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Work Package 3 : Static and dynamic structuring of membrane
& Mohamed Boutghatin, IEMN Lille

[ Eric Khousakoun, Materia Nova Mons

Work Package 3 and 4 : Static and dynamic structuring of membrane
and filaments

U Marjorie Garzon Altamirano, Umons ENSAIT Mons-Roubaix

U Jozefien Geltmeyer, Ugent Gent

U Muluneh G. Abebe, UMons Mons

Work Package 4 : Static and dynamic structuring of filaments

O Hafiz Muhammad Kaleem Ullah, CETI Tourcoing
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Work Package 3 : Static and dynamic structuring of membrane

Etude de membranes photoniques dans
le MIR pour le confort thermique
individuel

Mohamed Boutghatin, IEMN Lille
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470 persons
** 170 teacher-researchers
¢ 140 PhD students

¢ 90 engineers and technicians
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% 1600 m? of clean rooms
% 1400 m? of laboratories
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Multilayer membrane

Concept

. ~~
Skin ¢/
Ski Ski
PE Au @TiO, _—” Thermal radiation " .

Outer mode Inner mode

__________________________________________________________________________________________________

September 29, 2022 — Closing event 6



w__ Université iiterrey B
de Lll.l.e France-Wallonie-Vlaanderen ZmeEoe™

Multilayer membrane

Morphology and fabrication

PE membrane (thickness =20 pm;

5 % by voulume of TiO,) : Metallization
- ) |
| D
: 20 pm thick PE Deposit of 200 nm thick
: : membrane Au layer by evaporation
!
: Metallization
. m—
|
| 20 pm thick PE- TiO, Deposit of 200 nm thick
: membrane Au layer by evaporation
|

SEM image
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Multilayer membrane

Infrared properties

100 T T 100 1 F i ™
—FTIR p —FLIR )
i - -Simulation l':,"l - -Simulation|
" h
:: h
< 50 E )
< ' <
L 0 1 1 L L
11 15 D 7 9 11 13 15
Wavelength (um) Wavelength (um)

September 29, 2022 — Closing event



@_ Université ifiterrey %
de Lll.l.e France-Wallonie-Vlaanderen ZmeEoe™

Multilayer membrane

Emissivity

""""""""""""""" ' High

. — Thermal camera emissivity

% » Membrane

Skin at 34 °C

Low
emissivity
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Multilayer membrane

Thermal performances

35
22.1°C 221°C 16.9 °C 11.1 °C
Conventional ~~ Conventional 25} {26'5 c ] / N
textile L/ textile g {22-1 °C N
Skin Skin " resec - Skin Skin
{ll'l s Outer mode Inner mode

One working mode Two working modes

KIN O\ ode ode
Bare ™ omal Y gutet M0 ypper
Cow

Thermal comfort zone
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Multilayer membrane

Transfer on a conventional textile

35
A S e {26.5°C
25}
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Multilayer membrane

Conclusion

Multilayer membrane :
O Flexible
0 Easy to manufacture

O Able to maintain the thermal comfort in the range [11,1-16,9] °C

Continuation of the work with ANR-PRCE-POCOMA project (2022-2025)
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Work Package 3 : Static and dynamic structuring of membrane

1. Materia Nova in few words

2. Surface structuring
a. Infrared domain interest
b. Sol-gel process interest

3. Sol-gel process

4. Results from Photonitex project
a. Static structuring
b. Dynamic structuring

Eric Khousakoun, Materia Nova Mons
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20 years 8 Millions € 86 Experts THE TECHNOLOGICAL
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Materials
R&D Center

. . ifiterrey
Materla Nova : I n feW WO rdS France-Wallonie-Vlaanderen iaeitne ™

CREATE NEW MATERIALS

Hybrid coatings
(sol-gels)

Paintings, varnishes, inks

Metallic, alloys and ceramic

coatings

- Biomolecules

Materials

Organic semiconductors

(bio) polymers and (nano)

composites

THE TECHNOLOGICAL ACCELERATOR OF RESPONSIBLE INNOVATION IN MATERIALS AND
PROCESSES
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Surface structuring : interest in
INnfrared domain

%y Ag coating
: 4
B | Mechanical
actuation
Incident Light Incident Light & PDMS
100
Total R%
_ 5 " Reflection R%
| " Diffuse R%
,j 75 B
?:’, _ Mechanical
Fig. 1 Model of infrared mechanism. a Light was incident on the flat film; b on the triangular structures 3 J actuation
& .
o
Ezs e
Wang et al. Nanoscale Research Letters -
(2018) 13:361 02 4
https://doi.org/10.1186/s11671-018-2783-z 1
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Process

Cross-linking under Cross-linking under temperature Cross-linking under UV
vacuum gradient

F4

Gelated film

ALV P A )
N | 2oz ;
o ' [ & .
e - :/
™ 4 .7-..‘
e
o : N BF >

Fig. 3 Two-dimensional and three-dimensional AFM images (6 um x 6 pm) of a, d ZnO-A, b, e ZnO-B, and ¢ f ZnO-C thin films preheated Surfa (,:e Iayer
e e ":"”"“"M’"“"‘““""g m'"“g_" ) /’ Intermediate layer
Navin, K. et al. Applied Physics A, 2015, 121(3), / /" Under layer
1155-1161 “
s ielvui] e DOI 10.1007/s00339-015-9481-9

Accl V =15.0 kV — 3

Substrate

FIG. 1. (a) The geometry of the deformed sol-gel-derived film
on a substrate. (b) Plane SEM images showing representative
wrinkle patterns in the form of skeletal branches for the ZnO film
(film thickness=835 nm) amnealed at 150 “C for 18 h (scale bars are
from left: 50 and 2 pn, respectively). (c) A cross-sectional FESEM
image of the wrinkle patterns of the film. The inset is a magnified
FESEM image of the wrinkled region.

