
focused on investigating the impact of annealing temperature on the structural, electrical,
and gas sensing properties of LaCrOs thick films, which have been developed using the
screen-printing technique. In this study, a comparative analysis of the structural, electrical,
and gas sensing properties of both unannealed and annealed LaCrOs3 thick films has been
reported.

2. Materials and Methods
2.1. Material

The LaCrOsz nanoparticles were synthesized from the chemicals without further
purification. All analytical (AR) grade required chemicals were purchased. Lanthanum
nitrate [La (NOs) 3], chromium nitrate Cr(NOz)s, double distilled water and citric acid were
purchased from Sigma enterprises , Nashik.

2.2. Synthesis of LaCrOs nanoparticles by sol gel

LaCrOs nanoparticles were synthesized by straightforward and less expensive sol gel
method. For this synthesis we followed the same procedure according to our prior work
[17,18]. The synthesis process and steps are illustrated in Fig. 1.

2.3. Development of thick films of synthesized LaCrOs nanoparticles

The thick films of synthesized LaCrOs nanoparticles were developed on a glass substrate.
The conventional screen-printing technique was utilized for the fabrication of LaCrOsfilms.
This technique has been noted to be cost-effective and does not require a power supply for
the preparation of thick films. The synthesized LaCrOs nanoparticles or nanopowder were
converted into a thixotropic paste by maintaining a standard ratio of inorganic (70 %) and
organic (30 %) chemicals. The inorganic component consisted of synthesized LaCrOs
nanoparticles, while the organic chemicals included butyl carbitol acetate (BCA) and ethyl
cellulose (EC) [16,19]. In Fig. 2, the steps involved in the development of thick films of
synthesized LaCrOs; using the screen-printing technique are illustrated.
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Lanthanum nitrate Chromium nitrate Citric acid
[La (NOs) ;] (0.07 moles) [Cr (NO3) 3] 0.075 moles (0.09 moles)
dissolve in distilled water | | dissolve in distilled water | | dissolve in distilled water

. 4

‘ Mixing of all prepared solutions at room temperature |

| Magnetic stirrer for minimum 3-4 hours

«

Solutions then mixed and heated at 80 °C using magnetic stirrer |

<
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«

‘ Constant heating sol is converted into viscous liquid (Gel) |
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| Obtained gel was initially dried under IR lamp for 2-3 hours |

«

' Precipate was crushed and grinded using molten and pestle |

‘ LaCrO, nanoparticles synthesized successfully |

Fig. 1. Flowchart of synthesis of LaCrOs nanoparticles.
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Fig. 2. Steps for development of thick films of synthesized LaCrOs.
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In the present research work, the prepared thick films have been categorized in two
ways: first, as unannealed LaCrOsthick films, and second, as LaCrOs thick films subjected
to annealing for studying its effects. The unannealed LaCrOs thick film samples have been
labeled as Lal, while the annealed LaCrOs thick film samples have been designated as La2.
The films (La2) were annealed at a temperature of 400 °C for a duration of 3 hours using a
muffle furnace.

2.4. Characterization techniques

The prepared unannealed and annealed thick films of LaCrOsz were characterized by
standard techniques or tools. The Scanning Electron Microscopy (SEM) was carried out
using Model JEOL 6300(LA), Germany. The elemental analysis was carried out using
energy dispersive X-ray spectrometer EDX (JEOL- JED-2300, Germany). The X-ray
diffractometer was carried out using [Bruker D8, Advance, Germany] using CuKa radiation
(A=1.5409 A). The XRD analysis was done in 20 angle range of 20° to 80°. The thickness
of films was calculated using mass difference method. The electrical parameters like
resistance, resistivity, activation energy and temperature coefficient resistance (TCR) of
films were measured using half bridge method. Gas sensing study was carried out using
static gas sensing system.

