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Abstract - Flexible textile electronics play a vital role in
wearable technology as they are set to replace
conventional wires; they show limited resistance to the
mechanical stress experienced in body applications. The
electrical resistance level of these conductive threads is
crucial in determining their operational capabilities. This
study explores the development and evaluation of various
conductive threads by examining the materials and
fabrication methods highlighted in recent research to
identify the most suitable thread that balances electrical
performance, mechanical durability, and wearability,
thereby providing a strong foundation for advancing
smart clothing technologies in real-world applications.
The use of conductive thread can be included in smart
wearables to reduce electronic waste and promote the
growth of an eco-friendlier and sustainable technology
environment.
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1. INTRODUCTION

Wearable technology merges electrical capabilities into
traditional clothing and useful products through its fast
development. The devices target two main functions,
which include performance enhancement through data
capability and interaction improvement, combined with
instant information delivery. Smart Wearables are well-
suited for applications such as location tracking,
entertainment, health monitoring, fitness tracking, and
communication systems due to their ability to sense,
process, and wirelessly transmit biological data. The
continuous advancement of the wearables industry has
led to their transformation into essential devices because

consumers want portable and user-friendly technology
products.

Types of Conductive Materials:

Conductive materials are the foundation for embedding
circuitry into textiles in wearable electronics. These
materials must demonstrate good conductivity,
mechanical resilience, and compatibility with fabric
structures. The primary types used in wearable
applications include conductive inks, threads, and fabrics.

Conductive ink:

Liquid conductive ink is a formulation that incorporates
metallic components such as silver, copper, graphene, or
carbon. It is applied to documents using printing
techniques like aerosol spraying, inkjet printing, and
screen printing. After curing, thin and flexible conductors
are formed, creating conductive pathways suitable for
sensor applications, antennas, and printed circuits. This
material is ideal for thin, flexible electronics because it
can easily adhere to various surfaces

Conductive Thread:

The conductive thread comprises textile materials with
built-in conductivity properties or uses conductive
substances such as silver, stainless steel, and carbon to act
as electrodes. Weavers or embroiderers integrate these
conductive threads into fabric materials to achieve a
seamless incorporation of electronic features into
clothing designs. These materials maintain compatibility
with standard textile methods, enabling designers to
create wearable solutions that preserve original design
quality, ensure ease of wear, and allow freedom of
movement.

Conductive Cloth:

Conductive yarn fabrics, which receive conductive
coatings and conductive yarn-based materials, are
classified as conductive cloth or conductive fabric.
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These materials are widely used in applications such as
pressure sensing, electromagnetic shielding, and the
development of flexible circuit elements, due
effectiveness in flexible and large-area sensitive systems.

2.METHODOLOGY

The research selected conductive threads and materials
for evaluation based on their functional properties, along
with material structure and electronic wearable
functionality criteria. The small metal strands in metallic
threads make these threads suitable for many important
signal transfer applications because of their exceptional
conductivity. Silver-coated threads consist of polyester or
nylon core material wrapped in a thin silver film layer.
The flexible electrical performance of their design
structure fits them well for use within wearable textile
applications. The great conductivity and low resistance of
copper threads make them ideal components for wearable
electronics, where they are used frequently.Wearable
devices operating in challenging physical environments
gain protection from stainless steel threads because they
provide both durability and corrosion protection. Carbon
fiber threads allow for effective electric signal
transmission with durability and flexible strength
attributes to power electronic devices in demanding
conditions. The research included conductive fabric as a
material because of its wide textile surface integration
capabilities. Through this capability, the feature enables
sensor and circuit functionality enhancement by
expanding area coverage.

Table 1: Conductive Thread Varieties and Their
Properties

Thread type | Typical Properties of
Resistance conductive thread
Range (22/m)
Silver-Plated | Approximately High conductivity,
Thread 10-100 excellent flexibility
Stainless Around 20-50 .
Durable, resists
Steel Thread corrosion, and
offers moderate
resistance
Cr(?ppedr Roughly Excellent
Threa 0.05-0.5 conductivity, but

to

susceptible to
oxidation
Cargion Fiber About 100 Lightweight and
Thread out 100= | flaxible, but with
500 . .
higher resistance
Graphene- i
raphene Typically 10- Sl-JItab|e-f0I'
Coated 100 biosensing (e.g.,
Thread ECG, temperature
sensing)

FABRICATION TECHNOLOGY:

Fabrication method of Conductive ink:
Industrial screen printing offers a proven method for

manufacturing textile conductive patterns through mesh
screens that lead to uniform repetitive patterns of
conductive ink distribution. Inkjet printing produces
exact results because it directly transfers liquid
conductive inks with silver or graphene materials for
building delicate circuit lines needed to develop wearable
technology[6]. Operators using aerosol jet printing
systems have high precision capabilities to create small,
conductive pathways on both flat and 3-
dimensional structures.
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Figure 1: Fabrication Process of Conductive Ink

