& < Universi
?y The Hong Kong Polytechnic University

World Textile Conference 2016, Mumbai
New Paradigm for Textile Materials:
From Practicality to Intelligence

Prof Jinlian Hu
Editorial Board Member of Fibers
Guest Editor: Smart Textiles

16-17 2016
Mumbai, India

Institute of Textiles and Clothing Shape Memory Textile Center -SIIE



Contents

Introduction to Institute of Textiles and Clothing, the
Hong Kong Polytechnic University

ATC-14 an Invitation

A Paradigm Shift to Sensitive Textile Materials
Drivers to the Paradigm Shift

Sensitive Textile Materials and their applications
What is next: Challenges and opportunities
Conclusions and further references



The Hong Kong Polytechnic University
Institute of Textiles and Clothing (ITC)

ITC’s Mission

International Center of Excellence

in Fashion and Textiles Education &

Research



Trinity Structure
Three Major Disciplines

We have very attractive teaching and research programs in
fashion design, business and technology



Research Strength
Track Record
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Disruptive Innovations for Textiles and the Supply Chain

14th Asian Textile conference

27-30 June 2017 Hong Kong



Important dates

Abstract Submission Deadline : Monday, October 3, 2016
Abstract Acceptance Notification : Friday, December 2, 2016
Full Manuscript Deadline : Monday, December 26, 2016
Early Registration and Payment : Friday, February 3, 2017

Conference Dates : 27-30 June 2017



Call for papers

New, advanced and smart materials for textiles

Functional, smart and high performance textiles

Green processing technologies for textiles

Automation (robotics) in clothing, textiles and testing equipment
Sustainable fashion supply chain

Quality, management and branding of textiles and fashion

Digital technologies for textiles and fashion

Textiles for emerging technologies: energy, environment, automation,
electronics,..

Fashion design and technologies
Opportunities in disruptive era for textiles and fashion



A Paradigm Shift to Sensitive Textile Materials



The history of our human civilization is a history of Materials

It undergoes different ages

Smart material Age

Synthetic
Age
Iron Age
Bronze /
age /
Stone Age

y

4




Basic Textile Materials - History

Fibres + Yarns + Fabrics

Memory
fibres,
Conductive

Polyester,
spandex,

Rayon,Acetat pp fibres,
‘ . e,Nylon, _ Optical
Silk acrylic Microfibres fibres
Wool (2600 BC) (1880’s — ’( ;;Z;e_” ::igcr);sonic
1950 ¢
Cotton (3000 BC) ) 1993) llluminating
(3000 + BC) textiles etc.

(5000 + BC)

Natural Fibres Man-made/Synthetic Fibres




A Paradigm From Practicality to Sensitivity

Shift I
( .
Adaptive/Smart
Functions
Added
] Functions A _
Basic Intelligence
Properties ="
Practicality ’,¢*" Sensitive/Smart Textiles
_-"" * Conductive
T _ materials
- Functional Textiles: . \emory materials
=" Water repellent/proof, « Pphotonic materials
_-=" crease resistance etc., (By
- (By Fibres/polymers/coatin

Basic Textile Materials:
Natural, synthetic
fibres and fabrics.

Mechanical, physical,
chemical properties,
etc.,

Fibres/polymers/coatin g or finishing)

g or finishing)



Textile Materials with Practicality

Common and conventional textile materials have basic properties meeting the

universal requirements

Properties Benefits to users

Durability, Hand feeling

Comfort

Appearance
Wash ability

No harm

(N B

Reactive to Dyes



Functional Textile Materials

Functional textiles refer to those with improved functionalities, which could

add extra value to common textile for advanced applications

Functions

Applications

Safety

Protection

Comfort

Health care

(N

Appearance



Smart textiles

Materials and structures that can sense, react to environmental conditions or stimuli such as
Mechanical, thermal, chemical, electrical, magnetic or other sources.