3. Results and Discussion

3.1. Study of structural properties of LaCrOs thick films

3.1.1. Scanning electron microscopy (SEM)

The impact of annealing temperature on the morphology of LaCrOs thick films is

investigated in this study by scanning electron microscopy (SEM). The SEM images of
prepared LaCrOs thick films are shown in Fig. 3 at 10 K magnifications.

zZeky X18, 688 Mm JEO zZeky X1o, 088 M SPPU-JEOL

Fig. 3. SEM images of (a) unannealed and (b) annealed LaCrOs thick films.
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The annealing temperature facilitate atomic diffusion, leading to grain growth and more
regular grain shapes. The grains become larger, more uniform, and well-defined. This
annealing process increase the porosity of film [29,30]. Annealing temperatures also
promote surface smoothing as shown in Fig. 1b. Annealing temperatures lead to a more
homogeneous microstructure [18,19]. Grain boundaries become fewer and less prominent
as grains grow [31,32]. Fig. 1b also shows the surface of film is smoother than Fig. 1a with
higher voids and porosity. The specific surface area was estimated using BET method [Eq.
1] and the diameter of spherical particles was measured using Image J software [19].

Sw = 6/pd @)

Where, Sw is the specific surface area, d is the diameter of the particles and p is the
density of the particles.

The specific surface area for unannealed and annealed LaCrOs thick films was found to
be 2.15 m?/g and 5.23 m?/g respectively. The higher surface area plays a very vital role for
gas sensing mechanism, higher surface area enhanced the sensitivity and selectivity of the
film sensor [32].

3.1.2. Energy dispersive X-ray spectrometer (EDX)

Energy Dispersive X-Ray Spectroscopy (EDS or EDX) is a chemical microanalysis
technique used in conjunction with scanning electron microscopy. Fig. 4 shows the
elemental composition of prepared LaCrOg thick films. The EDX spectra of unannealed and
annealed LaCrOs thick films clearly indicate the presence of La, Cr, and O peaks which
confirming the by adopted sol-gel method the nanoparticles of LaCrOs are successfully
synthesized. The sharp peaks of oxygen and chromium was found to be at 0.4-0.8 KeV.
While the characteristics peak of lanthanum was found to at in the range of 4.2-5.8 keV.

Spectrum 1

 ARmat . ey = - s e -
0 2 4 6 8 10 0 2 B 6 8 10
Full Scale 3955 cts Cursor, 0000 keV] Full Scale 4578 cts Cursor: 0,000 ke

Fig. 4. EDX spectra of (a) unannealed and (b) annealed LaCrOs thick films.

The EDS spectrum of LaCrOs thick films shows its elemental composition and the
weight and atomic percentage values are tabulated in Table 1.
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Table 1. Elemental outcomes of unannealed and annealed LaCrOs thick films.

Sample Elements Weight% Atomic%
0 41.40 80.89
Lal Cr 15.75 09.47
La 42.85 09.64
(0] 37.49 78.17
La2 Cr 17.00 10.91
La 45.50 10.93

By comparing the weight and atomic percentage values of unannealed and annealed
LaCrOs thick films, it is observed that the weight and atomic percentage of oxygen
vacancies are decreased with annealing temperature. The La2 sample shows less number of
oxygen elements compare to Lal sample. It could be because of annealing temperature
provide sufficient energy to the material, allowing oxygen atoms to diffuse and occupy
vacant sites [20]. This process reduces the number of oxygen vacancies as the crystal
structure becomes more ordered and closer to its stoichiometric composition. During
annealing in an oxygen-rich environment, LaCrOs can re-oxidize, allowing oxygen atoms
to fill the vacancies created during synthesis or previous treatments. This re-oxidation
process is facilitated by the increased mobility of oxygen ions at higher temperatures
[16,19]. This results in a decrease in both the weight and atomic percentage of oxygen
vacancies as the material becomes more stoichiometric and less defective [34,35].

