Journal of Ceramic Processing Research. Vol. 25, No. 2, pp. 251~253 (2024) T o6 U R N A L O F

(Received 31 December 2023, Received in revised form 15 January 2024, Accepted 16 January 2024) c o

hitps //doi.org/10.36410/jcpr2024.25.2.251 eramic
Processing Research

Graphene-infused fabric gloves redefining thermal comfort and flexibility for
athletes
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This research investigates the impact of graphene incorporation into fabric gloves on thermal conductivity, flexibility,
durability, and washability. Systematic experiments were conducted, measuring the baseline thermal conductivity of untreated
fabric gloves and subsequently testing graphene-infused gloves under controlled conditions. The results demonstrated a
substantial increase in thermal conductivity, indicating effective graphene dispersion and integration within the fabric matrix.
Comparative analysis revealed a noticeable improvement, with a percentage increase in thermal conductivity. The enhanced
thermal conductivity of graphene-infused fabric gloves contributes to improved temperature regulation capabilities. Athletes
facing challenges ranging from intense heat during rigorous activities to cold environments during winter sports benefit
from efficient heat dissipation, preventing overheating and maintaining a comfortable microclimate. In colder conditions, the
enhanced thermal conductivity creates a thermal barrier, preserving body heat. This dual functionality provides an adaptable
and responsive thermal management system within the fabric gloves, optimizing athlete comfort in diverse environmental
conditions.
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Introduction numerous sports, represent an ideal focal point for this
exploration, as they serve as a crucial interface between
In the ever-evolving field of sports science and the athlete and their equipment while directly impacting
performance optimization, the integration of cutting- hand dexterity and overall comfort.
edge materials into athletic gear has become a pivotal Ceramic particles, renowned for their thermal
focus for researchers, designers, and manufacturers insulating properties, and carbon-based materials,
alike. The quest to enhance functionality and efficacy of celebrated for their lightweight and robust nature, have
sporting equipment is ceaseless, and within this pursuit, individually shown promise in enhancing athletic gear.
the amalgamation of ceramic particles (Glassy polymer However, the inclusion of graphene, a two-dimensional
nanocomposites - PNCs) [1], carbon-based materials nanomaterial composed of carbon atoms arranged in a
(Single-walled carbon nanotubes —SWCNTs, multiwall hexagonal lattice, introduces a unique dimension to this
carbon nanotubes - MWOCNTs) [2], and, notably, exploration. Graphene exhibits extraordinary thermal
graphene into fabric gloves has emerged as a promising conductivity, mechanical strength, and flexibility,
frontier. This research endeavors to delve deep into the making it an intriguing candidate for elevating the
synergies of these advanced materials, exploring their thermal management capabilities of fabric gloves to
incorporation into fabric gloves with the overarching unprecedented levels [7-10]. Most researches have so
goal of revolutionizing thermal management for sports far delved into the unique properties of ceramic particles
enthusiasts. and carbon-based materials, assessing their potential to
As the demand for high-performance sports gear improve insulation, moisture-wicking capabilities, and
continues to escalate, the significance of temperature overall thermal comfort in sports gloves. However,
regulation during physical activity cannot be overstated. Graphene with its exceptional thermal conductivity
Athletes consistently push their physical limits in varied and mechanical strength, emerges as a promising
environmental conditions, ranging from scorching heat candidate for enhancing the performance of sports
to freezing cold, necessitating gear that not only provides gloves in various sporting activities [10-14]. Previously
protection but actively contributes to optimizing their various studies by employing a multi-faceted approach,
performance [3-6]. Fabric gloves, ubiquitous across combined materials science, thermal engineering, and
textile technology to design and fabricate innovative
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of elongated chain-like pure carbon molecules [15].
Due to its exceptional electrical conductivity, it exhibits
potential as a supercapacitor. The combination treatment
of PVA (polyvinyl alcohol)/H3PO4 polymers enables
the successful fabrication of supercapacitors, with CFs
having a diameter of 0.25 mm forming supercapacitors
with a diameter of 1-2 mm. PANI (polyaniline),
known for its advantageous properties in supercapacitor
applications such as high conductivity, elevated electro
activity, and substantial specific capacitance has been a
focus of extensive research due to its stability. In the
realm of electrochemical studies, Zhang et al. developed
a nanocomposite by suspending aniline and graphene
in an acidic solution, leading to in situ polymerization
and the formation of nanocomposites from these two
materials, specifically PANI and graphene oxide (CO)
[16].

