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PREFACE

We are pleased to welcome you to the 7" edition of the International Conference on Intelligent
Textiles and Mass Customization-ITMC 2019, which will be held at the historical city of
Marrakech (MOROCCO), from the 13" to the 15" of November 2019.

The ITMC 2019 conference is for guests from various industries and disciplines related to the
textile industry. Its interdisciplinary approach is the key to maximizing the potential and
development of textile materials and tools for various applications. The purpose of the
conference is to explore new ideas, effective solutions and collaborative partnerships for
business growth by catalyzing the creation of a beneficial synergy between designers,
manufacturers, suppliers and end users of all sectors and making full use of this potential.
ITMC conference themes are axed on intelligent textiles and mass customization. During the
13" and 14" of November, inspiring speakers from industries, academies, governments and
societies will shine the light over new chances and challenges, bringing global statistics and
success stories about cutting edge science and technology. The innovation brought to the table
of discussion will bloom through cooperation, policy, education and training and rise via an
outstanding interaction between speakers and participants, guaranteed through Novel IT tools.
On 15" November participants are invited to show their prototypes during the Smart Textiles
Salon.

The social program includes a welcome drink on 14" in the evening, guided visits to
Marrakech and the conference dinners offering a taste of Moroccan cuisine.

The International Conference on Intelligent Textiles and Mass Customization (ITMC) meets
every two years, where the organization rotates among the 5 coordinating countries (Belgium,
Canada, France, Japan and Morocco).

On behalf of the Conference organizers, we are honored to welcome all interested business,
research institutions and organizations from around the globe to participate in a lively
exchange of ideas and experiences featured at the ITMC2019 Conference. We are looking
forward to seeing you in Marrakech on the 13" of November 2019!
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Palm Plaza Hotel, Marrakech, Morocco

Day O - Tuesday 12/11/2019

(AR - S Get together party & Registration
16:00 - 20:00 Palm Plaza Hotel, Marrakech

First day - Wednesday 13/11/2019

ggg Registration
Opening ceremony
Mr. Mohammed Lahlou, ESITH , Morroco
9:30 Mrs. Lieva Van Langenhove, University Ghent, Belgium
10:00 Mr. Vladan Koncar, ENSAIT, France
Mr. Jacek Mlynarek, Groupe CTT, Canada
Mr. Shigeru Inui & Mr. Shohei Koyama, Shinshu University Japan
Plenary Session - Room A
Session chair: Mr. Jacek Mlynarek, Groupe CTT, Canada
Keynote 1
“E-textiles for medical and industrial applications”
Prof. Vladan Koncar

10:00
10:30

1238 Coffee break + Poster session

Keynote 2

“Complex 3D Woven Textiles : A Sustainable material”
Prof. Bijoya Kumar Behera

Keynote 3

“Hot and Cold 3D Fabric Design”

Mr. Perlinger Eric

Projects Session :

11:00
11:30

11:30
12:00

O N Vol.7 16 November 2019, Marrakech, Morocco

Erasmus+ project FOSTEX: “Fostering innovation in the Jordan and Moroccan textile industry”, project number 598347-EPP-

1-2018-1-ES-EPPKA2-CBHE-JP

12:00 Mrs. Monica Ardanuy

LS Repellents”

Dr. Peyman Ghaffari

Present the BALI Chair

Mr. Pascal Denizart
12:30

14:00 Lunch + Poster session
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Room A
Mirela Blaga, "Gheorghe
Asachi" Technical
University of Iasi, Romania
Aziz Lallam, ENSISA,
France

F44: Use Case of Smart

Textiles Bio-Sensors
Development and
Integration for the

Automotive Industry

J. Decaens, 0.
Vermeersch, D. Lachapelle
and P. Forcier

CTT Group, Canada

F87: Quantification of
the silver content of a
silver-plated nylon
electrode according to
the nature of the
laundering detergent
Valentin Gaubert, Hayriye
Gidik, Nicolas  Bodart,
Vladan Koncar