3.1.3. X- ray Diffraction (XRD)

For the analysis the structural parameters like crystallinity, structure of material, defects,
stresses, homogenized, and average bulk composition of material XRD is extensively used.
The XRD pattern of LaCrOs thick films is reveal in Fig. 5. It is found that, the peak intensity
of La2 sample is maximum to Lal sample.
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Fig. 5. XRD pattern of (a) unannealed and (b) annealed LaCrOs thick films.
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The obtained results suggest that, annealing temperature improve the crystallinity of the
material. The annealing temperature enhance the crystallinity of LaCrQOj3 thick films it may
be due to annealing process the energy provided allows atoms to move more freely and
occupy their proper lattice positions. This leads to a more ordered crystal structure with
fewer defects, resulting in sharper and more intense XRD peaks [21]. Synthesis of the
desired LaCrOs was also confirmed by XRD analysis. The XRD pattern revealed in Fig. 5
illustrates broad peaks due to the nanosized of particles and matches with the reported
JCPDS data card N0.24-1016 [21]. It is also recorded that the position of prominent peak is
shift due to annealing temperature comparing the JCPDS data [22]. The prominent peak for
Lal and La2 samples was indicated by hkl plane (1 1 2) and attributing orthorhombic
perovskite structures. After annealing few peak’s intensity was found to be increases as
shown in Fig. 5b. The obtained XRD peaks are in good agreements with the reported results.
The orthorhombic structure of samples has the lattice parameters a = 5.586 A and b = 5.488
A, ¢ =7.758 A (c/a = 1.388) respectively. The crystalline size (D) for both samples was
calculated using Scherrer’s equation [Eq. 2] and calculated values of crystalline size are
tabulated in Table 2.

_ K @

pCosé
Where, D = Crystallite size, K = Scherrer constant (0.9), = Full width of half maxima
(FWHM), and A = wavelength of X source.

The crystalline size of La2 sample is found to be minimum than Lal sample. Due to
annealing process the crystallite size of LaCrOs thick films is deceased. The decreased size
of crystallite size because of annealing temperatures can relieve internal strains in the
material. While this typically leads to grain growth, in some cases, the relief of strain can
lead to the breaking up of larger crystallites into smaller ones if the material structure
becomes more stable in this configuration [20,21]. Restructuring to minimize surface
energy, resulting in smaller crystallites. Due to reduction in size of crystallite it affects the
gas sensing property because as crystallite size decreased the surface area to volume ratio
increased which affect gas sensing properties of sensor. Smaller crystallites mean a larger
surface area relative to volume, providing more active sites for gas adsorption [16]. More
surface atoms and active sites allow for greater interaction with gas molecules, leading to
higher adsorption rates. This increased surface area improves the sensor's ability to detect
lower concentrations of gases, enhancing its sensitivity [20].

Table 2. Structural outcomes of unannealed and annealed LaCrOs3 thick films.

Sample 2 Theta FWHM Intensity Crystallite size Surface area (m?/g)
(hm)
Lal 32.53 0.2151 5029.4 40.11 2.15

La? 32.82 0.1936 7484.3 44.59 5.23
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3.2. Study of electrical properties of LaCrOz thick films

Converting metals into metal oxides for gas sensing applications involves several synthesis
methods. These methods ensure the production of metal oxides with desired properties such
as high surface area, appropriate morphology, and specific crystalline phases. The
confirmation of conversion of metals into metal oxides is verify by electrical properties.
The metals are positive temperature coefficient while the metal oxides are negative
temperature coefficient because metal oxides are playing the role like semiconductors. The
baseline resistance of a metal oxide sensor is determined by its semiconducting properties
and ambient conditions [23]. To confirm the semiconducting property of synthesized and
prepared LaCrOs thick films the electrical characterizations were carried out by using half
bride method and static electric and gas sensing system shown in Fig. 6 [20,24].
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Fig. 6. Schematic diagram of static electric and gas sensing system.

The DC resistance of LaCrOs; thick films was estimated using Eq. 3. The resistance
versus temperature plots of unannealed and annealed LaCrOs thick films are shown in Fig.
7.

R sample = R ref [[(V supply) / (V ref)]-1] 3)
Where, R sample is resistance of sample or film, R ref is reference resistor (10 M ohm), V
ref is reference voltage across the sample.

