Name of the fiber

Select application:

Copper Nanoparticles
Networks/Nylon 6

Nanoparticles nonferrous for flexible
semiconductors

Cotton (laser treated; copper plated)

Flexible sensors/actuators

plasma-treated clothing

Smart flexible sensors/actuators noninvasive wearable

Shape memory alloy.

Flexible sensors/actuators

Materials
Copper Nanoparticles Networks/Nylon 6 Woven
Fabric (CNNs/NWF) based on PA/APTES hybrid
coating

Products developed
Wearable heater; anti-bacterial, breathable,
flame resistant

Technologies
Equipment
Sol-gel; Catalytic surface
Standard wet chemistry
activation; Electroless
equipment
deposition

Developing methods

Risks

Dissipate properties

Conductive properties

Chemical safety

Standard wet chemistry methods

Copper nanoparticles are a
moderately toxic material

High heat dissipation,
thermal conductor

Electron conductor

Oxidation resistant

Title of the reference
A novel breathable flexible metallized fabric for
wearable heating device with flame-retardant and
antibacterial properties

Laser treatment of
cotton fabric; electroless
copper deposition

Adjustable CO2 Laser
source; Standard wet
chemistry equipment

Modification of cotton fabric, laser treatment, wet
chemistry

Copper remains exposed to
sweat and produces water
soluble oxidations products

-

Electron Conductor

Copper ions: NFPA 704 Health Level
2: Intense or continued but not
chronic exposure could cause
temporary incapacitation or possible
residual injury

Conductive cotton fabric using laser pre-treatment
and electroless plating

Hydrophobic coatings are a very important
Plasma treatment of
use for plasma treatment of textiles as it has
textiles is a growing
Plasma treatment of textiles is now used in an
benefits for medical purposes. The fabric that
function of plasma
emerging faction of the textile industry. This
lab coats, gloves, and surgical smocks are
technology. Using
refers to the production of smart textiles. Smart
made of could undergo plasma treatment for Thierry’s low-pressure
textiles are fabrics that have technological
textiles to make them hydrophobic.
systems, plasma
components such as microcontrollers, sensors,
Hydrophobic fabrics have the benefit of not
treatment of textiles is
actuators, and even computers embedded into
them. Plasma treatment of textiles is used in this being able to absorb water. This makes them used to pre-treat fibers
resistant to dirt and bacteria. When trying to
to increase wettability
industry as part of the production of integrated
create a sterile setting such as in an
which allows for solvent
circuits and it is also used to make these
operating room, this is a much desired
free dyes to absorb and
components hydrophobic.
characteristic.
bond very strongly

Plasma treatment of
textiles is used to pretreat fibers to increase
wettability which allows
for solvent free dyes to
absorb and bond very
strongly.

plasma treatment of textiles is used to coat fabric
with a specialized layer with varying
characteristics.

N/A

It has proven to be
successful in shrinkresist treatment of wool
with a simultaneously
positive effect on the
dyeing and printing

temperature safety

..

Plasma-based treatments of textiles for water
repellency

-

Modelling in MATLAB/Simulink.

-

Electroconductive

Safe

Laser-treated conductive cotton fabrics by means
of copper metallization techniques

Health monitoring; smart sensory; wearable
electronics; actuator systems

Shape memory alloy

Mmedical rehabilitation exoskeleton for the
elbow with one degree of freedom for flexionextension.

Development of SMAbased actuator,

Nonlinear behaviour in
heating/cooling
processes.
Impermeable to air,
externally collocated,
cylindrical shape.

New Design of a Soft Robotics Wearable Elbow
Exoskeleton Based on Shape Memory Alloy Wire
Actuators
Presentation of textile pneumatic muscle prototypes
applied in an upper limb active suit experimental
model
Electrical Characterization of Conductive Threads
for Textile Electronics
The electromagnetic shielding properties of some
conductive knitted fabrics produced on single or
double needle bed of a flat knitting machine
A calculating method for the electromagnetic
shielding effectiveness of metal fiber blended fabric

Kevlar and Twaron aramid yarns

Flexible sensors/actuators

Twist braided cords

prototype of textile pneumatic muscles

Braiding

-

-

-

Electroconductive.

Safe.

Silver coated polyamide

Smart flexible sensors/actuators noninvasive wearable

Silver coated polyamide

wearable electronics

Silver-Tech by
Shieldex®

Spinning

3D using Autocad by Autodesk,

-

Conductivity

conductive threads

Possible toxicity

copper (Cu) and stainless steel (SS)
yarns

Textiles for electromagnetic shielding

Knitted fabric

Fabric for electromagnetic shielding

Knitting

electronic flat bed
knitting machine

Knitting from electroconductive yarns

-

Low resistance,
electromagnetic
shielding, flexibility

Electroconductive

Safe

Metal fibres

Textiles for electromagnetic shielding

woven fabric containing metal fiber yarns

woven fabric for electromagnetic shielding

Weaving

Weaving loom

grid model, theoretical calculation

-

shielding effectiveness

Electroconductive

Safe

-

Smart flexible sensors/actuators invasive
wearable

heat-sensitive thermoplastic polyurethane

printed pressure sensors

3D printing

3D printer

pressure sensors incorporation into the fabric

-

-

-

Textiles feel the pressure

electrospun poly(vinylidene fluoride)
(PVDF) nanofiber

Nanoparticles nonferrous for flexible
semiconductors

rGO- and rGOPANI-doped PVDF nanofiber mats
and rGO, PANI and rGOPANI-spray-coated
PVDF nanofiber mats

electrospun poly(vinylidene fluoride) (PVDF)
nanofiber-based piezoelectric
nanogenerators

Electrospinning

Electrospinning

Doping of nanofibres.