FIGURE 1. Microscopic images of the obtained films. (a) Surface image of nested wrinkles by confocal laser microscopy
(LSCM) and (b) cross sectional image of nested wrinkles by optical microscopy.

Suzuki et al. AIP Conf. Proc. , 2014, 1624, 141-146
DOI 10.1063/1.4900470

Kwon, S. J. et al., Physical Review E, 2005, 71(1).

DOI: 10.1103/PhysRevE.71.011604
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Sol Reactants Solvents
= \ Colloidal
= Colloidal / y——_—
Solution with o f T\ peice /[ vl
!
precursors/solvent/ “v:g\: \| / l
| \ ' Catalyst v
catalyst > s ,
., Tk e S
E = v Q® ® |
= -] L
£ I T =
-]
-]
Gel é g R
- Colloidal suspension of volume V Wet monolith of volume V
Network cross-linking M ) Sol (b) Gel

Ex: siloxane network

The sol-gel chemistry involves two distinct phases: solution and gelation: a sol 1s a colloidal suspension of solid particles,

whereas a gel is an interconnected network of solid phase particles that form a continuous entity throughout a secondary,
usually liquid, phase.

September 29, 2022 — Closing event 18
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1. Preparation of the solution of precursors.

Solution of precursors Ceramic material

2. Hydrolysis and partial condensation of alkoxides to form a

“sol”. = =
. . . . T Heat treatment
3. Formation of the gel via polycondensation of hydrolyzed . | P,
precursors.

4. Drying. The gel forms a dense “xerogel” via collapse of the
porous network caused by the evaporation of the solvent (or an
aerogel for example through supercritical drying).

T Evaporation of the solvent
Wet Gel

= S

Chain growth

5. Calcination to obtain mechanically stable materials.

Gelation

@)-al

—
Hydrolysis Condensation
Siloxane bonds
N
R
R\ R\ \O R\ /O o} /O
[e] o /o\ ./ /O 5 +
Si/ R+ HO =——— @ / + ROH § /SI ' \Si\ e " /"
/ o7 g™ R —0 o’ ) @
R—O R—O R —O /O
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Jnova=. Sol-gel process : deposition methods
Deposition
Dip coati N
Synthesis 'P coating Cross linking

Spin coating

Thermal - UV - ambient

Example : UV exposition

"
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Water
Precursors

Solvent

/ z
{ \ .
\ sy Organic monomers
\_  Anti-Dirt . .
) \_ Anti-adhérent / (h}’brld Coatmg)
.Elea"?al Mechanical
insulation .
properties
| harges
Corrosion Charg
B protection
S Catalysis
Antimicrobial o )
properties (aCIdIC or alkahne)
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synthesis to characterization of the film

Zinc acetate precursors

7t (SeaEs )\\‘ ZAa gl vhed
SU8020 3.0kV 14.4mm x1.00k SE(L)

O

O | Zn?* +2H,0
2

Pictures obtained by SEM at the surface of the film (left by spin-coating and right par spray-coating)

September 29, 2022 — Closing event 2
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Flat

t=0.5 uml 7n0
20 nm Ag

Wrinklling
.
B, 0 (0 4D 41 h=0.2
t=0.5 uml 3 . Zn0 $h=02pm 'l
I — '} 20 nm Ag e
d=5 um

UMONS

Université de Mons

Formulation for lower amplitude wrinkles

Mathematical simulation of

wrinkling structures

Experimental part

1
N ! = = = T wrinkling
Lo ‘\\ = = = R wrinkling
e LG = = = A wrinkling
06 | T flat 3
< A Reflectance < 10% R z
| R rides > R lisse i 2
02 HEI
B A Reflectance < 20%
- 20 . .
0 = R rides > R lisse
500 1000 1500 2000 2500 10
Frequency [cm'1] 2 \
Smooth ’ 5 6 7 8 9 10 5 12 13 14 15
Longueur d'onde (um)
structure

@®Référence @ Sol-gel Rides @ Sol-gel Lisse
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Formulation for higher
amplitude wrinkles

. UMONS

" Université de Mons

i [ BT
SU8020 3.0kV 4.4mm x7.00k SE(U) 5.00um

Evolution de la réflectance avec amplitude rides ZnO

Increasing wrinkles dimensions

September 29, 2022 — Closing event 24



| : : inteireg BB
f H(A)-{IEAFED}S\ Dyn a m I c St r u Ct u r I n g Of m e m b ra n e: France—WaIIonie—VIaandgi B i e

synthesis

I UV irradiation
| ) wrinkle structures

Formulation of hybrid sol-gel based on thermosensible polymer

“;%Q:;i(
! v ) l
silica-polymer hybrid film
Deposition of the hybrid sol-gel layer hierarchical nested
(c) wrinkle structures
Cycles :
Active layer Ag

Flexible substrate

Tokudome, Y., Suzuki, K., Kitanaga, T. & Takahashi, M.