Passive Smart o
Sense the external Stimuli

Textiles
Smart Active Smart Sense & react to external Stimuli
Textiles Textiles
Very Smart

) Sense, react and adapt
Textiles



Trends of Textiles

Paradigm: Practicality: Adapted or designed for actual use

* An example serving as a model or pattern The quality of being effective, useful, or suitable for a particular purpose or situation

* An outstandingly clear or typical example or archetype
. . gl .yp P . yp Sensitivity: The capacity or ability to respond to changes in the environment or
* A philosophical or theoretical framework of any kind physical stimuli

Sensitivity

\
[ \

Practicality - Functionality - ( Intelligence

A A AN

Active
3 Interactive
= Adaptive
[
Q
<
QC_J Added
@ functions

Basic
functions

1980 1980 1990 1980 1990 2000



Functional & smart textiles

Heat transfer

Smart Make functions
* Active

* Interactive

* Adaptive

* responsive

Conductivity

Functional Smart
Thermal Thermal
insulation regulation

Fig. 1

Anti-static }

OUTSIDE
Hot Air
|+

Cool Air
returns to
body

INSIDE body heat o

L Sensor }




Optical Materials —> Functional or Smart?

Functional

Organic layers
Anode
Substrate

Photovoltaics

Passive color
changing textiles / / f
‘ + =

[ Camouflage Function ]

{:j» Reflected light

Guided light )

T =

@ -X:E-Reﬂe:ted\ight
Guided light \ /

%:} ] Fiber

Hollow Core Photonic Band Gap Fibres




Drivers to the paradigm Shift
Sensitive Textile Materials



Drivers for Sensitive Textile Materials

Technology

Extremely
effective and
revolutionary

Functional
and Smart
Textiles

onsume
demand

Business
Growth
Over capacity

and Sheer
Competition

Life quality,
life style and
aging
population
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The development of computer

Mainframe computer=Mini computer- PC--desktop Internet -mobile internet
> wearable /everywhere product

B Re T I A S B A HAFR, T Ri& oERERIN K

Technology Cycles Have Tended to Last Ten Years

Wearable/

Mainframe Mini Personal Desktop Internet Mobile Internet Everywhere

Computing Computing Computing Computing Computing Computing
19608 1970s 1980s 19908 2000s 2014+

Image Source: Congputersciencelab com, Wikipedia, IBM, Apgle, Google, NTTdocommn, Google, Jawbone, Pebble



Computing/Wearable electronics

Electronics mmmmmm) Wearable computer

A convenient and smart lift style



Fast Growth--- Forecasts on wearable electronics

E-textiles

Portable, washable,
Traditional wearable Wearable electronics stretchable, comfort,
electronics wireless, foldable,

Small size, active devices,
wireless and non-invasive,
user friendly

Working with high energy
not integrated into clothing

durable, invisible,
integral energy
harvesting

Small size; Good
properties
Rigid; Heavy;
Environments
contaminated
Large batteries

past 2015 2024



Evolution of wearable electronics

All textile antenna

[ Electronics ] [ Textile-adapted? [ Textile-integrated ] [FuIIyTextiIe-based]




Smart textile project in Europe

(.

WEALTHY Sept 2002—Feb 2005

ECG http://www.wealthy-ist.com/
BiOIO ica| e MyHeart Jan 2004—0ct 2007
. g . Res iration http://www.hitech-
monitori ng P projects.com/euprojects/myheart/
¢  CONTEXT Jan 2006—Jun 2008
E M G k http://www.context-project.org/ )
r N\
Emergency e )
. ¢ PROETEX Feb 2006—Jan 2010
Safety d Isaster http://www.proetex.org/
Application \ intervention  J S
( N
. . a
Biochemical . +  BIOTEX Oct 2005-Feb 2008
sensi ng Body fluid q http://www.biotex-eu.com/
\, J
( N
| Stimuli sense MICROFLEX May 2008-May 2012
& react http://microflex.ecs.soton.ac.uk/
\ J
e D 7 N
Computer system + WearlT@Work Jun 2004-Nov 2008
= . . . http://www.wearitatwork.com/
interface with textile ) \ J
. . D /"« OFSETH Mar 2003—Jun 2009 )
Optical-electronic http://www.ofseth.org/
¢ PLACE-it Feb 2010-Jun 2013
\ SVSte m y \ http://www.place-it-project.eu/ y
Technology - \
H H e )
Flexible phOtOVO|taIC + DEPHOTEX Nov 2008-Oct 2011
text”e http://www.dephotex.com/
\ Yy " J
. . A
TeXtI Ie eleCtrlcaI [ ¢ STELLA Feb 2006-Jan 2010 ]
- L interconnects ) | http://www.stella-project.de/ )

Matteo Stoppa et.al., Sensors 2014, 14, 11957-11992



Military

Safety and security

1 Life vest-detect the sudden cardiac arrest(SCA)

2 Wearable Motherboard developed by Georgia Tech University

3 Blushing dress-Philips, show wearers emotional states

4 Mino, a baby monitor tracks baby’s temperature, breathing, activity and sleep
5 Nymi bracelet is equipped with a sensor

