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Abstract: This work examines the synthesis and performance optimization of nanocomposites for gas sensing applications, with 

particular attention to the influence of calcination temperature on structural, electrical, and sensing behavior. It discusses major synthesis 

routes, including sol-gel, hydrothermal, and co-precipitation methods, and highlights how controlled calcination shapes crystallinity, 

particle size, conductivity, surface activity, and gas adsorption characteristics. The discussion connects these material properties to sensor 

sensitivity, selectivity, and long-term stability in detecting hazardous gases. Optimization strategies involving doping, morphology control, 

and molecular modelling are also considered for improving sensor design and reducing practical limitations. Beyond gas sensing, the 

study reflects on wider applications of calcined nanocomposites in environmental monitoring, energy storage, photocatalysis, biomedical 

systems, and wearable technologies. Current challenges related to durability, multifunctionality, and scalable integration are addressed 

alongside emerging opportunities for innovation. The analysis underscores that careful tuning of synthesis conditions and thermal 

treatment remains central to advancing high-performance nanocomposite sensors for industrial, environmental, and healthcare 

applications. 
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1. Introduction 
 

Nanocomposites have emerged as a class of advanced 

materials with superior properties compared to their bulk 

counterparts. These materials, composed of two or more 

distinct phases, exhibit remarkable mechanical, electrical, 

thermal, and sensing characteristics, making them valuable 

for various applications, particularly in gas sensing 

technologies. The synthesis and optimization of 

nanocomposites are critical to tailoring their properties for 

specific industrial applications. One of the pivotal factors 

influencing the performance of nanocomposites is the 

calcination temperature. Calcination, a thermal treatment 

process, is employed to drive off volatile substances and 

modify the material's structure and surface characteristics. 

This chapter explores the synthesis of nanocomposites using 

various methods, investigates the impact of calcination 

temperature on their structural and electrical properties, and 

evaluates their application as gas sensors. 

 

1) Synthesis of Nanocomposites 

Nanocomposites can be synthesized using several methods, 

including sol-gel, hydrothermal, and co-precipitation 

techniques, each of which offers unique advantages. The sol-

gel method, for instance, allows for precise control over the 

morphology and homogeneity of the nanocomposites. "In the 

sol-gel process, metal precursors undergo hydrolysis and 

condensation reactions to form a gel-like network, which 

upon drying, forms the desired nanocomposite" (Azeem et al., 

2020). The choice of the synthesis method is crucial for 

determining the final properties of the nanocomposites. Other 

techniques, such as the hydrothermal method, provide a 

means to synthesize nanomaterials under controlled pressure 

and temperature conditions, resulting in crystalline structures 

with well-defined morphologies. The co-precipitation method 

is often employed to achieve a homogeneous distribution of 

nanoparticles within the matrix material. 

 

2) Calcination Temperature and Structural Properties 

Calcination temperature plays a significant role in dictating 

the crystallinity, particle size, and surface area of 

nanocomposites. At low calcination temperatures, the 

materials may exhibit amorphous structures with poorly 

defined crystal lattices. As the temperature increases, the 

materials undergo phase transitions, resulting in improved 

crystallinity. "Higher calcination temperatures often lead to 

the formation of more ordered structures, enhancing the 

material's surface properties, which are critical for gas 

adsorption and sensor performance" (Kumar et al., 2019). 

Studies have shown that calcination temperatures in the range 

of 400-600°C are ideal for producing nanocomposites with 

optimal structural characteristics. For example, in metal oxide 

nanocomposites, the increase in temperature leads to grain 

growth, enhancing the material's sensitivity to gas molecules. 

However, excessively high calcination temperatures can lead 

to the agglomeration of nanoparticles, reducing the surface 

area and negatively impacting gas sensing performance. 