ENSAIT, France

UCLille, HEI - France
University of Lille, France
Petit Bateau, France

F8: Novel durable
conductive inks &
coatings open the door to
mass production in smart
textiles

Brecht Demedts, Jurgen
Mispelon, Daniela Zavec,
Milan Baxa, Myriam
Vanneste

Centexbel, Belgium
Titera, Slovenia

Vetex, Belgium
Applycon, Czech Republic

F144: Effect of the
textile substrate in the
durability of
embroidered textile
antennas

Heura Ventura, Laura
Gonzalez-Lopez, Monica
Ardanuy and Ignacio Gil
ESEIAAT = Universitat
Politécnica de Catalunya,
Spain

F45: Design and

Development of a piezo-
resistive sensor based on

Nano technology

Room B
Francois Boussu, ENSAIT,
France
Patricia Dolez, University of

Alberta, Canada

F28: Synthesis of BaCO3
particles tailored by
carboxylated cellulose
fibers

A. Jada, S. Ladhari, K. Jradi
IS2M-UMR 7361 CNRS -
UHA, France
Université de
France.
University of Quebec at Trois
Rivieres, Canada

Strasbourg,

F35: Polypyrrole coated
hematite sand (HS@Ppy)
as a new catalyst for
degradation of organic

dye based on sulfate
radicals

Abdellah Ait El Fakir, Zakaria
Anfar, Amane Jada,

Noureddine El Alem
Université Ibn Zohr, Morocco

IS2M-UMR 7361 CNRS -
UHA, France
Université de Strasbourg,

Strasbourg, France

F51: A Highly Stretchable
Strain Sensor based on
Polyolefin Elastomer
Nanofiber Membrane
Mufang Li, Kanggi Chang
and Dong Wang

Wuhan Textile University,
China
F53: Surface

Functionalized PVA-co-
PE Nanofibre Membrane

for Antibacterial and
Bacterial Concentration
Detection

Zhentan Lu, Zhenguo Yu
and Dong Wang

Wuhan Textile University,
China.

Donghua University, China

F143:The controlled
release of silica and
phosphates nanoparticles

Sustainable production /
Recycling

Room C
Ariadna Detrell, AEI
TEXTILS, Spain
Cochrane Cedric, ENSAIT,

France

F6: Oriented membranes
processes for facilitated
extraction and recovery of
some industrial dyes
across polymer inclusion
membranes containing
Chitin as new extractive
agent

Y. Chaougi, R. Ouchn, M. El

Bouchti, O. Cherkaoui, M.
Hlaibi

Université Hassan 11,
Morocco

REMTEX, ESITH, Morocco
F23: Core-shell particles
based on porous
carbon@Fe304 for
efficient removal of dyes
from textile effluents
Zakaria Anfar, Abdellah Ait El
Fakir, Amane Jada,
Noureddine El Alem

Ibn Zohr University, Morocco
IS2M-UMR 7361 CNRS -
UHA, France

Université de Strasbourg,
France

F32: A comparative
study between tio2 and
zno photocatalysis:
photocatalytic

degradation of textile
dye
Meriem Kouhail, Zakia

Elahmadi, Abbes Benayada
LEC, ESITH, Morocco

Mohammed-V University,
Morocco

F40: Sustainable wool
insulation textile
products - an
opportunity for

entrepreneurial
initiatives in Romania
Pyerina C. Ghituleasa,
Eftalea  Carpus, Angela
Dorogan, Cezar Bulacu and
Ana Enciu