Pic.6 Joanna Berzowska co-founded with MIT vet Maggie Orth, musical jacket

Sports and fitness

6
Entertainment




Multi-component Systems

General components of
E-textile system

Data Integrated

Communication Energy suppl o
sy stUppPl management circuits

battery

20
17 19
§ )
Imager 1 1
g sensor/ | control/ baseband
{1 stimulus | selie- g » datapath modem radio
Microphone L'Uht GPS 'E g logic Y
'9 --\ - - I CPU I I memory I 21
ST |=.—|— - 3 T
Altimeter [ g = —I— 26 2a 25
l \©§° 7% ‘_u’ ? Magnetometer clock wireless transceiver
Toxin T

Temperature sensors Heart rate Pressure  sensors

Copyright MotionX® by Fullpower®
FIGURE 5



How to Get Sensitive Textile Materials

Computing
/Wearable
electronics
/Digital

Inspirations
for
Functional
and Smart

Textiles

Materials Bionics

Memory and
conductive
Materials

Principles
and systems




Sensitive Textile Materials

Sensitive textile materials refer to those which can transport and sense environmental conditions
or stimuli such as Mechanical, thermal, optical, electrical, chemical, electrical, magnetic or other

sources.
Conductive
Materials
Sensn?llve Memory
Textl.e Materials
Materials
Optical

Materials




Conductive Materials



Conductive Raw Materials

i
[ l

Conductive
Metal-based Carbon-based
polymer
Intriasic/‘\ ° Ag e Carbon nanotube (CNT)
conductive Conductive * Cu * Graphene
oolymer composites * Au e Carbon black
* Ni
4 ) i <> High electrical ductivi
. Polypyrrole (PPY) . Nanowire igh electrical conductivity
*  Polyaniline (PANI) « Nanoparticle <> Superior mechanical properties
«  Polythiophene (PT) <> CNTs and graphene: most
* Poly(3,4-ethylenedioxythiophene i intensively e>fpl<.3red
. s <> Great potential in wearable
\ (PEDQT) ) <~ Very high conductivities lectroni
<> The roughness, haze, and electronics
‘1' stability issues have hindered

_ their emergence in industry
<> Conjugated polymers can be made to

conduct electricity through doping
<> Poor processability: mainly by dispersion
<> Conductivity: metallic or semiconductor

Wei Zeng et.al, Adv. Mater. 2014, 26, 5310-5336



1
Basic electronic circuit components

Fiber ] Electrical
transistors J connector

(. Strain sensor )
4 . . ) [ Sensor ] * Pressure sensor
Fiber/Fabric- * Chemical sensor
based electrical |—= > |« Optical sensor
system \.* Humidity sensor )
\_ J

PDMS-RET

storage convertor

Power system

Wei Zeng et.al, Adv. Mater. 2014, 26, 5310-5336



Applications

Flexible sensor

Flexible
Electrodes

Textile
Antenna

Conductive
Materials

Textile Switches Flexible Circuits

Textile Displays Textile heating module



Conductive fibers

Spinning
Dip-coating [ c—
Nano | |
materials
Conductive ) < large surface area-to-volume
fibers Nano-coating ratio and high surface energy | Mg
Surface
modification

Lf <> Introduce strong surface interactions like
covalent or ionic bonds
<> Provide a suitable interface layer for high

\_ durability

s

.. <> ZnO NWs grown around fibers
c SN
Self OLE201208 <> Otherinorganic NWs: Si, GaAs, GaN, Ge ]

\

Xuging Liu et.al., ACS Appl. Mater. Interfaces, 2010, 2 (2), pp 529-535



Conductive fabrics

Conductive
yarns

*  Weaving
*  Knitting
*  Embroidery

Coating

Dip-coating

Conductive

fabrics

Inkjet printing

Printing

Screen printing

Digital printing

Lamination

Surface Mounting

Matteo Stoppa et.al., Sensors 2014, 14, 11957-11992

%
3

b7 # VT

<> Thermoplastic
adhesives

]

hoedy e X TP
gy T’




Three-dimensional direction heating
fabric used into the AFO device

Evaluation of properties of AFO devices

* Avoid hot spot problems resulting
from the short-circuiting

" | e Uniform heating generates in three-
. | lL dimensional direction even the

T " fwa fabrics are under the curved shape
* Heating process is time efficient

* Production process in a low cost and
easy method

Left foot

Angle

temperature/°C
R N

90
time/s

Average rate of temperature vs time Average angle change before and after stimulation