 

3) Electrical Properties and Calcination Temperature 

The electrical conductivity of nanocomposites is another 

crucial parameter that is influenced by calcination 

temperature. Nanocomposites synthesized at low 

temperatures may exhibit low electrical conductivity due to 

Paper ID: SR26428143228 DOI: https://dx.doi.org/10.21275/SR26428143228 1798 

http://www.ijsr.net/
mailto:grnagargoje55@gmail.com


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2025: 7.089 

Volume 15 Issue 4, April 2026 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

incomplete phase formation and the presence of residual 

organic compounds. As calcination temperature increases, the 

removal of organic residues and the formation of more 

crystalline phases enhance the material's conductivity. For 

gas sensing applications, high electrical conductivity is 

essential for detecting changes in resistance when exposed to 

gas molecules. "Optimizing the calcination temperature 

ensures that the nanocomposite has the required conductivity 

to function effectively as a gas sensor" (Zhou et al., 2021). In 

metal oxide-based nanocomposites, calcination temperatures 

between 500-700°C have been found to yield materials with 

high conductivity and excellent gas sensing response. 

 

4) Gas Sensing Properties of Nanocomposites 

Nanocomposites have demonstrated significant potential as 

gas sensors due to their high surface area, sensitivity, and 

selectivity. The interaction between gas molecules and the 

surface of nanocomposites leads to measurable changes in 

electrical resistance, making them ideal for detecting various 

gases, including carbon monoxide (CO), nitrogen dioxide 

(NO₂), and volatile organic compounds (VOCs). The gas 

sensing performance of nanocomposites is highly dependent 

on their structural and electrical properties, both of which are 

influenced by the calcination temperature. "Nanocomposites 

calcined at optimal temperatures exhibit enhanced gas 

adsorption properties due to their porous structure and high 

surface area, leading to improved sensor sensitivity" (Wang 

et al., 2020). Furthermore, the presence of defects and oxygen 

vacancies in metal oxide nanocomposites, which can be 

controlled by adjusting the calcination temperature, plays a 

vital role in gas sensing mechanisms. 

 

5) Application of Nanocomposites in Gas Sensors 

Nanocomposites have been widely used in the development 

of gas sensors for environmental monitoring, industrial 

safety, and medical diagnostics. Their ability to detect trace 

amounts of toxic and hazardous gases makes them 

indispensable in applications where real-time gas monitoring 

is critical. For instance, nanocomposites based on zinc oxide 

(ZnO) and tin oxide (SnO₂) have been employed in the 

detection of NO₂ and VOCs with high sensitivity and 

selectivity. The application of nanocomposites in gas sensing 

is not limited to metal oxides. Polymer-based 

nanocomposites, carbon nanotubes, and graphene-based 

nanocomposites have also shown promising results in gas 

detection. The ability to fine-tune the properties of these 

materials through calcination and other post-synthesis 

treatments makes them highly versatile for various sensing 

applications. 

 

The synthesis of nanocomposites and the optimization of their 

properties through calcination are critical to their success in 

gas sensing applications. Calcination temperature 

significantly affects the structural and electrical properties of 

nanocomposites, which in turn influences their gas sensing 

performance. By carefully controlling the calcination process, 

it is possible to produce nanocomposites with enhanced 

sensitivity, selectivity, and stability, making them ideal 

candidates for gas sensing technologies. Future research 

should focus on exploring novel nanocomposite materials and 

optimizing their synthesis and calcination conditions to 

further improve their performance in practical applications. 

 

6) Optimization Strategies for Nanocomposite Gas 

Sensors 

While calcination temperature plays a key role in determining 

the performance of nanocomposites as gas sensors, other 

factors such as the composition of the nanocomposite, particle 

size, and doping elements also contribute significantly to 

sensor optimization. One important strategy is doping 

nanocomposites with noble metals such as palladium (Pd), 

platinum (Pt), or gold (Au). "Doping can enhance the gas 

sensing properties by promoting electron transfer processes 

and increasing the number of active sites for gas adsorption" 

(Liu et al., 2021). For example, doping zinc oxide 

nanocomposites with Pd has been shown to significantly 

enhance the sensitivity toward CO gas, due to the increased 

interaction between Pd and oxygen species on the 

nanocomposite surface. In addition to doping, adjusting the 

particle size and morphology of the nanocomposites is 

another effective optimization approach. Smaller particles, 

particularly in the nanoscale range, provide a higher surface 

area-to-volume ratio, increasing the number of active sites for 

gas interaction. Nanostructures such as nanorods, nanofibers, 

and nanosheets are known to improve gas sensing 

performance by facilitating gas diffusion and improving 

sensor response time. 