Conductive

reduced graphene oxide (rGO)

Poly(vinylidene fluoride) nanofiber-based
piezoelectric nanogenerators using reduced
graphene oxide/polyaniline

Conductive

-

Conductive

-

-

-

Smart flexible sensors/actuators noninvasive wearable

Bio-based piezoelectric materials

flexible piezoelectric nanogenerators

Flexible composites

-

-

-

Nanofibres

Smart flexible sensors/actuators noninvasive wearable

piezoelectric-enhanced triboelectric
nanogenerator

skin-conformal wearable tactile sensor

Spin-coating

-

-

N/A

Hydrophobic cotton and embroidered
conductive silver yarn

Smart flexible sensors/actuators noninvasive wearable

graphene-based nanocomposite

Smart-textile biosensor for lactate analysis
from sweat

embroidering and
coating

-

-

-

-

Textiles for electromagnetic shielding

Aluminium

Conductive textile coated with aluminium

CNTs fibers

Flexible sensors/actuators

Textile coated with CNTs.

Antennas, electromagnetic shields.

RESi

Smart flexible sensors/actuators noninvasive wearable

RESi yarns

RESI yarn is used to develop wearable
sensors.

Direct printing, Spraying,
Lamination, Sputter
Coating

Print frame, Cold spray,
Fabric lamination
machine, Magnetron
sputter coating system

Foulard, Screen printing.
Foulard, Textile
Textile lamination
lamination machine, 3D
machine.
printer.
Weaving or knitting
technologies

Weaving loom, Knitting
Machine Shima Seiki,

Textile coating using paste based Al microparticles
(printing, kamination, spraying methods). Textile
coating with thin layer of aluminium by sputtering
method.

-

semiconductor

no

Conductive

Yes. Also, PVDF has
piezo-, pyro-, and
ferroelectric properties.

PVDF conductivity
strongly depends on
temperature and
frequency

Product contains no hazardous
ingredients liable to be disclosed.

1. Piezoelectric force response of novel 2D textile
based PVDF sensors; 2. Are fluoropolymers really
of low concern for human and environmental health
and separate from other PFAS; 3. Effect of
electrode pattern on the outputs of piezosensors for
wire bonding process control.

N/A

-

Conductive

-

Piezoresistive sensing in chopped carbon fiber
embedded PDMS yarns

-

no

conductive

-

Stretchable conductive yarn with extreme electrical
stability pushes fabrication of versatile textile
stretchable electronic

-

conductive

Health risks: skin irritation, allergy,
cardiovascular and kidney diseases,
lung fibrosis, lung and nasal cancer.

Optimization of electroless nickel plating on
polyester fabric

no

conductive

-

In Situ Loading of Polypyrrole onto Aramid
Nanofiber and Carbon Nanotube Aerogel Fibers as
Physiology and Motion Sensors

-

Yes

-

-

Energy Harvesting from Piezoelectric Textile Fiber

Lamination, Direct
printing

Lamination machine,
Printing screen

Chopped carbon fiber (CCF)
/polydimethylsiloxane (PDMS) yarn

Flexible sensors/actuators

Composite materials: Chopper carbon fiber
integrated into polymeric matrix PDMS.

Piezoresistive CCF/PDMS composite for
strain sensors development.

Injection

Injection device based
syringe

Multi-layer helical yarn (MLHY)

Flexible sensors/actuators

Woven or knits structures based on MHLY yarns.

Textile stretchable sensors.

Wrapping; Weaving,
Sewing and Knitting.

Wrapping machine;
Weaving loom; Knitting
machine; Sewing
machine

-

Textiles for electromagnetic shielding

Nickel coated polyester fabric

Flexible electromagnetic shields

Plating technology

Electroplating Plants

Electroless plating

Textiles for electromagnetic shielding

Porous aramid nanofibers (ANF), carbon
nanotube (CNT) aerogel fibers (CNT) coated with
polypyrrole (PPy) layers

ANF/CNT/PPy aerogel fiber used for motion
sensors

wet spinning

Wet spinning machine

wet spinning

PVDF sheath, Conductive composite core

Piezoelectric fibers for energy harvesting
devices

Melt Spinning,
Electrospinning

Yes

No information associated.

Piezo-resistive pressure sensors.