Fig. 7 suggests that, as surrounding temperature of films is vary between the 280-640 K
the resistance of films is changed. As surrounding temperature raised the resistance of both
samples is deceased attributing negative temperature coefficient of resistance means
semiconducting behavior of the films [20]. It is also observed that, the La2 sample shows
more resistance at room temperature than Lal sample due to annealing process. The smaller
crystallites alter electrical conductivity due to electron transport pathways along grain
boundaries. The excessive grain boundaries can also act as scattering centers, reducing
conductivity hence resistance is increased.
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Fig. 7. Variation of resistance versus temperature plot of (a) unannealed and (b) annealed LaCrOs
thick films.
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Fig. 8. Log R against 1/T for activation energy plot of (a) unannealed and (b) annealed LaCrO3 thick
films.

The resistivity and activation energy are the significant electrical properties and their
magnitude plays vital role in the gas sensing mechanism. The resistivity, Temperature
Coefficient of Resistance (TCR) and activation energy at higher temperature region (HTR)
and lower temperature region (LTR) of LaCrOs thick films are calculated by using Egs. 4-
6 respectively [20,23]. The calculated electrical parameters magnitudes are tabulated in
Table 3.

Resistivity (p) = (R x b x t)/I 4)
Where, R is resistance at room temperature of sample, | is length of sample, b is width of
sample, and t is thickness of sample.

TCR= 1/Ro (AR/ AT) /°C (5)
Where, AR is change in resistance between temperature T1 and Ty, AT is temperature
difference between Tiand T, and Ry is resistance of the film at room temperature.

AE=log R/log Ro x KT (6)
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Where, AE is activation energy, R is resistance at room temperature, Ro is resistance at room
temperature, K is Boltzmann constant and T is absolute temperature.

The activation energy in this region corresponds to the bandgap energy of the material.
It is the energy required to move electrons from the valence band to the conduction band
[22]. The estimated activation energy values for unannealed and annealed LaCrOs thick
films are shown in Table 3. TCR is vary depending on the conduction mechanism. TCR is
a crucial parameter for understanding how the electrical resistance of a material changes
with temperature. It is especially important for materials used in sensors TCR is typically
negative as resistivity decreases with temperature due to increased intrinsic carrier
generation [21-23]. TCR is defined as the relative change in resistance per degree change
in temperature. The TCR for unannealed and annealed LaCrO3 thick films is -0.00372 and
-0.00156/°C respectively. Table 3 shows the all estimated electrical outcomes of unannealed
and annealed LaCrOg thick films.

Table 3. Electrical outcomes of unannealed and annealed LaCrOs thick films.

Sample Thickness Resistivity TCR Activation Energy (eV)
(Hm) (Q.m) (°C) HTR LTR
Lal 55 2356867 -0.00372 0.1751 0.0251
La?2 59 2765330 -0.00156 0.1061 0.0273

3.3. Study of gas sensing properties of LaCrOs thick films

Metal oxides are widely used in gas sensing applications due to their unique properties,
such as high electrical conductivity, catalytic activity, and ability to interact with various
gas molecules. The sensor's operating principle is based on the change in conductivity of
the metal oxide when it interacts with gas molecules. The gas adsorption at the surface
modifies the charge carrier density, leading to changes in resistance [23]. The gas sensing
study was executed is display in Fig. 6. In the present research work the prepared LaCrO3
thick films were tested to various gas like NO,, CH., LPG, ethanol, NHz and petrol vapor.
We continue to emphasize the need to monitor these gases using metal oxide sensors as all
of these gas vapors are fatal and even small concentrations can be quite toxic. By using a
thermostat to maintain a constant temperature inside the gas detection set up, gas residue
was removed after each reading of gas sensing [24]. The sensitivity of LaCrOgz thick films
was calculated by utilizing Eq. 7. The sensitivity versus temperature plot of LaCrO3 thick
films is revealed in Fig. 9.

Sensitivity = Ra-Rg/Ra x 100 )
Where, Ra - Resistance of a thick film in air and Rg - Resistance of thick film presence of
gas.