 

7) Role of Molecular Modelling in Gas Sensor Design 

The development of high-performance gas sensors based on 

nanocomposites can also benefit from computational 

modelling techniques such as molecular docking and 

molecular dynamics simulations. These methods allow 

researchers to simulate and predict how gas molecules 

interact with the surface of nanocomposites at the atomic 

level. By using computational approaches, scientists can 

identify potential binding sites, evaluate gas adsorption 

energy, and predict the selectivity of the sensor toward 

different gases. 

 

"Molecular docking studies have been widely used to 

understand the interaction mechanisms between 

nanocomposites and gas molecules, guiding the design of 

sensors with improved selectivity" (Goyal et al., 2022). For 

example, docking simulations of metal oxide nanocomposites 

with NO₂ gas can reveal preferred adsorption sites on the 

sensor surface and provide insights into how modifying the 

nanocomposite’s surface could enhance its selectivity for 

specific gases. Such insights are invaluable for optimizing gas 

sensor performance and reducing false positive readings in 

real-world applications. 

 

2. Challenges and Future Directions 
 

Despite the promising potential of nanocomposites in gas 

sensing applications, several challenges remain. One of the 

major issues is sensor stability over prolonged periods of use, 

particularly under harsh environmental conditions. 

Nanocomposites may undergo structural degradation or lose 

sensitivity due to the accumulation of gas molecules on their 

surfaces, leading to sensor fouling. To address these 

challenges, further research is needed to develop self-cleaning 

nanocomposites or sensors with regenerative properties. 

Another area of future research is the development of multi-

functional gas sensors capable of detecting multiple gases 

simultaneously. "By incorporating different types of 
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nanocomposites within a single sensor platform, it may be 

possible to create multi-gas sensors with enhanced 

performance" (Singh et al., 2021). Such sensors would be 

highly valuable in industrial safety applications where 

detecting multiple hazardous gases is critical. 

 

Furthermore, integrating nanocomposite-based gas sensors 

into portable and wearable devices is an exciting frontier. 

Advances in flexible electronics and miniaturization 

techniques have opened up new possibilities for incorporating 

gas sensors into everyday devices for real-time air quality 

monitoring and health diagnostics. The synthesis and 

investigation of nanocomposites, particularly in relation to 

their calcination temperature, represent a vital area of 

research for the development of high-performance gas 

sensors. By carefully optimizing calcination temperature and 

other factors such as doping, particle size, and morphology, it 

is possible to significantly enhance the structural, electrical, 

and gas sensing properties of these materials. The integration 

of computational modelling techniques further aids in 

refining sensor design, offering a predictive approach to 

sensor optimization. overcoming the challenges related to 

sensor stability, multi-gas detection, and integration into 

portable systems will be key to unlocking the full potential of 

nanocomposites in real-world applications. With continued 

research, nanocomposite gas sensors are poised to play an 

increasingly important role in environmental monitoring, 

industrial safety, and health diagnostics, addressing some of 

the most pressing challenges in modern society. 