Conductive fabric for vital sighs detection

( N

Sensor for
detecting ECG
and respiration

signals
N /
Sensor for \

detecting pulse
rate (and blood
pressure in the
future)

o

/




Optical Materials



Classifications of Optical Materials

<Optical Materials>

e Glass fibres
* Polymer Optical
Fibres

v v
Optical Fibres > <Photonic Crystals>

\ 4

C

SI-POF
Single core
Single sheath

i

MC-SI-POF
Multiple cores
with one sheath

GI-POF
Refractive index

DSI-POF
Single core
Double sheath

MC-DSI-POF
Multiple cores
with two sheath

O

MSI-POF
Multi-step index

A

A

Light Emitting
Elements

Photochromic
Materials

A

Photonic Fibres

High Index
Guiding Fibres
Low Index
Guiding Fibres

> < Photovoltaics >




Functions of Optical Materials

Signal Transmission | Sensing

L
""-.._‘_‘_‘_

Glass / Plastic Optical Fibres

| lllumination
—— - /
@ 3 = | <ﬁ> Fiber Geometry Design

DAY

Organic layers

Anode
Substrate .
Colour Tunable Photonic
. Fibres
Photovoltaics
{:ﬁ» Reflected light

Passive color
changing textiles / / f
+ =
Guided light }

=
@ ‘;:E’ Reflected light

Guided light k /
-X:% — ] Aﬁber




Applications of Optical Materials

Networks /
communicat
ions

Military/Safet
y uniforms

Textile
sensors

Automobiles
/Railways/A
viation

Optical/illu
minating
textiles

Medical/Bio
medical
engineering

Industrial
plants



Applications of Optical Materials

Light Therapy: Biomedical

Applications
Communication & Textile Sensors

Military Applications (Strain/Temperature/Humidity/Pressure sensors)

Fashion Related Applications

Decoration/Display Applications



Technologies for Optical Materials

Optical Fibres

Glass core YKQ\I\I 2\
)} / ] \ "/E

Y
Glass cladding Plastic jacket Periodic refraction index change
(Gratings)

Canvas

Fibre Grating

Soutage Schiffli

Embroidery Technique

NI

Photonic band gap fibres — Colour applications using single white light
source

Photonic Crystals

1D Band Structures 2D Band Structures 3D Band Structures

Arrangement of dielectric arrays in different dimensions for
localization of lights (optical fibres, nanoscopic lasers, ultraviolet
pigment, radio frequency antennas, reflectors, light emitting
diodes, and photonic integrative circuits).

squeegee

image photoemulsion
ik screen

= printed image

-

Exhaust Dyeing of Screen Printing
Fibres/Fabrics
[v] I
High Veltage

Film mince Power Supply

Sol Substrat

Metallic
Needle
Charged Jet

Translation
Rotating Collector

Sol-Gel coating Electrospinning



Memory Materials



Shape Memory Polymers

Bone filler
Temporary shape

> I

Cooling

Programming

Recovered shape

v
Fixed temporary shape

Body temperature Liquid
\ I

Minimally invasive
Self adaptive




Excellent Processibility

Shape memory
polymer

Films




Flexible Design

nEIpOIHI ‘,;“.'—f
physical crosslinking & @
switch 2. Cmp &
CIRLLD / @
s e HSC=15%,20%

chemical crosslinking
&

3

Interpenetrated netw ork

CDs Interlocking

3. e 4 1

liquid supramolecular
crystallization  glass transition  crystallization swilch

. _ Proposed Models of
Hu, J. L. and S. J. Chen (2010). Journal of Materials Chemistry 20(17): 3346-3355. SMPU’s Morphology

Ji, F. L., J. L."Hu, et al. (2007). Polymer 48(17): 5133-5145



Wide Functionality

Corgosition & stuctwe

S tiraalus

Shape rae rmory function

"~ Block-copolyraer

SO ; SR

Suprarolecular polyrae

s
-

Polyraer blend f

coii' te

Polyraex IPNfseraa IPN

227 BB

Cmssl.mked Homopolymgr
i) B il
R e

Teraperature \

::q'

Electuncity
- ’ -
- :"/l
Dlagnetic

Water sensitive )

Lightiradiation —

 §

1) The
sensitrve

2) Water
sensitove

<1

4) Redox
sensitve

One way SIVIE

ﬁ‘-

Two way SIVIE '