The prepared unannealed and annealed LaCrOs thick films show maximum sensitivity
to NO; gas compared to other tested gases. The maximum sensitivity recorded for Lal and
La2 samples is 68.19 % and 87.31 % respectively at 160 °C operating temperature. At 160
°C temperature, the thermal energy is sufficient to overcome activation barriers for
adsorption and desorption processes, which is crucial for quick sensor responses. It is
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observed that, the annealed thick films show the maximum sensitivity at lower ppm of NO;
gas as compare to unannealed thick film samples.
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Fig. 9. Sensitivity versus temperature plot of (a) unannealed and (b) annealed LaCrOs thick films.

Annealing is a heat treatment process that can significantly affect the properties of thick
films, such as LaCrQOs, enhancing their gas sensing performance [16]. Annealed thick films
often show maximum sensitivity at lower concentrations of NO. gas compared to
unannealed samples due to annealing temperature promote grain growth and modify the
film’s surface morphology, increasing surface roughness and porosity confirm by SEM
analysis [20]. A higher surface area provides more active sites for gas adsorption. More
adsorption sites mean that even at lower concentrations of NO», a significant number of gas
molecules can interact with the film, increasing its sensitivity [20,23]. The selectivity of the
LaCrOs thick films for a particular gas over others was estimated using Eq. 8.

Selectivity = Sgas/Starget gas X 100 (8) Where,
Sgas IS sensitivity of interfering gas at an optimum operating temperature and Starget gas IS
sensitivity of the target gas at the same temperature.
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Fig. 10. Selectivity histogram for (a) unannealed and (b) annealed LaCrOs thick films.
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Fig. 10 shows the selectivity histogram of LaCrOs3 thick films. The maximum selectivity
was found to be to NO; gas. The defect states in LaCrOs, such as oxygen vacancies, play a
crucial role in enhancing the adsorption of NO; gas contributing to its selectivity [16,22].
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Fig. 11. Sensitivity versus NO2z gas ppm plot of (a) unannealed and (b) annealed LaCrOs thick films.

Sensitivity versus NO, gas ppm plot of LaCrOs thick films is shown in Fig. 11. The La2
sample shows maximum sensitivity for 800 ppm concentration of NO, gas while Lal
sample shows maximum sensitivity for 1000 ppm concentration of NO. gas. The La2
sample shows max sensitivity at lower temperature due to annealing process. The difference
in maximum sensitivity to NO> gas between annealed and unannealed LaCrO; thick film
samples can be attributed to the effects of the annealing process on the material's structure
and properties. The improved properties of the annealed film, such as higher surface area,
better crystallinity, and optimized defect states, contribute to higher sensitivity at lower
temperatures [16,23]. This is because the enhanced interaction and adsorption of NO;
molecules occur more effectively even at lower thermal energies. The unannealed sample
requires a higher concentration of NO, (1000 ppm) to achieve maximum sensitivity due to
lower surface area, higher defect density, and less optimized surface chemistry [25].
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Fig. 12. Response and recovery curves for (a) unannealed and (b) annealed LaCrOs thick films.
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Fig. 12 illustrate the response and recovery curves of LaCrOs thick films. The response
and recovery time for unannealed sample was recorded 14 and 108 seconds respectively.
While the response and recovery time for annealed sample was recorded 12 and 96 seconds
respectively. The annealed sample shows the quick response and recovery time to NO; at
operating temperature 160 °C as compared to unannealed LaCrOs thick films sample.
Annealing increases the surface area and porosity of the films hence more porosity means
gases can diffuse more quickly into and out of the film, improving both response and
recovery times [25].