INCDTP, Romania

SC MINET SA Company
Ramnicu Valcea, Romania
ICDCOC Palas Constanta,
Romania

F110: Effect of Through
the Thickness Stitching on
The Performances of Non

Confort

Room D
Georgios Priniotakis, Piraeus
University of Applied
Sciences, Greece
Aileni Raluca Maria, Institute

for Textiles and Leather,
Romania

F21: The effect of moisture
on water vapour
permeability of men’s
shirts

made of natural fibres and
their blends

Lubos Hes, Satyadev
Rosunee, Roshan Unmar,
Pavel Gebrian

Technical University of

Liberec, Republic
University of
Mauritius

Mauritius,

F82: A method to reduce
the number of sizes in
apparel industry

B. Hamad, S. Thomassey
and P. Bruniaux

ENSAIT, France

Univ. Lille Nord de France,
France

F99: CALM scale -
Assessment of the total
comfort of the popular
female jeans

Braga. Iara, Abreu. Maria
José and Oliveira. Madalena
Federal University of Piaui,
Brazil

University of Minho, Portugal

F103: Comparison and
testing of compression
stockings for sport

activities in the laboratory
Abreu. Maria José, Catarino.
André and Enczmann.
Franziska

University of Minho, Portugal
University of Reutlingen,
Germany

F126: Identify the most
influential operating
parameters affecting
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15:30
15:45

15:45
16:00

16:00
16:30

PEDOT: PSS applied to
Sisal's natural fiber for
monitoring of 3D warp
Interlock fabric

A. Abed, C. Cochrane, F.
Boussu, O. Cherkaoui, R.
Elmoznine

ENSAIT, France

REMTEX, ESITH, Morocco
Chouaib Doukkali
University, Morocco

F129: A new method of
measuring the surface
roughness of conductive
woven fabrics for the

integration of organic
photovoltaic cells

Hajar  Jaouani, Denoun
Saifaoui, Mohamed Dalal,
Omar Cherkaoui, Dimitra
Matsouka, Savvas
Vassiliadis

University Hassan II,

Morocco

REMTEX, ESITH, Morocco
University of West Attica,
Greece

F97: A colorimetric and
fluorescent sensor
based-azo dye to develop
test strip for Cu2+ / CN-
detection in aqueous
media

S. Fettouche, A. Boukhriss,
M. Tahiri, O. Cherkaoui
and S.Gmouh

REMTEX, ESITH, Morocco,
Université Hassan 11,
Morocco.

F36: Development of a
smart piezoelectric
textiles by surface
modification with coating
process based on
interfacial interaction on

the conformational
variationof Poly
(vinylidene fluoride)

(PVDF) chains.

N. Chakhchaoui, R. Farhan,
F. Benkhouya, A. Eddiai, M.
Meddad, O. Cherkaoui, Y.

Boughaleb, Lieva Van
Langenhove

Hassan II University,
Morocco

REMTEX, ESITH, Morocco
Mohamed el Bachir el
Ibrahimi BBA University,
Algeria

Ghent University, Belgium

Coffee break

coated onto textile by the
sol-gel process

Mohamed El Messoudi, Aicha
Boukhriss, Omar Cherkaoui,
M’hammed El Kouali, Said
Gmouh

REMTEX, ESITH, Morocco
Hassan II University,
Morocco

F150: Microencapsulation
for Better Mosquitoes
Repellent Efficacy of
Cotton Fabrics

A M Grancaric, K Laird, L
Botteri, J Shen and K
Laatikainen

University of Zagreb, Croatia
De Montfort University, UK
Lappeenranta-Lahti

University of Technology
LUT, Finland
F50: Rheological
Properties and
Dissolution of cellulose in
3-hexyl-1-

methylimidazolium based
ionic liquids

Kaoutar Aghmih, Mehdi El
Bouchti, Aicha Boukhiss,
Mounir El Achaby, Sanaa
Majid, Said Gmouh

REMTEX, ESITH, Morocco

Hassan II University,
Morocco
Mohamed VI Polytechnic

University, Morocco

F54: Application of
Fez0s@polyAcrylate on
Cotton fabric by polymer
coating

Sara Jamoudi Sbai, Aicha
Boukhriss, Mehdi Elbouchti -
Omar Cherkaoui ,and Said
Gmouh