Fabrication method of Conductive Thread:
The manufacturing procedures for wearable electronics
need to achieve better conductivity alongside weaving
flexibility for conductive threads. Non-conductive fibers
receive conductive metal coatings through electroless
plating procedures that use silver and copper materials.
Wearable electronics benefit from metal wire twisting as
this process utilizes ultra-fine metallic wires usually
made from copper or stainless steel and binds them with

© 2025, IJSREM | www.ijsrem.com

DOI: 10.55041/IJ]SREM45630 |

Page 2



http://www.ijsrem.com/

T
7 &
¢ IJSREM 3
@«r 2 International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 09 Issue: 04 | April - 2025

SJIF Rating: 8.586 ISSN: 2582-3930

normal textile materials. The process of composite
blending achieves conductive elements by adding carbon
black or graphene directly during the fiber spinning
operation.

a Carbon Based Conductive Thread
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Figure 2: Fabrication process of conductive threads.

Fabrication Method of Conductive Cloth:

Integrating electronic capabilities into flexible fabrics for
wearable  systems  happens  through  different
manufacturing approaches, producing conductive fabrics.
Flexible conductive capabilities can be retained in textiles
by interweaving conductive silver or stainless steel
threads with conventional materials. Conductive fabric
creation requires applying conductive coatings through
coating methods like dipping or spraying, or brushing to
textiles with materials such as silver particles and carbon
compounds, and conductive polymers. Manufacturers use
heat and adhesive solutions when laminating and stacking
conductive films or meshes onto textiles.

Composite blending techniques for conductive
threads demonstrated the most suitable fabricating
method for wearable technology applications. Such a
fabrication process includes physical toughness along
with continuous electrical properties and works within
textile manufacturing methods without requiring
protective surface coating, which could deteriorate in the
future. This fabrication method guarantees durability
along with comfort and flexibility requirements that
wearable devices require

Parameters Applied in Conductive Threads:

e Electrical Conductivity: High electrical
conductivity is essential for wearable systems
since it enables dependable power distribution
and signaling transmission.

e Flexibility: The thread must remain comfortable
during use, but specifically needs to flex freely so
that integration into clothing becomes possible.

e Tensile Strength: Thread strength must be high
to prevent breaking during both movement and
washing procedures.

e Washability: The thread needs to operate
electrochemically after several washing cycles
for successful implementation in practical
applications.

e Surface Resistivity: The accuracy of signal flow,
as well as reliable sensor performance, relies on
maintaining low surface resistivity.

e Thermal Stability: The material needs thermal
stability to protect its functioning, along with
ensuring user safety when exposed to high
temperatures

3. APPLICATIONS

e Circuit integration allows electronic circuits to be
directly incorporated into clothing.

e Adding motion, temperature, and pressure
sensors to textiles is supported via sensor
embedding.

e Heart Monitoring provides power to ECG
sensors in wearable health monitoring devices.

e Data such as pulse rate, breathing patterns, and
movement are collected by smart textiles.

e Wearables like gloves or coats that conduct
electricity are known as heated clothing

4. CONCLUSION

The research demonstrates that conductive threads
hold considerable potential to become wearable electrical
devices. Various conductive threads, including copper
along with stainless steel, silver-plated threads, and
carbon fiber, serve as appropriate materials for wearable
technology because they exhibit distinctive electrical
conductivity  properties combined with  specific
mechanical characteristics. The study analyzed both
fundamental features of flexibility and electrical
resistance and production methods. Research showed that
fabricating processes for conductive threads determine
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their effectiveness within wearable applications. All
electrical and mechanical functions depend on parameters
that include insulation, along with weaving or embroidery
methods and thread material selection. The applications
of conductive threads surpass traditional wires in terms of
conductivity and electrical resistance. The essential
requirement for wearable applications is the flexibility
these conductive threads provide. The research provides
critical knowledge about selecting optimal conductive
threads and production methods for intelligent wearable
technology development. The Present study supports the
development of future wearable electronics by
identifying effective combinations of materials and
fabrication techniques.

Table 2: Standardized comparison of conductive thread
and its characteristics.

Thread Type Fabrication Conductivity | Electrical Flexibility Durability
Methods Resistance
Electroplated or
] coated with silver- ]
Silver-Coated based ink High Low High Moderate
Nylon/Polyester
Mechanically
) spun; integrated ) )
Stainless  steel into fabrics. Moderate Medium  to | Moderate High
conductive thread High
Copper is
c Coated Y deposited via Verv Hidh Verv L L
opper-Coated Yarn ; ery Hi ery Low ow to
PP electroplating  or MARLY y Moderate and | ypoo
vapor techniques. high
Embedded  with
carbon particles or ) )
Carbon-Infused Thread printed with ink Moderate High High
Moderate
Spray-coated with
graphene ] ]
Graphene-Coated Thread | < tions Very High Low to | High Moderate  to
Moderate high
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