 

1) Advances in Sensor Technologies and Their Impact 

The advancements in nanotechnology, especially in the field 

of nanocomposite materials, have revolutionized sensor 

technologies. Traditional gas sensors, while useful, often face 

limitations such as poor sensitivity, sluggish response times, 

and limited selectivity. Nanocomposite-based sensors 

overcome these drawbacks through their enhanced surface 

properties, larger surface areas, and the ability to customize 

their composition for specific applications. For instance, 

carbon-based nanocomposites like graphene and carbon 

nanotubes have been increasingly integrated into sensor 

technology for their superior electrical conductivity and high 

surface area, which drastically improves gas sensing 

capabilities. Another promising development is the use of 

hybrid nanocomposites. These materials combine different 

types of nanomaterials, such as metal oxides with carbon 

nanotubes, to create multi-functional sensors that leverage the 

properties of each component. "Hybrid nanocomposites offer 

the potential for enhanced sensitivity, faster response times, 

and the ability to detect multiple gases in complex 

environments" (Lee et al., 2021). This hybridization allows 

the sensor to harness the best qualities of different 

nanomaterials, such as the gas adsorption efficiency of metal 

oxides and the conductivity of carbon-based materials. 

 

2) Emerging Applications of Nanocomposite Gas Sensors 

The versatility and adaptability of nanocomposite gas sensors 

have opened the door to a wide range of applications beyond 

traditional gas detection in industrial and environmental 

settings. Some emerging areas where these sensors are 

making significant impacts include: 

 

 

3) Medical Diagnostics 

Nanocomposite gas sensors are now being explored for non-

invasive medical diagnostics. By detecting specific volatile 

organic compounds (VOCs) in human breath, these sensors 

can be used to diagnose diseases such as diabetes, lung 

cancer, and bacterial infections. "For example, 

nanocomposite sensors have demonstrated the ability to 

detect elevated levels of acetone in the breath, which is a 

biomarker for diabetes" (Yang et al., 2020). This technology 

could revolutionize early disease detection, making 

diagnostics faster, cheaper, and more accessible. 

 

4) Wearable Technology 

With the increasing demand for wearable health and 

environmental monitoring devices, the integration of 

nanocomposite gas sensors into flexible electronics is gaining 

momentum. These sensors can be embedded into textiles or 

skin patches to monitor air quality or detect harmful gases in 

real time. The lightweight and flexible nature of 

nanocomposites make them ideal for wearable applications, 

where durability and sensitivity are essential. Future 

developments in this field could lead to personal air quality 

monitors that continuously detect pollutants or hazardous 

gases in a user’s surroundings. 

 

5) Automotive Industry 

The automotive industry is another area where 

nanocomposite gas sensors are playing a crucial role. As 

vehicles become more reliant on clean energy sources and 

emission control technologies, the need for precise and 

efficient gas sensors has grown. Nanocomposite sensors are 

being used to monitor exhaust emissions, detect fuel leaks, 

and even optimize the air quality within the vehicle’s cabin. 

The superior sensitivity and stability of these sensors make 

them an excellent choice for monitoring a wide range of 

gases, including carbon monoxide, nitrogen oxides, and 

unburned hydrocarbons. 

 

6) Agricultural Monitoring 

In agriculture, nanocomposite-based sensors are being 

developed to monitor gases such as ammonia and methane, 

which are produced during livestock farming and crop 

production. Monitoring these gases in real time helps in 

optimizing ventilation systems in barns or greenhouses, 

ensuring a healthy environment for both animals and plants. 

Additionally, the use of these sensors in soil and crop 

monitoring can help detect early signs of plant stress or soil 

contamination, enabling more efficient farming practices. 

 

3. Applications of Calcined Nanocomposites in 

Emerging Fields 
 

3.1 Environmental Monitoring 

 

One of the most prominent applications of calcined 

nanocomposites is in environmental monitoring, specifically 

in gas sensing technologies. Calcination helps fine-tune the 

properties of nanocomposites to detect gases like CO, NO₂, 

NH₃, and volatile organic compounds (VOCs) with high 

sensitivity and selectivity. With the increasing demand for air 

quality monitoring and pollution control, nanocomposite-

based gas sensors are being deployed in smart cities and 

industrial facilities to track and mitigate the emission of 
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harmful gases. Calcined metal oxide nanocomposites, such as 

SnO₂, ZnO, and Fe₂O₃, have demonstrated impressive 

performance in detecting even trace amounts of gases under 

varying environmental conditions. 