REMTEX, ESITH, Morocco
Hassan II University,
Morocco

Woven Textile Wastes at
Dry and Composite Scales
Wafa Baccouch, Adel Ghith,
Xavier Legrand, Faten Fayala
University of Monastir,
Tunisia

Lille University, France

F118: Novel water
conservation technique
and Eco-Dyeing of Wool

Fibers using Henna
Extract in non-aqueous
Medium

Omer Kamal Alebeid Jiping
Wang

Zhejiang Sci-Tech

University, China, University
of  Engineering  Science,
China
Cleaner Production Institute,
Sudan

F148: Application of
natural inorganic
adsorbent for removal of
cr(vi) ions from textile
industry wastewater

Kiril Lisichkov, Hamdije
Memedi, Katerina Atkovska,
Erhan Mustafa, Stefan
Kuvendziev, Flakrim Aliu,
Mirko Marinkovski

"Ss. Cyriland Methodius”
University, Skopje

State University of Tetovo,
Macedonia

F41: Mitigation of
environmental impact
caused by Flame

Retardant textile finishing
chemicals

Félix-de-Castro, Paula,
Boisserée, Nora, De-Vilder,
Ine, Detrell, Ariadna,
Casamada, Josep

LEITAT Technological Center,
Spain

CENTEXBEL, Belgium.

AEI Téxtils, Spain.

stiffness of knitted fabric
using fuzzy decision trees
Rania Baghdadi, Hamza Alibi,
Faten Fayala, Xianyi Zeng

University of Monastir, Tunisia

University North Lille of
France, France

F127: Hydrothemal -
dewrinkling of textile
surfaces

L. Ben Hassine, A. Lallam and
D. Ivanov

University of Upper Alsace
Mulhouse, France

F128: Using reverse neural
networks (ANNiI) to
predict the structural
variables from a fixed
value of the crease
recovery angle

Hamza Alibi, Rania Baghdadi,
Faten Fayala, Abdelmajid
Jemni, Xianyi Zeng

University of Monastir, Tunisia
University North Lille of
France, France

F151: Comfort-related
properties of the
seersucker woven fabrics
M. Matusiak

Lodz University of
Technology, Poland
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Registration

Plenary Session - Room A
chair: Mr. Vladan Koncar, ENSAIT, France

Session
9:00
9:30

9:30
10:00

10:00
10:30

10:30
11:00

Session

Chairs :

11:00
11:15

11:15
11:30

11:30
11:45

11:45
12:00

Keynote 4

Second da

— Thursday 14/11/2019

“Digital transformation and open innovation for Railway sector”

Mr. Emmanuel Cox
Keynote 5

“'Lithium ion batteries in a fast-changing world"

Mr. Rachid Yazami
Keynote 6

“MASEN Renewable Energy program in Morocco”

Mr. Hicham Bouzekri

Coffee break + Poster session

Smart & Functional
textiles

Room A
Dominique Adolphe,
ENSISA, France
Lieva Van Langenhove,

Ghent University, Belgium

F16: Development of
Super-Hydrophobic and
Stain Repellent Fabric

Finish

Dr. Subhas Ghosh,
Roopkatha Pallye

Eastern Michigan
University, USA

F115: Improvement of
enzymatic antifelting

treatment of Wool Fiber
and its effect on the
dyeing with juglon of
common walnut plant
Younes Chemchame, Hajar
Benzbir, Amina Kachachi,
El Bouchti Mehdi, and
Aboubakr Kharchafi
Foundation of Hassan II
Mosque, Morocco.