10*10 cm? cutted for Sci. Rep. 2, 683; DOI:10.1038/srep00683 (2012)

. optical characterization
Flexible sample A4 format covered

with a thin layer of Ag (20 nm) | >

1.7

=
2

&
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characterization

Characterization by 3D microscopy

Rz (um) (maximum height of the profile)

Ra (um) (average height of the profile)

T=20°C, HR 70%

hierarchical nested T =45°C, HR 0%

wrinkle structures

Ra=2.3+0.5um
Rz=5.3+0.3 um

Ra=0.4+0.1um
Rz=0.81+0.2 um

=> Study of optical properties with surface modifications

September 29, 2022 — Closing event 26
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~ optical properties in infrared region
On both sides of LCST, 25°C (RH high) and at 45°C (RH low)

Evolution du comportement optique des films sprayés a 20°C (HR haute) et a 45°C (HR faible)

Hybrid sol gel formulation

Refletance

Conditioning at Characterization
climatic with FTIR

Sy

2 3 4 5 6 7 8 9 10 11 12

PIKE

Longueur d'onde (m)

——RA-20° ——RA2-20° ——RA-45° RA2-45°

Between 3.5 um and 5.5 pum (IR regions), different of optical response between « smooth » structures and « rough »

structures => dependance of the dimensions of wrinklings structures

September 29, 2022 — Closing event 27
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NOVA::- Conclusions & Perspectives

Q Static wrinkling structures by sol-gel process on membrane:
* Nanometric and micrometic wrinklings structures could be obtained by solgel process by spray or spin
deposition
* Proof of concept that the wrinklings (# smooth structures) structures have an impact on optical
response in infrared region
* Experimental part could be fitted by modelisation

O Dynamic wrinkling structures by sol-gel process on membrane:
* Hybrid solgel containing a organic thermosensible part could be synthesized
» Spray deposition could be achieved on A4 flexible substrate (Pl covered by Ag)
» Surface structure evolved with T and RH (Ra, Rz)
* Optical response (Reflectance) in infrared region evolved with T and RH

» Others properties of sol-gel in membrane needed to be evaluated

» Applications on fibers

September 29, 2022 — Closing event 28
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Work Package 3 and 4 : Static and dynamic structuring of membrane and filaments

Design of dynamic hydrogel-based materials
for near-IR thermal management fabrics

Laboratory Of Polymeric And Gemtex
Composite Materials Textile Research Laboratory

UMONS sms ensait gemtex

Université de Mons

Marjorie Garzon Altamirano, PhD student

September 29, 2022 — Closing event 2
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France-Wallonie-Vlaanderen rorsstone

Laboratory Of Polymeric And Composite Materials

UMONS  @iauis

Université de Mons

Projects
Research
Natural, reborn and eco-friendly polymers Hiterrey B [lj I P U
France-Wallonie-Vlaanderen firest e - RS TR
Sustainable Polymer materials & related —

(Nano)composites LOW
Macromolecular Engineering il ltﬁflbg - B

oN

France-Wallonie-Vlaanderen fiteecs

Reactive extrusion and Eco-friendly processes

Adaptive Polymeric Materials & Additive Manufacturing 3 D4M ED S:r E L LA R

September 29, 2022 — Closing event
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France-Wallonie-Vlaanderen elrorese unie

Gemtex: Textile Research Laboratory

ensait

Research Projects

1. Multifunctional Textiles ans Processes

r

Digital Fashion Project

Collaborative Online International Learning in Digital Fashion

DROMOS

. Nanostructuration of textile materials

»  Surface treatments of textile structures

2. Mechanics Textile Composites

. Ballistics

*  Textiles reinforced composites

3. Human Centered Design

*  Sensory design into design processes Interreg 1N Syt

*  Smart and multifunctional textiles @LEANTEX ;’/‘ -

September 29, 2022 — Closing event 77 5
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: ez ECOLE D'INGENIEURS TEXTILE LABORATOIRE DE RECHERCHE TEXTILE
Université de Mons

Design of dynamic hydrogel-based materials
for near-IR thermal management fabrics

Photonic dynamic structures Design of thermoregulating
textiles

Pure fabric Coated fabric

September 29, 2022 — Closing event 32
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: ez ECOLE D'INGENIEURS TEXTILE LABORATOIRE DE RECHERCHE TEXTILE
Université de Mons

Designh and demonstration of dynamic self-structuring
nembranes in the modulation of infrared radiation reflection

Free radical photo-polymerization

O J\ N 0 N O o)
\)L " \)LOH \/lk NTN Jv
H H H
N-isopropylacrylamide Acrylic acid

N,N’-methylenebisacrylamide

Design of hydrogels composite:

P( . AA)/SO 9 Q ﬂ Si0, nanoparticles
e

Photo-polimerization

TPO - Photoinitiator
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: ez ECOLE D'INGENIEURS TEXTILE LABORATOIRE DE RECHERCHE TEXTILE
Université de Mons

Design/and demonstration of dynamic self-structuring
membranes in the modulation of infrared radiation reflection

Infrared responsive: SiO, effect 25 35 €

—e— p (%) between 5-15 um =

- 4— Distance between silica (um) (7))

- 3,0 o

20- 0

t

-2,5 @

Q.

15 - 6‘

:\o\ - 2,0 u_)
~

Q 15 &

10 - ~ D

3

il

-1,0 @

o]

5 - (]

Lo5 2

| ©

e

(7))

0 J T T T T T T T T 0,0 6

SiO, particles (%)
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: ez ECOLE D'INGENIEURS TEXTILE LABORATOIRE DE RECHERCHE TEXTILE
Université de Mons

Design and demonstration of dynamic self-structuring
membranes in the modulation of infrared radiation reflection

Infrared responsive:Relative humidity effect

40 5__ 30
0% RH 90% RH —0— p (%) between 5-15 um g_ I
| |- m- Distance between SiO, particles (um) T =
--A R, (um) II ] 43 - 25
30 - Q|
5
o [ 20
-3 «~ | —_~
0 o E
o220 - 0 L1s3
50 " Q -20
E 0% Relative humidity (20°C)] [ 90% Relative humidity (20°C)] E - 10
 — m
—_— 60 -
5 S 10 - Q
3 > o L1 8
c Qo - -
[ c c 3
g_ S a0 ﬁ
& g 2
o = 30 Q
;E g 0 T T T T T 0 -0
< §a 0 45 60 75 90
(14 K .
10 4 L) " "
Relative humidity (%)
0 1 é :; 4" 5 ’ -0 1 2 3 4 5 6 7
Distance between SiO, particles (um) Distance between SiO, particles (um)
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Unlverqiqe Ge Moqs ECOLE D'INGENIEURS TEXTIL

Relative frequency (%)

B
o
1

@
S
L

]
S

-
o
1

o
!