Moreover, recent works were focused towards the
integration a variety of ceramic particles or carbon-
based materials and these materials were systematically
analyzed through experimental studies, with a particular
importance to thermal conductivity, breathability, and
flexibility. Thermal regulation, a critical factor in the
comfort and overall performance of athletes, takes
center stage in this study. The ability of fabric gloves
to effectively manage temperature can influence an
athlete’s endurance, precision, and recovery, thereby
impacting the outcome of competitive endeavors.
Understanding the unique thermal properties of ceramic
particles, carbon-based materials [17], and graphene
and hamessing their synergies within fabric gloves
represent an innovative approach to addressing this
critical aspect of athletic gear. The multidisciplinary
nature of this research becomes evident as we weave
together principles from materials science, thermal
engineering, and textile technology. Through systematic
experimental studies, our investigation aims to analyze
the thermal conductivity, and flexibility of fabric gloves
infused with graphene. Additionally, the durability and
washability of these materials in the context of real-
world sports scenarios will be rigorously examined to
ensure practicality and longevity.

Results and Discussion

The incorporation of graphene into fabric gloves yielded
substantial enhancements in thermal conductivity, as
evidenced by a series of systematic experiments. Initial
measurements revealed a baseline thermal conductivity
value for the untreated fabric gloves. Subsequently,
graphene-infused fabric gloves underwent thermal
conductivity testing under controlled conditions.

The results demonstrated a significant increase in
thermal conductivity, showcasing the effective dispersion
and integration of graphene within the fabric matrix. The
precise arrangement of graphene sheets, known for their
exceptional thermal conductivity properties, facilitated
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Fig. 1. Effect of graphene on thermal conductivity enhancement.

efficient heat transfer through the gloves. Comparative
analysis with control samples highlighted a noticeable
improvement, with a percentage increase in thermal
conductivity (Fig. 1).

The improved thermal conductivity of the graphene-
infused fabric gloves translates into enhanced temperature
regulation capabilities. In real-world scenarios, athletes
often face challenges ranging from intense heat during
rigorous activities to cold environments during winter
sports. The augmented thermal conductivity ensures
more efficient dissipation of excess heat generated
during physical exertion, thereby preventing overheating
and maintaining a comfortable microclimate within the
gloves. Conversely, in colder conditions, the enhanced
thermal conductivity aids in preserving body heat,
creating a thermal barrier against external cold. This
dual functionality contributes to an adaptable and
responsive thermal management system within the fabric
gloves, catering to diverse environmental conditions and
optimizing athlete comfort.
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Fig. 2. Effect of graphene on Flexibility.
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One concern in incorporating graphene into fabric is the
potential impact on flexibility, a crucial factor in sports
gloves. However, the results by wearing the gloves and
performing simple physical movements in hand revealed
that the graphene-infused fabric maintained or even
improved flexibility compared to untreated fabric. This
can be attributed to the unique two-dimensional structure
of graphene, allowing it to integrate seamlessly with the
fabric without compromising its inherent flexibility. The
improved flexibility, coupled with enhanced thermal
conductivity, ensures that athletes can maintain dexterity
and precision in their hand movements, a critical aspect
in various sports. The graphene-infused fabric gloves
provide a balance between thermal performance and
the comfort required for unhindered athletic performance
(Fig. 2).

Assessment of the graphene-infused fabric gloves
durability and washability indicated promising outcomes.
Despite the addition of graphene, the gloves exhibited
robustness comparable to traditional fabric gloves. The
graphene particles, well-integrated into the fabric matrix,
demonstrated resistance to wear and tear, ensuring
a prolonged lifespan for the enhanced sports gear.
Furthermore, the fabric gloves maintained their thermal
conductivity and flexibility after multiple washing
cycles. This underscores the practicality and longevity
of the graphene-infused fabric gloves in real-world
usage scenarios, where frequent washing is essential for
hygiene and upkeep.

Conclusion

The results and discussions presented herein showcase
the successful enhancement of thermal conductivity in
fabric gloves through the infusion of graphene. The
dual benefits of improved temperature regulation and
maintained flexibility make graphene-infused fabric
gloves a promising innovation in athletic wear. The
positive outcomes in durability and washability further
underscore the feasibility of incorporating graphene
into sports gear for long-term, high-performance use.

These findings open avenues for continued research and
development in graphene-enhanced textiles, offering a
glimpse into the future of sports gear that seamlessly
combines thermal management, flexibility, and durability.
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