REMTEX, ESITH, Morocco
F80: Smart nanofibrous
membrane as
chemiluminescence
biosensor for hydrogen
peroxide determination
Wenwen Wang

Wuhan Textile University,
China

F105: Non-
formaldehyde Wrinkle

Supply Chain
Management, Logistics
and Digital Tools 1

Room B
Mustapha Hlyal, ESITH,
Morocco
Elhachemi Nizar, EMI,
Morocco

F4: Use of multicriteria

decision analysis
methods for the
selection of the
subcontractors in an

apparel supply chain
Mourad Lahdhiri, Mohamed
Jmali And Amel Babay
University of  Monastir,
Tunisia

F9: Study on
Classification of Habitat
for Cashmere Fiber by
Infrared Spectroscopy

First Y. Ikeda, Second S.
Koyama, Third H. Ishizawa
Shinshu University, Japan.

F10: Ant colony
optimization for the
assembly line balancing

based on workers’
performance

Z. Chourabi, F. Khedher
and A. Babay

University of  Monastir,
Tunisia

F17: Hybridization of
Game Theory and

ridesharing to Optimize

Advanced Manufacturing

Room C
Ana Marija Grancaric,
University of Zagreb,
Croatia
Vladan Koncar, ENSAIT,
France

F7: Verification of fiber
diameter and
pretreatment method
for high signal-to-noise
ratio THz spectrum
measurement

S. Koyama, R. Tamura and
Toru Kurabayashi

Shinshu University, Japan
Akita University, Japan

F22: Influent product
and process parameters
on the mechanical
behaviour of 3D warp
interlock fabrics made
with E-glass yarns

A. Kececi, F. Boussu, D.
Soulat

ENSAIT, France

F57: Ultrasound Welding
Device for
Reinforcement of the
Invazive Textile Mesh

Destined to the
Reconstruction of the
Thoracic Wall

A.G. Ene, C.Mihai and
C.Jipa

The Research-Development
National Institute for
Textile and Leather,
Romania

F58: Innovative

Solutions for Increasing
the Performance of the

Education & Learning

Room D
Amane Jada, IS2M, France
Savvas G. Vassiliadis,
Piraeus University of
Applied Sciences, Greece

F38: Applications of
Smart Textiles in
Occupational Health and
Safety

Patricia I. Dolez, Justine
Decaens, Thibaut Buns,
Dominic Lachapelle

and Olivier Vermeersch
University of Alberta,
Canada

CTT Group, Canada

F86 : Collection of
requirements for

teaching in the area of
Smart Textiles

Prof. Manuela Brauning
Albstadt - Sigmaringen
University, Germany

F130: Application of
Make/Use Platform for
Sustainable Fashion
Design

Anda Séerbaka

Riga Technical university,
Latvia

F139: A project to

improve awareness for



12:00
12:15

12:15
12:30

12:30
12:45

12:45
13:00

13:00
14:00

Recovery Finish for
Cotton and Linen

Preeti Arya, Subhas
Ghosh

Fashion Institute of
Technology, USA

Eastern Michigan

University, USA

F112: Knitted Cotton
Fabric Strain Sensor by
In-situ Polymerization
of Pyrrole

G.B.Tseghai, B.Malengier,
D.A.Mengistie, K.A.Fante
and L.Van Langenhove
Ghent University, Belgium

Bahir Dar  University,
Ethiopia

Jimma University,
Ethiopia

F158: Research
regarding

electromagnetic
shielding achieved by
the fabrics support

L Surdu, R M Aileni, R I
Radulescu, L Chiriac
Institute for Textiles and
Leather, Romania

F81:The development of
a printed, stretchable
multi-sensory array for
the simultaneous and
accurate sensing of
differential temperature
and strain

Manoj Jose and Wim
Deferme
Universiteit Hasselt,
Belgium

IMEC vzw - Division IMO-
IMOMEC, Belgium

F42: Introduction of
biochar for the
manufacture of flax

conductive fabrics

L. Marrot, N. Vellguth, J.
Winkelmann, M. Wolf, and
D.B. DeVallance
Renewable Composites
Materials, InnoRenew CoE,
Slovenia
Wilhelm-Klauditz
WKI, Germany