LABORATOIRE DE RECHERCHE TEXTILE

interreg

UNION EUROPEENNE

France-Wallonie-Vlaanderen elrorese unie

Design/and demonstration of dynamic self-structuring
membranes in the modulation of infrared radiation reflection

Infrared responsive: Temperature effect

40

o

—0— p (%) between 5-15 um
| |- ®- Distance between SiO, particles (um)
. A ‘Ra (um

[ 60% Relative humidity (20°C)] [ |50°C (60% RH)
60 |
S
o]
(3]
c
8 w0
o
o
Y= 30 ]
(]
£ LCST
20
% 20 | . I ! I ! | 4 I 8 1 g I
=l 20 25 30 35 40 45 50
: : : : . Temperature (°C)
1 2 3 4 5 0 1 2 3 4 5
Distance between SiO, particles (um) Distance between SiO, particles (um)
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H L~ s o MAmeme L ECOLED'INGENIEURS TEXTILE LABORATOIRE DE RECHERCHE TEXTILE
Université de Mons

Design and demonstration of dynamic self-structuring
membranes in the modulation of infrared radiation reflection

Thermal behavior:

Skin temperature: (32,8 + 0,1)°C

September 29, 2022 — Closing event 37
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: ez ECOLE D'INGENIEURS TEXTILE LABORATOIRE DE RECHERCHE TEXTILE
Université de Mons

Design of dynamic hydrogel-based materials for
near-IR thermal management fabrics

hotonic dynamic structures Design of thermoregulating

textiles

Pure fabric Coated fabric
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ECOLE D'INGENIEURS TEXTILE LABORATOIRE DE RECHERCHE TEXTILE

Université de Mons

Application of dynamic systems based on SiO, with infrared
response in commercial fabrics

Dip-coating process

A

L L

2

Drying process A

&/ - oS
Drainage process o 50°C, 24h
30 sec Under N,

=

—

Photopolimerization
Ultraviolet light
34 mW/em?
Exposure time: 1 min

Coated fabric

Pure fabric

Dip-coating process
1. P(nipam-co-AA) 5%AA
2. P(nipam-co-AA) 5%AA + SiO, 3
Time: 1, 3 and 5 min

September 29, 2022 — Closing event 39



UMONSSiMPiensait gemtex interreg

LABORATOIRE DE RECHERCHE TEXTILE
ECOLE D’ ING[N EURS TEXTILE
Université de Mons

Appllcatlon of dynamic systems based on SiO, with infrared
response in commercial fabrics

Infrared responsive:
Size and wt% Si0, effect

PA 6-6 pure fabric

35

4»

30

25 ®

p (%)

® (F) + P(NIPAM-co-AA) (P) + SiO, (100nm)
A (F)+ (P)+SiO, (150nm)
v (F)+ (P)+ SiO, (200nm)

20

15

B PA 6-6 pure fabric (F)

10 T T T T T E T s T ' I
0 10 20 30 40 50
SiO, particles in coating dispersion (wt %)
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France-Wallonie-Vlaanderen elrorese unie

Université de Mons

Application of dynamic systems based on SiO, with infrared
response in commercial fabrics

Thermal behavior:

30,8°C

PA 6-6 pure fabric

Temperature
Sample between skin
and fabric(°C)
PA 6-6 pure fabric 311
Coated fabric 333 B 28°C
Coated fabric

September 29, 2022 — Closing event 41
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Work Package 3 and 4 : Static and dynamic structuring of membrane and filaments

GHENT
UNIVERSITY
IN GHENT
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GHENT France-Wallonie-Vlaanderen elrorese unie

UNIVERSITY

Ghent: Medieval city
263.600 inhabitants
76.500 students
167 nationalities
1.400 restaurants & cafés
3.600 startups per year

Bron: gent buurtmonil hboard
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UNION EUROPEENNE

GHENT France-Wallonie-Vlaanderen st one

UNIVERSITY

CTSE WITHIN UGENT

Other faculties

Other departments

Faculty of
Engineering and Other groups Education

Architecture Department of
Materials, Textiles
and Chemical
Engineering Centre for Textile
Science and Research
Engineering (CTSE)

Services to industry

Prof. Karen De Clerck
Director of CTSE

Polymer Advanced Fibre Model-Driven Design of Smart Textiles & Mechanical
Engineering Materials Textile Structures Textile Technology
Prof. Dagmar D’hooge Prof. Karen De Clerck Prof. Lode Daelemans Prof. Lieva Van Langenhove
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————— Chemicals ——— Processing ﬂ Fibers ——

~

L

IexXLuiie
materials

i Nanofibres ‘

Fibre and filament

= extrusion

Yarns, fabrics and

Technical textiles non-wovens =

Artificial turf

\
b \ Y
A \
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France-Wallonie-Vlaanderen Zeue™

ELECTROSPINNING OF NANOFIBERS AT GHENT UNIVERSITY FOR
VARIOUS NOVEL APPLICATIONS

Electrospinning of nanofibers

https://www.youtube.com/watch?v=K Nf3MAUyzk

September 29, 2022 — Closing event 46



GHENT
UNIVERSITY

UNION EUROPEENNE

‘\ France-Wallonie-Vlaanderen elrorese unie
ALY

i} N — mfiLterrey

5 Very fine diameters: < 500 nm

!

