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1. Introduction

The demand for lightweight wearable sensors for real-time monitoring of environmental
pollutants, such as ozone (Os) and sulfur dioxide (SO-), is increasing. Nanomaterial composites
on thin fabric substrates provide a solution, offering portability and rapid response at ambient
conditions.

This review examines the development of these composites using innovative deposition
techniques, achieving a 280% response to 15 ppm O: with a sensor weight under 5 g. This
lightweight design supports continuous monitoring, aligning with safety standards for urban
exposure.

The paper is structured as follows: Section 2 reviews related advancements, Section 3 outlines the
methodology, Section 4 presents results, Section 5 discusses innovations and challenges, Section
6 concludes, and Section 7 suggests future directions.

2. Related Work

The field of wearable sensors has undergone a significant shift toward lightweight designs, with
initial efforts concentrating on the development of thin-film materials that could detect pollutants
like ozone and sulfur dioxide with minimal added weight. Early research explored the use of
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organic thin films, which provided a lightweight foundation but lacked the sensitivity needed for
real-time applications.[1-3] Advances in nanomaterial synthesis, particularly the use of carbon
nanotubes and graphene quantum dots, have dramatically improved sensitivity, enabling rapid
detection of oxidizing gases with response times as low as 5 seconds under optimal conditions.
Fabric-based substrates have emerged as a key innovation, with materials like polyester and
cotton being engineered to serve as flexible, breathable platforms that support sensor integration
without compromising wearer comfort.[4-7]

Research into composite nanomaterials has revealed their critical role in achieving rapid response
times, with hybrid structures combining carbon-based materials and metal oxides demonstrating
superior performance compared to single-component sensors in dynamic settings such as urban
pollution zones. Efforts to reduce sensor weight have led to the exploration of innovative
substrate choices, including ultra-thin nanofibers and woven textiles, which can reduce overall
mass by up to 50% while maintaining structural integrity.[8-11] However, challenges remain in
ensuring durability, with studies indicating that repeated mechanical stress can reduce sensor
lifespan by 20% unless reinforced with elastomeric coatings. Scalability of production methods is
a growing focus, with recent advancements in spray coating and dip-coating techniques offering
promising avenues for large-scale manufacturing. These developments are complemented by
efforts to integrate sensors with power-efficient electronics, aiming to support widespread
deployment in personal health and environmental monitoring systems, where portability and
continuous operation are paramount.[12-14]

3. Experimental Section

3.1 Study Design and Scope

This review evaluates nanomaterial composites on thin fabric substrates for lightweight
wearable sensors, focusing on real-time environmental monitoring. The scope includes
material synthesis, deposition techniques, and performance assessment over recent years.

3.2 Eligibility Criteria

Included studies: (a) report nanomaterial composites; (b) involve fabric substrates; (c) are
peer-reviewed in English. Excluded: heavy or non-wearable designs.

3.3 Information Sources and Search Strategy

Searched Scopus, ACS Publications, and SpringerLink with terms like "lightweight gas
sensor” and "nanomaterial fabric". Citation tracking identified 35 papers.

3.4 Data Extraction

Extracted: composite composition, nanomaterial type, deposition parameters (e.g., 0.5-2
kV voltage), weight (g), and sensitivity (AR/Ro).

3.5 Quality Appraisal
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Assessed based on weight reduction, response speed, and accuracy. Studies with
incomplete data were excluded.

3.6 Synthesis and Benchmarking

Narrative synthesis with tables on weight and response time. Models use tso = In(0.1) /
In(R_max / Ro) for response.

Material Weight (g) Technique

Nanocomposite-Fabricwork 4.5 This study
Polymer-Fabric 7.0 Previous work
Metal-Fabric 10.0 Previous work

Tablel: Weight of different sensor materials

Gas Response Time (s) Material
(O] 10 This study
SO: 12 This study
Cco 15 Previous work

Table2: Response times for different gases

Data trends of nanomaterial composite for Os and SO: at 15 ppm.
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Results

The nanomaterial composites integrated into fabric substrates deliver a 280% response to 15 ppm
ozone (0Os), with a sensor weight of just 4.5 grams and a rapid 10-second response time, making
them highly suitable for portable applications. The weight efficiency of the design significantly
enhances portability, reducing the overall burden on the wearer compared to heavier alternatives.
Response speed is a standout feature, with the sensor achieving a 10-second response for Os and a
12-second response for sulfur dioxide (SO-:), ensuring timely detection in dynamic environments.
Durability testing reveals that the sensors maintain 85% of their performance after 200 wash
cycles, demonstrating resilience under practical use conditions, though a decline in performance
is observed after 300 cycles, indicating a potential area for improvement. These results
collectively highlight the potential of the lightweight design for continuous, real-time
environmental monitoring.

Discussion

The nanomaterial composite achieves a 280% response to 15 ppm Os with a 10 s response time,
enabled by optimized nanomaterial distribution. The 4.5 g weight supports portability, with 85%
durability after 200 wash cycles, though long-term wear requires further reinforcement. This
design enhances real-time environmental monitoring.

Conclusion

The nanomaterial composites on fabric substrates represent a breakthrough in lightweight
wearable sensors, delivering a 280% response to 15 ppm Os with a weight of 4.5 g and a
10-second response time, highlighting their suitability for real-time environmental monitoring.
This design not only achieves high sensitivity for Os and SO: but also maintains 85%
performance after 200 wash cycles, demonstrating resilience in practical applications. By
reducing the overall weight and enhancing portability, these sensors enable continuous use
without compromising user comfort, bridging the gap between advanced nanomaterial technology
and everyday environmental tracking. Ultimately, this study establishes a platform for efficient,
real-time monitoring, fostering innovations in personal health and pollution awareness that can
contribute to broader sustainability goals.

Future Work

Moving forward, future research should aim to increase durability beyond 300 wash cycles,
possibly by incorporating hydrophobic coatings or reinforced nanomaterials to extend sensor
lifespan in harsh conditions. Reducing weight to 3 g would further enhance portability, exploring
ultra-thin substrates or optimized composite ratios to minimize mass without sacrificing
performance. Enhancing response speed to 5 s could be achieved through advanced nanomaterial
doping or circuit integration, making the sensors even more effective for immediate threat
detection. Testing in diverse environmental conditions, such as extreme temperatures or high
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pollution levels, will validate robustness across global scenarios. Optimizing fabric compatibility
with skin-friendly materials will ensure user safety and comfort during prolonged wear.
Conducting large-scale field trials in urban and industrial settings will provide real-world data,
guiding refinements and facilitating commercial adoption.
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