Institut

Lunch + Poster session

reverse Logistics of
healthcare Textiles

Mustapha Ahlagqgach, Jamal
Benhra, Salma Mouatassim
And Safia Lamrani
HASSANII University,
Morocco

CELOG-ESITH, Morocco

F67: Theoretical model
of green supply chain
management
S.Elhidaoui, K.Benhida
Université Cadi Ayyad,
Morocco

F69: Integration of Lean

management for the
growth of Green industry
Kaoutar Jbira, Mustapha

Hlyal, Jamila ElI Alami
University Med V, Morocco
ESITH, Morocco

F14: Synthesis and
application of azo dye on
cotton fabric via sol-gel
T Aaboub, A Boukhriss, O
Cherkaoui, and S Gmouh
REMTEX, ESITH, Morocco.
Hassan II University,
Morocco.

Cutting Equipment for

Textile Subassembly
having Variable
Geometry

C. Mihai, A.G. Ene and
C.Jipa

Institute for Textile and
Leather, Romania

F77: The investigation of
crimp and spinfinish
effects on the processing
behavior of polyaramide
fibers during spinning
process

I. Boughamoura, A.
Sinoimeri and O. Harzllah
Université de Haute-Alsace,
France

Université de Strasbourg,
France

F167: Mathematical and

numerical modeling of
soiling effects of
photovoltaic solar panels
on their electrical
performance

Marwane Rouway, Zoubair
Boulahia and  Mourad
Nachtane

Hassan II University,
Morocco

ENSTA Bretagne, France
REMTEX, ESITH, Morocco

cyber security in smart
textile applications

Prof. Manuela Brauning,
Tobias Scheible
Albstadt-Sigmaringen
University, Germany

F30: CONTEXT, a
European Network to
connect research and
innovation

efforts on advanced
Smart Textiles

Dr. Ariadna Detrell

AEI TEXTILS, Spain

F145: Review of
literature on existing

models about the impact
of Continuous Training
on business performance
Asmaa Moussaid, Mohamed
Tkiouat And Mustapha Hlyal
ESITH, CELOG, Morocco
EMI, Morocco

F165: Erasmus+ Projects
for e-Learning in
Engineering Education
M. Blaga, Z Stjepanovic, I R
Radulescu, B Malengier, A
Dias, P Dufkova

Gheorghe Asachi, Technical
University, Romania

University of Maribor,
Slovenia
INCDTP, Romania
University of Ghent,
Belgium
University of Minho,
Portugal
Textile Testing Institute,

Czech Republic

F62: Adapted sportswear
for comfort improvement
of elite rowers

S. Vasile, J. Cools and A. De
Raeve

University College Ghent,
Belgium
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EXTENDED ABSTRACT
1. Introduction

Electro-conductive textiles or electrically conducting textiles can be used for a wide range of
applications. For example, they can be used in electromagnetic shielding, gas sensing, electrostatic
dissipation, particle filtration, dust- and germfree clothing, and data transferring products [1].
Different technologies exist to produce electro-conductive textiles. Conductive metallic fibres or
metal coated fibres can be incorporated during the weaving or knitting process [2]. However, a major
drawback with the use of metallic fibres is a reduction of flexibility in the resulting textile material.
Another technology consists of coating textiles with inherently conductive polymers [3]. However,
some research suggest that using such polymers results in limited processability and a stiffness
inherent to their electrical conductive properties [3]. Carbon-based materials under different forms (e.g.,
carbon nanotubes, carbon black, graphene, and graphene oxide) have been used as conductive materials
for textiles, either as particles or embedded materials in a matrix [4]. However, these types of graphite
carbon materials remain an expensive and non-renewable carbon resource.