Flexible sensors/actuators

Yes

-

Safety data sheet aluminium:
https://www.carlroth.
com/medias/SDB-5285-GB-EN.pdf?
context=bWFzdGVyfHNlY3VyaXR5R
GF0YXNoZWV0c3wyMzc5MzF8YXB
wbGljYXRpb24vcGRmfHNlY3VyaXR
Aluminium powder used for textile coating
5RGF0YXNoZWV0cy9oNTkvaGQwL
zkwNTU1MTIxNjY0MzAucGRmfDU0
ZTExMzFkMGE2MTc0ZTI3ZGViZWE
yMzliMGE5YTU0ODg4NDI1YjkwNG
E1ZGE1MDk5NGIyZjZkNzdhZDM1O
Tc
CNT toxicity includes oxidative
A carbon nanotube-based textile pressure sensor
stress, inflammatory responses,
with high-temperature resistance; Review of toxicity
malignant transformation, DNA
studies of carbon nanotubes
damage and mutation.
Knitted resi: A highly flexible, force-sensitive knitted
No information associated.
textile based on resistive yarns

Weaving, knitting or sewing.

Polyvinylidene difluoride (PVDF)

Piezoelectric textile bi-component
fiber

Conductive

Flexible nanogenerators for wearable electronic
applications based on piezoelectric materials
Highly skin-conformal wearable tactile sensor based
on piezoelectric-enhanced triboelectric
nanogenerator
Modified graphene-based nanocomposite material
for smart textile biosensor to detect lactate from
human sweat

Health risks: inflammation,
injury, fibrosis, and pulmonary
tumors.

Smart flexible sensors/actuators noninvasive wearable

Melt spinning equipment
(Extrusion Systems
Limited, UK),
Electrospinning
equipment
Weaving loom, Knitting
machine, Film Coating
Machine

Flexibility
high flexibility, excellent
sensitivity and wide
measurement range
low-cost, simple, fast,
and reproducible
properties

Direct printing, lamination, transfer coating, and
immersion.

-

ANF/CNT/PPy aerogel fiber

1. neurotoxic effect;
2. carcinogenic effect;

Stretchability and
flexibility
Converting of waste
mechanical and radiative
energy to electricity that
can be used in selfenergy generating
systems and sensor
technologies

Lamination, Direct printing

1. mechanical blending of CCF and PDMS base
polymer; 2. CCF/PDMS injection using syringe.
A. MHLY yarns fabrication 1. Cu fibers were
wrapped around a pre-stretched polyurethane fiber
forming the first layer; 2. Polyamide 66 yarns were
wrapped on the first layer forming the second
layer. 3. The second layer was coated with
waterborne polyurethane (WPU) forming the third
layer.;
B. Sensors fabrication: MHLY yarns are
weaved, knitted or integrated on textile surface
through Sewing, Knitting, Weaving

Melt Spinning, Electrospinning

1. Health risks: Irritation by eye
contact, skin contact or
inhalation;
2. Physical/chemical hazards:
Flammable;
3. Hazards for the environment:
During fluoropolymer production,
the emissions can have a
negative environmental impact.
Moreover, PCDF is not
biodegradable.

Health risks: skin irritation,
allergy, cardiovascular and
kidney diseases, lung fibrosis,
lung and nasal cancer.
Health risks: CNT exposure can
lead to asthma, bronchitis,
emphysema and lung cancer

-

Flexible sensors/actuators

Textuator

Actuators based textiles and electroactive
polymers; artificial muscles

weaving, knitting,
coating

weaving, knitting, coating

-

-

conductive

N/A

Knitting and weaving artificial muscles

-

Smart flexible sensors/actuators noninvasive wearable

Textile bands with yarns of melt-spun PVDF
microfibres with conductive core

Energy harvesting textile

Weaving

Weaving loom

weaving

N/A

-

conductive

-

Energy harvesting textiles for a rainy day: woven
piezoelectrics based on melt-spun PVDF
microfibres with a conducting core

Piezorezistive microfibre based
carbon

Smart flexible sensors/actuators noninvasive wearable

PVDF (sheath), Core (carbon
black/polyethylene), Outer layer: silver paste

Piezorezistive microfibre coated with silver
paste for sensors for heartbeat and
respiration sensors

Melt spinning, coating

Melt spinning machine,
Yarn coating machine

melt spinning, coating

Health risks: inflammation,
allergies in case of skin contact
with a surface coated with silver
(rarely reported).

-

conductive

N/A

Energy harvesting textiles for a rainy day: woven
piezoelectrics based on melt-spun PVDF
microfibres with a conducting core

Artificial muscle fibers

Textiles for compression

Artificial muscle fibers

Compression sleeves

Weaving/Knitting

Weaving/Knitting loom

knitting/weaving

-

-

-

Textiles to control muscles’ activity

Embedded array of textile electrodes

Forearm sleeve

Knitting

Knitting loom

knitting

-

-

N/A
-

-

Smart textiles using fluid-driven artificial muscle
fibers
A Mass-Producible Washable Smart Garment with
Embedded Textile EMG Electrodes for Control of
Myoelectric Prostheses: A Pilot Study
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