 

3.2 Energy Storage and Conversion 

 

Calcined nanocomposites are increasingly used in energy 

storage devices, such as supercapacitors and batteries, due to 

their enhanced electrical properties. In lithium-ion batteries, 

for instance, calcined metal oxide nanocomposites like Fe₃O₄ 

and MnO₂ have been shown to exhibit superior 

electrochemical performance, including higher energy 

densities and longer cycle lives. Similarly, in supercapacitors, 

calcination improves the electrical conductivity and 

capacitance retention of nanocomposites, making them 

suitable for high-performance energy storage applications. 

 

3.3 Photocatalysis and Solar Cells 

 

Another critical application of calcined nanocomposites is in 

photocatalysis, particularly for solar energy conversion and 

environmental remediation. Metal oxide nanocomposites like 

TiO₂-SnO₂, when calcined at optimal temperatures, exhibit 

enhanced photocatalytic activity for degrading organic 

pollutants or converting solar energy into chemical energy. 

These materials are also being explored for next-generation 

photovoltaic cells, where calcination helps improve the light 

absorption and charge separation efficiency, leading to higher 

power conversion efficiencies in solar cells. 

 

3.4 Biomedical Applications 

 

Nanocomposites have gained attention in the biomedical field 

for applications such as drug delivery, biosensors, and tissue 

engineering. Calcination plays a role in tailoring the porosity, 

particle size, and surface chemistry of nanocomposites to 

make them suitable for biomedical use. For example, calcium 

phosphate-based nanocomposites calcined at moderate 

temperatures have been used to develop bone scaffolds with 

enhanced mechanical strength and biocompatibility. 

Additionally, calcined metal oxide nanocomposites have been 

employed in biosensors for detecting glucose and other 

biomolecules with high sensitivity and accuracy. 

 

4. Optimizing Calcination for Future 

Innovations 
 

The synthesis and investigation of the effect of calcination 

temperature on the structural, electrical, and gas sensing 

properties of nanocomposites is a critical area of research that 

holds immense potential for technological advancements. The 

ability to control and optimize calcination conditions allows 

for the precise tuning of nanocomposite properties, making 

them suitable for a wide range of applications in electronics, 

energy, catalysis, environmental sensing, and biomedicine. 

While challenges such as energy consumption and 

reproducibility persist, ongoing research into alternative 

calcination methods and advanced thermal processing 

techniques promises to overcome these barriers. Emerging 

approaches like flash calcination and solvothermal synthesis 

offer new possibilities for producing nanocomposites with 

enhanced performance while minimizing energy use and 

material degradation. As nanocomposite technology 

continues to evolve, understanding the intricate relationship 

between calcination temperature and material properties will 

remain essential. This knowledge will enable researchers to 

push the boundaries of what is possible with nanomaterials, 

unlocking new applications and driving innovation in fields 

ranging from clean energy to healthcare. 

 

5. Future Prospects 
 

The future of nanocomposite-based gas sensors is 

undoubtedly bright, with ongoing advancements in material 

science and sensor technology driving continued innovation. 

As research efforts focus on refining synthesis techniques, 

optimizing calcination processes, and exploring new 

nanomaterials, the performance of these sensors will only 

improve. 

 

In conclusion, the synthesis and optimization of 

nanocomposite materials, particularly through the careful 

control of calcination temperature, represent a promising 

avenue for the development of high-performance gas sensors. 

The versatility of nanocomposites, combined with their 

exceptional sensitivity and tunable properties, has enabled 

their application in a wide range of fields, from medical 

diagnostics to environmental monitoring. With ongoing 

advancements in material science, computational modelling, 

and sensor design, nanocomposite gas sensors are set to 

become a cornerstone technology in addressing some of the 

most pressing challenges of the modern world. As the field 

continues to grow, it will be essential to balance technological 

innovation with environmental sustainability and ethical 

considerations. Future research should focus on making 

nanocomposite gas sensors more affordable, accessible, and 

eco-friendly while exploring new applications that push the 

boundaries of what these remarkable materials can achieve. 
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