NN

(@) Cosine

Trnple shape SIVIE

Hu JL, Chen SJ. A review of actively moving polymers in textile applications. Journal of Materials Chemistry 2010;20:3346-55. Progress in Polymer Science 37
(2012) 1720- 1763



Broad Applications of Memory Polymers to Textiles

Ventilation textiles

Water vapour
Medical management
textiles textiles

Memory
Materials

Thermal protective
textiles

Mechanical protective textiles

textiles

Liquid protective
textiles

/| Biological protective



Widely Available in Nature

Shape Memory Structural Constitution of Natural Protein Biopolymer Fibers

Net-Points Switchesgenerated From . L. .
hydrogen bonding in Net-points exist in different
. Spider sillk* B-sheet ¢-helix (Gly-Pro-Gly-XX), i i
(Alan ich) Amorphous (Gly-GY-X). biopolymers in the form of
Elastin Cross-links (Aldehydes) (Val-Pro-Gly-VakGly), or {Val-Gly-Gly- physica| or chemical
fibers= formed by lysine Val-Gly),
WooFs Disulfide (Gly-X), crosslinking while switches are
S-S .
Collagen=¢ Cross-links (Aldehydes) (Gly-Pro-Hyp}, formed from CO“ECtIVE
formed by lysine .
hydrogen bonding between
Regenera}ed p-sheet (Ser-Gly-Phe-Gly-Pro-Tyr-Val-Alz-Asn-
Cocoon sik™ (Alan-Gly) rich Gly-Gly-Tyr-Ser-Arg-Arz-Glu-Gly-Tyr-

C=Qee++H-N in protein chains

Glu-Tyr-Ala-Trp-Ser-Ser-Glu-Ser-Asp-
Phe-Glu-Thr),

[27]Plaza, G.R., Guinea, G.V., Perez-Rigueiro, J. & Elices, M. 2006, Journal of Polymer Science Part B-Polymer Physics,
44 (6), pp. 994-999.

[28]Vollrath, F. & Edmonds, D.T. 1989, Nature, 340 (6231), pp. 305-307

[29] Vollrath, F. & Porter, D. 2006, Soft Matter, 2(5), pp. 377-385

[30] Vollrath, F., Porter, D. & Holland, C. 2011, Soft Matter, 7(20), pp. 9595-9600



Experimental Study of Spider Silk

HD—> 0 —> 0 >80 _5 g

v
v
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a I : =
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RH { switchhumidity (in air) RH Switch humidity (water)

8, Shape Memory Programming of a Spider Silk. b, General Hydro-mechanical-shape Memory

eaE Relationships. @, Original shape and stretching
c starts; recovery and drying ends. @), Stretching
o TV o ends and fixation starts. (3), Temporary Shape. @,
2P LU I0'\< 102 .
= p,?m gl thape o @ i Wetting produces recovery stress. &), Shape
S %91 deformedshapetothe Y recovered in wetting
= tempomary shape for ol
5 “*supercontaction” _-" .(-
r-;; 400 ‘\\\"\\.\0.\:- .- o "..I
= v s o~ - . . .
- 0“\_,.-' §° o c, Shape Memory Stress-strain Relationship of Spider
_— & Silk in Programming
n
o
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& ° 01 @ 3.2

True Strain



New discovery of Memory Properties

a;
Stress Memory ' Memory |
Stress
- G Cas | |Cas
© !
o :
-3 o
@ ol
()] |
g !
5 |
o |
0.0 T T T T 7/ 7T T T -
00 05 1.0 1.5 2.0 25 “13.5 14.0
Time (hr)
b g g s )
TPh TPh TCh TDi
Tn Ton (ch)
S R
. @ -i»
—_— = = —_—
S() S1 52 S3 S4 Ss
c A A Cz
S,
©)
3 a
®
So Time S4 S1 Strain 'S4 -

What is Memory Stress ?

(a) Programming of stress Memory
in the polymers

Tp;: discharging temperature,
T¢,: charging temperature

(b) Programming process of material
at particular strain level

(c) Stress-strain and stress-time
profiles during programming

J.L Hu et. al., J. Pol. Science Part B Physics, 2015



Applications of Stress Memory to Compression Stocking ?