The reusability performance of LaCrOs thick films, whether annealed or unannealed, is
an important aspect of their application in gas sensing. Reusability indicates the sensor's
ability to consistently respond to repeated exposure to a target gas [16], such as NO2, over
multiple cycles. In this work, stability of sensor was tested by the run of 10 days up to 2
months. After each run the sensitivity of LaCrOs thick films was found to be decreased due
to humidity and environmental or ambient conditions [25]. The sensitivity of Lal sample
was decreased from 68.19 % to 64.41 % during the selected days. The sensitivity of La2
sample was also decreased from 87.31 % to 85.24 % during the selected days. La2 sample
shows more stability the Lal sample. The annealing temperature has a profound effect on
the stability of LaCrOs thick films. Optimal annealing temperatures enhance structural,
electrical, and gas sensing stability by improving crystallinity, reducing defect density,
optimizing surface area, and stabilizing electrical properties. Films annealed at these
temperatures exhibit better mechanical integrity, consistent electrical behavior, stable gas
sensing performance, and improved thermal resilience [25].
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Fig. 13. Reusability performances of (a) unannealed and (b) annealed LaCrOs thick films.

The gas sensing mechanism of LaCrOs thick films to NO; gas is illustrate in Fig. 14.
NO; is a strong oxidizing agent and has a high affinity for the oxygen vacancies and surface
oxygen species present on LaCrOs. This strong interaction leads to significant changes in
the electrical properties of the film [26]. NO2 molecules can chemisorb on the LaCrO;
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surface, which involves a transfer of electrons and a more stable interaction compared to
physisorption, enhancing sensitivity [11]. The sensing mechanism is temperature-
dependent. An optimal operating temperature, such as 160 °C, can enhance the adsorption-
desorption kinetics and charge transfer processes, leading to improved sensitivity.

NO: is oxidizing gas and LaCrOs is p type semiconductor. When an oxidizing gas, such
as NO2, comes into contact with a p-type semiconductor, interactions occur at the surface.
The oxidizing gas molecules adsorb onto the surface of the p-type semiconductor. This can
occur via physisorption. In a p-type semiconductor, holes (positive charge carriers) are the
majority carriers [20]. When the oxidizing gas captures electrons from the semiconductor,
it effectively reduces the recombination of holes and electrons, leading to an increase in
hole concentration [25,26]. The removal of electrons from the conduction band or from
surface states leads to a relative increase in the number of holes (majority carriers) in the
valence band. As the concentration of holes increases, the electrical conductivity of the p-
type semiconductor increases, leading to a decrease in electrical resistance [28]. This is
because the higher hole concentration improves the ability of the semiconductor to conduct
electrical current. The change in resistance of LaCrOs thick films is consider as sensitivity
of film [27-29].

Gas

Resistance (Q)

b

Fig. 14. Gas sensing mechanism of LaCrOs thick films to NO2 gas.

4, Conclusion

LaCrOgz nanoparticles were successfully synthesized using a less expensive sol-gel method.
The LaCrOsthick films were developed on a glass substrate through a cost-effective screen-
printing method. The impact of annealing temperature on LaCrOs thick films was studied,
and it was found that annealing temperature strongly influences their electrical, structural,
and gas sensing properties. The increase in peak intensity observed in the XRD pattern of
LaCrO3 with annealing temperature was attributed to improved crystallinity, reduction of
defects, grain growth, increased phase purity, and annihilation of point defects. Due to the
enhancement of adsorption sites, improved crystallinity, and better electrical properties,
maximum sensitivity was achieved in the annealed sample at a lower NO; concentration of
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800 ppm. It was observed that, the annealed LaCrOs thick films exhibited quicker response
and recovery times to NO- at an operating temperature of 160°C compared to unannealed
samples. This improvement was attributed to enhanced crystallinity, increased surface area,
optimized surface chemistry, and improved electrical properties resulting from the
annealing process. These modifications facilitated more efficient gas adsorption and
desorption, leading to faster sensor performance. For applications requiring reliable and
repeatable gas sensing performance, annealed LaCrOjs thick films were found to be
preferable. More consistent responses were demonstrated by annealed films over repeated
cycles due to improved crystallinity and reduced defects, ensuring stable sensitivity and
selectivity. The potential use of LaCrOsthick films for the detection and monitoring of NO;
gas, as well as for the development of commercial gas sensors.
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