..

p, 2

Small pore sizes
High porosity
Large specific surface area
: X" \ ’/

£
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SHF\I’\ERSWY France-Wallonie-Vlaanderen et

VARIOUS MATERIAL MORPHOLOGIES CAN BE OBTAINED BY
ELECTROSPINNING

-

__.: ,fu_._ < )
.:;L’Q ia
L&

35 3

From nanofibers over nanobeads
From random to oriented structures

From solid to porous to hollow structures
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GHENT
UNIVERSITY

THE BASICS OF ELECTROSPINNING

Polymer
solution

mw.

Pump
Taylor cone
Needle
High
voltage
Polymer jet :
Nanofibers
Process parameters Solution parameters Ambient parameters
Flow rate Molar mass polymer Humidity
Tip to collector distance =~ Conductivity polymer solution Temperature
Strength electrical field = Surface tension polymer solution
Collector type Polymer concentration

Polymer solution viscosity

September 29, 2022 — Closing event
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'UNION EURO!

PEENNE
EUROPESE UNIE

ELECTROSPINNING SYSTEMS AVAILABLE AT CTSE

From lab-scale mononozzle to semi-industrial continuous production

Lab-scale

mononozzle

Rotating drum Semi-industrial
setup multinozzle

Production of nanofiber based media
- As rolled goods with or without substrate
- With grammage between 0.05 - 100 g m
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GHENT France-Wallonie-Vlaanderen st one

ELECTROSPINNING EXPERTISE AT CTSE

Electrospinning of organic nanofibers

~=~- ADVANCED
\ , /MATERIALS

- ADVANCED {
iy~ o TERALS
P MATERIALS

S |

Sensors ‘Green electrospinning’ Drug delivery Wound dressing
& electrospinning of biopolymers

Electrospinning of inorganic/ceramic nanofibers

T/c % £ \% \ Particulates, colloids, =~ ADVANCED e Reactants
i o ?)&3« %, \ @\ bacteria,... UNCTIONAL l;[
o.\l/o\|/o\ o % Mm A Clean
L vater
”/°\s:l/° 0\%‘/0\%/U\%/0\ ‘ i
\/c\l/o o o o Waste
) ) ( r Waler ). Products
\T/ ~ Cathode Anode
S
Filtration Separation of Electrochemical Catalysis

heteregenous azeotropes separation
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UNIVERSITY

PHOTONITEX - SELF-STRUCTURING MEMBRANE VIA ELECTROSPINNING

Design: Metal island fabric

= Ly
Heating Cooling

Top layer: thermoresponive membrane
Bottom layer with high emissivity

Thermoresponive membrane produced via
electrospinning of thermoresponsive polymer
September 29, 2022 — Closing event 52
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UNION EUROPEENNE

GHENT France-Wallonie-Vlaanderen tirorest one

UNIVERSITY

PHOTONITEX - SELF-STRUCTURING MEMBRANE VIA ELECTROSPINNING

ZIn UV crosslinking

-
- -a

Electrospinning of thermoresponsive membranes

1 week

Thermosensitivity and
waterstability

o Yol i

Ag deposition via CVD to tune IR reflectance
September 29, 2022 — Closing event 53
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PHOTONITEX - SELF-STRUCTURING MEMBRANE VIA ELECTROSPINNING

= Agdeposition via CVD to tune IR reflectance

100

3 w0
C

2 4 6 8 10 12 14 18 18 20

Wavsengt Experimental validation

Reflectance (%)

Design: Metal island fabric

Heating Cooling
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France-Wallonie-Vlaanderen

Work Package 3 and 4 : Static and dynamic structuring of membrane and filaments

Dual-mode
thermoregulation with passive
photonic textiles

Muluneh G. Abebe, UMons Mons
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Micro- and Nanophotonic Materials Group

New physics if wavelength ~ size of structures

Fundamental photonics
2 research directions —

T

Applied photonics

Bjorn.Maes@umons.ac.be
www.umons.ac.be/nanophot

Matériaux

Micro- et i
Nano-

photoniques !
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Université'de Mons

Fundamental example: Applied example:
Higher-order interactions Adaptive textiles
‘Forbidden’ transitions possible! Always comfortable

New simulation methods needed...
September 29, 2022 — Closing event 57



UMONS

Université'de Mons

Modelin'g approaches

' Analytical
Coupled-mode theory

Y\

Resonance Resonance

1 2

Floquet-theory
Fluctuational electrodynamics
Etc.

iterrey

France-Wallonie-Vlaanderen &k ™

Simulations
Electromagnetism (Maxwell)

R TIY NU7TY

Macroscopic QED

Monte-Carlo
Ftc Bjorn.Maes(@umons.ac.be

www.umons.ac.be/nanophot
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Université'de Mons DeSig n direCtions

Incident radiation

\

Transmitted radiation

Transmission/Reflection modulation
Skin Textile Ambient

Transmission

Reflection /
\ /
’ —— mm——) /
ﬁ

Radiation 7 .\\>

Micro-climate

Reflected radiation

miterrey

UNION EUROPEENNE

France-Wallonie-Vlaanderen elrorese unie

Absorption = Emission

Il

Emission modulation

Skin

e
ﬁ

Radiation

Micro-climate

September 29, 2022 — Closing event

Textile Ambient

Emission
\\’
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Transmission/reflection/emission modulation

Transparent

Change
appearance

Male m2
(relaxed) 4 ; (excited)
’. '.' - 4
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e France-Wallonie-Vlaanderen
niversité de Mons

Transmission modulation

« Metallic micro-wires

* Metallic micro-particles
Emission modulation

e Janus-yarn
« Metal islands using electrospun layers
» Surface wrinkling structures

September 29, 2022 — Closing event 6l



UMONS Metallic micro-wires

Traditional textile (static) Thermoregulating textile (dynamic)

A single mode Heating Mgde Cooling Mo.de
Cold ambient Hot ambient
High IR
IR 2 A 2 A A A A transmission
transmission A <4 A > LOWIR. . 2 i 2 £ B g
g o transmission >, = _,:_j‘ ::; }f-}fj ::57
o .‘- ' s
/ o=
A
~ c% Shrunk polymer
eg beads xpanded polymer
beads
* Limited heating or cooling. . polymer beads shrink « Polymer beads expand
* Low IR transmittance * High IR transmittance

* A wide setpoint temperature window of 16 °C is achieved.