Biochar is a carbon-based material obtained from the thermal decomposition of organic matter, such as
residues and wastes, in the presence of no or little oxygen, at elevated temperatures (e.g., 400-1000 °C).
Since the biomass used to produce biochar requires atmospheric CO2 for growth, biochar can reduce
greenhouse gas emissions by fixing a large fraction of carbon. Biochar displays a wide range of
properties (electrical conductivity, porosity, thermal stability, activated surface area, and ash content)
that can be tailored by the manufacturing process and used as conductive materials within a polymer
matrix [5].

Diverse sources of biomass can be used to produce biochar. Of particular interest, hemp is a plant that
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grows under various climate and soil conditions. Hemp does not require fertilizer or insecticide products
for its cultivation. Available in Europe, dried hemp biomass is estimated to be around 300 000 tons in
2017 [7]. Some research [8] has shown successful results in producing activated carbons to build the
electrodes of supercapacitor cells from hemp stem.

In this study, we investigate the electrically conductive potential of biochar to create e-flax fabrics. For
this purpose, the study will first focus on production of biochar from hemp. The process parameters will
be optimized to obtain biochar with a maximum electrical conductivity. Then we will consider the
incorporation of conductive biochar in a fabric coating matrix. Biochar dispersion in the matrix material
will be evaluated in respect to biochar content. Additionally, process parameters influential to the coating
process will be identified. Finally, we will characterize the electrical and mechanical properties of the
developed e-fabrics and perform a comparison with uncoated fabrics.

2. Material and methods
2.1 Flax fabric substrate

A twill 1/3 flax fabric (440 gsm) that has been manufactured at the Fraunhofer WKI with flax yarns (200
tex) from Linificio (Italy) will be used as the “substrate” material (Figure 1).

Figure 1. Twill 1/3 flax fabric (440 gsm '.

2.2 Pyrolysis of hemp

Hemp stem (shivs and fibres) will undergo thermal treatment in a tube furnace. Several process
parameters will be studied (particle size, gas environment, pyrolysis rate, heating duration and stages,
final pyrolysis temperature). Depending upon the initial testing and electrical conductivity results, some
pre-processing steps and/or multi-step carbonization will be carried out.

2.3 Matrix
The epoxy matrix chosen for embedding the biochar is the Greenpoxy 55 from Sicomin
(bio-content as high as 55%).

2.4 Introduction of biochar in the matrix and coating of the substrate

The biochar particles will be dispersed in an ultrasonic bath prior to being introduced in
the epoxy matrix. The matrix will be homogenized and applied to the substrate with lab
scale coating equipment. The coated textile will then be cured according to the epoxy
supplier specifications.
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2.5 Characterization of electrical and mechanical properties of neat and coated
fabrics Electrical properties of the uncoated and coated fabrics will be measured with a
Metriso 3000.MK device. Tensile tests will be carried out according to the EN ISO
13934-1 standard using a Zwick Roell Z020 universal test machine.

3. Results and discussion

Carbon content, porosity, and electrical conductivity of the resulting hemp biochar
will be evaluated for different pyrolysis processing routes. The biochar with highest
electrical conductivity will be selected for substrate coating.

Different biochar ratios will be incorporated in the epoxy matrix to coat the fabrics.
Results, in terms of homogeneity of coating on the substrate surface (individualization
and distribution of the carbon particles), will be correlated with the electrical and
mechanical properties of the e-fabrics. A comparison with the properties of uncoated
fabrics (Figure 2) will be performed and the efficiency of the conductive coating will be
discussed.
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Figure 2. Mechanical response of the uncoated flax fabrics under tension
4. Conclusion

Conductive fabrics developed in this study combine fully renewable flax fabrics
with a sustainable source of conductive carbon material. Positive results will promote the
further development of solutions for 100% bio-based e-textiles. More efforts remain to be
done on the coating, which is only partially bio-based. The envisioned future work after
the study will then focus on the development of a coating made of bio-sourced polymers.
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