Strain level = 11.5 %

Constraint = 11.5 %

Strain level =30.7 %

Discharging
—_— :
‘« d“ | <G
[ Charging > -
‘- — t—
| Gradient
pressure
e Input Output

e Temperature
e Heating/Cooling

0 ; 4 L :
0.0 0.5 1.0 15 Feedback
Time (hr)




Benefits of Memory Compression Stockings

Selective
pressure
control

Simple
Knitting

Stress
Massage I\/Iemory vl%/gg gor
benefits ~ Compression
take off
System

Gradient
Pressure

y\ ﬁ \ j
U

STOCKINGS
WITH HIGH R~ iy )
COMPRESSION 4 \ \
(Comprmmsida 25 - 35 . Hy. Art) “ \ 1 )
i |

RECOMMENDED:

@ FORTHE TREATMENT
OF CH GULCERS

* Benefits for Older patients living in communities or
home

* Inexpensive massage effect in rest position

* Simple application procedure (No nurse required)

/ * Can be offered by everyone




New discovery of Memory Properties
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What is Memory Stress ?

(a) Programming of stress Memory
in the polymers

Tp;: discharging temperature,
T¢,: charging temperature

(b) Programming process of material
at particular strain level

(c) Stress-strain and stress-time
profiles during programming

J.L Hu et. al., J. Pol. Science Part B Physics, 2015



Applications of Stress Memory to Compression Stocking ?

Strain level = 11.5 %

Constraint = 11.5 %

Strain level =30.7 %

Discharging
—_— :
‘« d“ | <G
[ Charging > -
‘- — t—
| Gradient
pressure
e Input Output

e Temperature
e Heating/Cooling

0 ; 4 L :
0.0 0.5 1.0 15 Feedback
Time (hr)




Benefits of Memory Compression Stockings

Selective
pressure
control

Simple
Knitting

Stress
Massage I\/Iemory vl%/gg gor
benefits ~ Compression
take off
System

Gradient
Pressure

y\ ﬁ \ j
U

STOCKINGS
WITH HIGH R~ iy )
COMPRESSION 4 \ \
(Comprmmsida 25 - 35 . Hy. Art) “ \ 1 )
i |

RECOMMENDED:

@ FORTHE TREATMENT
OF CH GULCERS

* Benefits for Older patients living in communities or
home

* Inexpensive massage effect in rest position

* Simple application procedure (No nurse required)

/ * Can be offered by everyone




What is next
Challenges and opportunities



For Textile Scientists and Industry

Textile
structures
provide
unique
properties

Opportunit
ies in
Smart

Textiles

Our
Manufacturing

technologies Full supply
can provide .
excellent chain

production
base



For Textile Scientists and Industry

Application
S

Challenges
in Smart
Textiles

Commerci
alisation



R & D Areas for Sensitive Textile Materias

* Sensitive Materials for Textiles
— Physics
— Chemistry
— Textile structures and properties

* Technologies
— Micro- and nano-materials

— Machines
— Structures



THE HONG KONG

Qi 246 POLYTECHNIC UNIVERSITY

EHH T AL

rotil Consumer
exti e specialists
Technologists
/Scientists

Polymer Fashion
Chemists Designers
Successful Development of
Physicists Smart Textile Systems

Electronics

Software

Engineers

Bioengineers

IMSTITUTE OF TEXTILES & CLOTHING

FRREERERER



Summary

The trends for textiles are from practicality, to Functional
and now to smart. While functional textiles have achieved
significant impacts, smart textiles has also crystal-clear
trend in the coming 10 to 20 years following functional
textiles

Emerging materials for meeting and leading such trends
requirements are essential for the movements of such
change.

Conductive, optical and memory polymers are the most
useful and have tremendous market demands

Sensitive materials

A new paradigm is now formed and will have tremendous
opportunities and impacts.
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Special Issue “Smart Textiles”

Smart textiles have their foundations in different research disciplines: textile design
and technology, physics, chemistry, materials science and engineering, electronics,
computer science, and wearable technology. The progress of sciences and
technologies necessitates interdisciplinary interaction and collaboration between
basic research and innovative applications. This Special Issue, entitled Smart Textiles,
calls for papers regarding the scientific study of any fibers, fiber materials, fibrous
structures, and applications of smart textiles.
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materials; fibrous structures; applications of smart textiles; multi-function; stimuli
responsive fibers
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Fibers (ISSN 2079-6439) is a journal that
publishes original articles, critical reviews,
research notes and short communications on the
materials science and all other empirical and
theoretical studies of fibers, providing a forum
for integrating fiber research across many
disciplines.
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