* The textile user is comfortable between 9.5 °C and 25.7 °C

September 29, 2022 — Closing event

Ambient Setpoint [°C]

1iiterreyg

UNION EUROPEENNE

France-Wallonie-Vlaanderen elrorese unie

Simulated geometry

TE .
H § N
\\ yad \.\
K —F--{ )
™ S i \t‘: """ vy
Ea \‘\ // ;
I (G e
-y )
oy . Perfect electric
z conductor
” d [um]
18
Bare skin
16
25 A 14
Traditional (cotton) textile .--/
__________________ 12
L]
20 . {\(' 10
o
e 8
Q
15 6
b 4
10§ v 1 2

0 02 04 06 08 f
(Integrated transmittance)

Abebe et al. Phy. Rev. Appl. 14, 044030 (2020).
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niversité 'de Mons

Transmission modulation

« Metallic micro-wires

* Metallic micro-particles
Emission modulation

e Janus-yarn
« Metal islands using electrospun layers
» Surface wrinkling structures

September 29, 2022 — Closing event 63



UMONS Metallic micro-particles e e
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Heating mode (Cold ambient) Cooling mode (Hot ambient) Single particle Particle cloud
Low IR transmission High IR transmission Reflection
A A yi \ i / Photon packet
A A A
4 : i $ ¢ § - o o o Q t
= A i : i p
Forward —".4___ % 4 ) ) 9 (") Q t
scatteringwt 9"*; 22983 5 A Forward-:-s / - 3 2 Q
N a"d?ao 233, P scattering T ‘3 J 5 & ga 3 : o o Sbeoraion
e e " IWINeS o 3
Human body Back ¢ ¢ 4 Ec?;t't(g?r:d by \ Transmission
IR radiation ~ Scattering Human body : 9
IR radiation

Volume fraction fv

0.05
o
[e]
o
o
o
TCooling 0o°o

N
D

=
Polymer shrinks.
Particle volume fraction increases.

High IR reflection.

* Polymer expands.
» Particle volume fraction decreases.
* High IR transmittance.

0.04

N
~

o
E
8_ 10.03
$ 22 Natural comfort zone |
= 0.02
220t
i . . . L. e Heating 0.01
 Particle density (volume fraction f,) determines the radiative heat transfer. < 5|
. . * ‘ : 0
« Setpoint window of 7°C (from 18°C to 25°C). 02 04 06 08 1

T

Abebe et al. Nanoscale 14, 1421-1431 (2022).
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e France-Wallonie-Vlaanderen
niversité 'de Mons

Transmission modulation
 Metallic micro-wires
* Metallic micro-particles
Emission modulation

e Janus-yarn
« Metal islands using electrospun layers
» Surface wrinkling structures
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UMONS Janus-yarn for passive dual-mode textile rence-waionic-visanseren sz

Traditional textile Janus-yarn textile _
Heating or Cooling . . Simulated geometry
Cooling mode Heating mode Poroct oo
conductor . s|c
N\
High IR emittance Low IR emittance |« /
E : N E
;Fllp: ™ LI g ht e
Symmetric € . —- : L p
High € Low £ L
Low € High €
Body IR radiation 8 2 TCooIin *£,=074 _A
E ° O
Skin _.8.20 I Natural comfort zone | g
One Mode . o @ =
- Heating or cooling. * Dielectric fibers face « Metallic fibers face = l Heating .
« Mainly controls thermal the outside the outside. S 15 >
conduction. * High IR emissivity. * Low IR emissivity. = &
g, = 0.017 ()
SN v
10 : : : :
0 02 04 06 08 1

. \ Emissivitty
* The textile user is comfortable between 11 °C and 24 °C.

Abebe et al. Phys. Rev. Appl. 16, 054013 (2021).
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niversité 'de Mons

Transmission modulation
 Metallic micro-wires
* Metallic micro-particles
Emission modulation

e Janus-yarn
« Metal islands using electrospun layers
» Surface wrinkling structures
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Heating mode Cooling mode Single nanowire Nanowire cloud
: - Photon packet
Low IR emission High IR emission s
8 ‘: 4
& s £ ¥
é\ﬁlr
it . Y
Carbon 'f,l.ber 3
5 O TRE 7 SR : Experiment
N o GRS~ PN 1 T —— YTransmission
S¥in IR emission Skin IR emission i} _ _
—_ A Ewxideal and theoreticale
0.8 O 25 .
«  Small surface area = o i
» Large surface area ma : - = experimenta
+  Low effective emissivity * High effective emissivity _%° g
1"‘ Ii"““bﬁ ‘Ihll‘ —r 20 b
oald b, o ] 8 =03
i ey mbunmeuau A VA Y o tal
Heating mode Cooling mode /" TV .| = k experimenta
0.2t simulation / [/ Y[ r En=02
AN 5191 theoretical
axperiment a
9 £
- 5 10 15 20 2 ke ideal £,=0.98, & =0.3,C(0.211)
oA Wavelength (um) 10 LEen 08

0 0.2 0.4 0.6 0.8 1
881’!

Setpoint window of 6°C (from 19°C to 25°C).
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Transmission modulation
 Metallic micro-wires
* Metallic micro-particles
Emission modulation

e Janus-yarn
« Metal islands using electrospun layers
» Surface wrinkling structures
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Design Working principle

Heating mode Cooling mode Experiment
Low IR emittance High IR emittance ——Wrinkle —— Planar
y % 1
{ ZnO
>
g >
| 205
" E
w
.
— Body IR radiation 0 .
5 10 15 20 25
Sk— Wavelength (pm)
Setpoint temperature
Heating mode (Cold) Cooling mode (hot) 25
* Flat surface (less wrinkling)  » Wrinkled surface (more wrinkling) .
* Low IR emissivitty * High IR emissivity 20

-
(&)

L
|

Si02 ZnO PDMS TiO2

Tempeerature Setpoint (°C)
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Work Package 4 : Static and dynamic structuring of filaments

Development of a Smart Textile to Improve Thermal Comfort

Hafiz Muhammad Kaleem Ullah, PhD student

September 29, 2022 — Closing event 7
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oes TEXTILES QJ_N/OVANTS |I

PHOTONITEX

Center of Eg-,iropean for Innovative -
Textiles |
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o

CS@O HILeIrTey

Seven pilot platforms for R&D, prototyping & industrialization

ON DEMAND FILAMENTS YARNS & SPUNBOND DRY TEXTILE TO SORTING AND
DESIGN & & FIBRES FABRICS & PROCESS TEXTILE DISMANTLING
PRODUCTION MELTBLOWN g NONWOVEN RECYCLING

NONWOVEN

FROM GOODS TO MATERIALS

September 29, 2022 — Closing event 7
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7 Coverage - World class network

ST AP LY EILING 1Ry ET s

»

Goperion

CIRFS

T i .
i , ' :
o
s - -
et
EUROPEAN MAN-MADE

FIBRES ASSOCIATION - %nu aCture

~edana ANDRITL
IVGT

HILLS ne.

EuraMaterials ~ #» techtera LECTRA
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The staff

The students

1iiterreyg

France-Wallonie-Vlaanderen rorsstone

ENSAIT,

French Grande Ecole, one of the leading textile schools in Europe

|||||||||

40 Teachers
22 Engineers and technicians
33 Administrative staff

426 Engineering students
367 in initial training

59 in apprenticeship

57 PhD students

Library 2018/2019

75
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ROUBAIX

LABORATOIRE DE RECHERCHE TEXTILE GEMTEX Laboratory WWW.,Qeml‘ex. ﬁ"

 Professors 1 2

Assistant
Professors |

2019 PhD
5 7 students

RDI Programs
since 2013
Technicians O
& . .
engineers Created in

1 2 Patents since 2013
Temporary 1 9 9 2

Teacher . Erasmus Mundus
Director

Researchers Program
Pr. Xiany1 ZENG

Fields of application:
aeronautics, transport, medical, wellness, sport & leisure, construction, clothing, ....

76
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LABURATO]RERD?EEBCﬁL)éCHETEXTILE The Skllls Of the MTP group

MULT,

Complex systems with functional properties e,

Sustainable development
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*
* ok

What is Multi-component Fiber

» Multi-component fiber is made of two or more materials
4

extruder B
Y AR

extruder A extruder C

! .
TR —y. |, S V\!hy multi-component
o neo neo (@O][@O][00] < Fibers?

T.("0)

spinning pack
Ts (*C)

polymer pellet feeding

l

cold air

b » Exploit capabilities not existing in either polymer alone
bundle of filaments
=
relaxation roller » Bring multi functional properties in a single fiber
sizing
drawing roller bobine . . .
» Expand the range of possible applications
. ] » Improve the materials performance for specific needs
Types of Bicomponent fibers
B
A & % @ Dasdemir, M., Maze, B., Anantharamaiah, N. et al J Mater Sci 47, 5955-5969 (2012). https://doi.org/10.1007/s10853-012-6499-7,
Polyester/Nylon Composite Microfiber Yarn DTY - Guangzhou BaolJia Synthetic Fiber Co,Ltd (ecplaza.net), Ayad (2016,
Side-by-Side Sheath/core Tipped Segmented-pie  Islands-in-the-sea

L’UNIVERSITE DES SCIENCES ET TECHNOLOGIES DE LILLE Ecole doctorale des Sciences Pour I’Ingénieur

September 29, 2022 — Closing event 8
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Introduction to Materials

Material Development | > Fiber Development

» Polymer A*/B*

» Commonly used in textiles
Immiscible to each other n w
poor interfacial adhesion

Tipped Trilobal bicomponent fiber

Complex geometry
involves
| _ t
Brlli_!vfrantule\ufPLA sheath, : L ; . CompleX rhe()logy - “’ (o ’/_ - -
e S _
Poor performance h R Moisture
Pt W Wetting
Fiber splitting R
ﬂ FIBicross sectﬂi:m .iﬁ[s,ﬁfiﬁ

Ad&iition of C* A = Polyester
B = Nylon
C = Adhesion promoter

Impr(lved adhe\}\)n l:kt\wée\n polymer A and B Dynamic Thermal Comfort

Dasdemir, M., Maze, B., Anantharamaiah, N. et al J Mater Sci 47, 5955-5969 (2012). https://doi.org/10.1007/s10853-012-
6499-7, Polyester/Nylon Composite Microfiber Yarn DTY - Guangzhou BaolJia Synthetic Fiber Co,Ltd (ecplaza.net), Ayad
(2016, L"UNIVERSITE DES SCIENCES ET TECHNOLOGIES DE LILLE Ecole doctorale des Sciences Pour I’Ingénieur

September 29, 2022 — Closing event 7
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Context Objective

UNION EUROPEENNE
EUROPESE UNIE

Steps Towards Innovation

Solaf radiations
Body radiations

Fabric

B+ skin

Sheath/core

/~ N\

Fabric

(. Compounding

Wl Materials
Development

NS

Material
@ | Testing

* Rheology via
capillary Rheometer

.

(« Multi-component
melt spinning

_ Fiber
production

September 29, 2022 — Closing event

) [iber Testing

* Mechanical
Analysis

» Thermal Analysis

* Morphological

L Analysis

(« Final bico fiber via
multi component
melt spinning

@l Final Fiber
production
)

@ Construction

* Knitting Fabric
Construction

N

\
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ROUBAIX France-Wallonie-Vlaanderen
e TEXTILES INNOVANTS
LABORATOIRE DE RECHERCHE TEXTILE

Materials Development

September 29, 2022 — Closing event 81
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method

France-Wallonie-Vlaanderen &&nsone "

EUROPESE UNIE

> Polymer Extrusion Material Development
> ‘Phlymer mixing » Bi-component melt-spinning
C Hopper A Hopper B
. ﬁ Gear - pump A Gear - pump B ﬁ
) Polymer pellets feeding > B = j A
o@ ... h ’—:L LT T TR ool ™ Yool T T T T T 77 D
°0 a8 — » C Extruder A : Extiuder B
xﬂ'} YUY Spinneret Strands of polymer melt ' | I‘ Pelletizing &ikiviing oad
. /77 / Filament
YO R ELE
ooo no. of filaments in yarn =36
VUDVLVLLY sus » By tC,, w/w
i
HARAR \ > BgtCiswiw
T . T T Polymer pellets Winder d > Asy/Bs
Co-rotating twin screw extruder Cooling water bath  pyyip > A /(B+C..)
g 50 5%)50
> As/(B+Cip0,)s0
> Aso/(B+Cisu,)s0

A = Polyester
B = Nylon
C = Adhesion promoter

Fakirov S, Stribeck N, Apostolov AA, Denchev Z, Krasteva B, Evstatiev M, et al. ] Macromol Sci - Phys. 2001;40 B(5):935-57
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Tensile Testing

Influence of Adhesion promoter on tensile strength of A/B bicomponent filament yarn

3
25
1.
0.
0
B

9]

—

7]

45 : - Asp/Bsy Ag/(B+Cs0,)s9 Ags/(B+Cy0,)s5
Experimental conditions : : ' g R e
4 Load cell =100 N - ' :
Gauge length =250 mm ' ! S/ g R ( A
35 Test speed = 250 mm/min - .- |/ Dso\ floe
. No. of tests = 10 , ‘o 50\° ,, \ : ‘:'{ \
§ 5 - 1500
V4
=2
e
£,
]
=
-5}
| I I

Asy/Bs A5/ (B+Cse, )50 Agy/(B+Cqg04)s0
Asg/(B+C50,)50
» A/B :Tenacity decreases due to poor interfacial adhesion

» A/B+C: Tenacity tends to increase as C ratio increases= improved interfacial adhesion
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TEXTILES INNOVANTS ROUBAIX France-Wallonie-Vlaanderen cirorest une
o .~  LABORATOIRE DE RECHERCHE TEXTILE

Fiber Development
for
Thermal Comfort Textiles
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> Polymer A/B — A
» Commonly used In textiles
B+C
CETI Multicomponent melt spinning

Virtual Extrusion Laboratory™
Involved parameterﬂ m -

3D FEM simulation

Nature and grade of polymers @

Flow rate ratios of polymers
Process optimization
Viscosity ratios

Extrusion and spinning temperatures of polymers @

Adhesion of polymers together Fiber development

g Experimental time and energy consuming process

September 29, 2022 — Closing event 85
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Simulations Vs Experimental results

Influence of polymer ratio

U A
one L Toned | Eone3 [ g
L9 nia g

Simulation predicts more encapsulation

The spinneret exit shape of cross section is not observable M ratio of B I B quantity at exit

™ encapsulation of B

September 29, 2022 — Closing event 86
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Simulations results

Influence of increasing A

tem peratu res
A4OBGO 1000
, Poe— B
'§ | /. ‘ E 2&
3 A
A A 255°C A 310°C "
B 245 °C B 245 °C B 245 °C Shear rate (s")
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Simulations results
Influence of increasing B

tem peratu res
A4OBGO
" a ‘a/ B
:g | /. 2 a :
5 A
A 290°C A 290°C A 290°C .
B B 245 OC B 250 OC Shear rate (s”)
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Results and Conclusion and I
analyses prospectives

France-Wallonie-Vlaanderen rorsstone

Material Development Fiber Development

l N I

> Increased cohesion

» Immiscible

» Poor interfacial molecular interaction . . . .
» BETTER interfacial molecular interaction

» Low mechanical properties . .
Pros pects » Improved mechanical properties

» Bring multi functional properties in a single fiber
» Expand the range of possible applications

» To improve the materials performance for specific needs
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Results and

Conclusion and [ | | l, e r ' es

Context
prospectives

UNION EUROPEENNE

analyses France-Wallonie-Vlaanderen elrorese unie

Material Development | > Fiber Development | > Fabric Development

Solar radiations

Fabric

Body radiations

'* Body radiations
Fabric et

Skin

A
‘Q;E “"w‘&i\‘ \’éfx

R

Thermal comfort Textile

A

B+C

Inside the die Extrudate

Post extrusion simulation in progress Under development
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Thank you for your attention

f MATERIA
) NOVA .

jINiA HE!

UMONS

Université de Mons

28

ENTRE EUROPEEN
e TEXTILES INNOVANTS
N

T

UNIVERSITEIT
GENT

Université
de Lille

1iiterreyg

NNNNNNNNNNNNNNN

France-Wallonie-Vlaanderen elrorese unie

ECOLE D'INGENIEURS TEXTILE

@[ EuraMaterials

91



