QTIL FASERFORSCHUNG

/ DEUTSCHE INSTITUTE FUR
/' TEXTIL+FASERFORSCHUNG

‘Self-cooling Textiles™= 7 '
Energy- free Method usmg Radl ti




Europe’s Largest Textile Research Center

Key Figures 2023

Dl

DEUTSCHE INSTITUTE FUR
TEXTIL+ FASERFORSCHUNG

e,

Sales Revenue

18,9 m € public
9,3 m € industry

Employees
approx. 220

ITVP approx. 40 ITVP approx. 6,9 Mio. €
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Area Research Partners Services
25,000 m? 132 public 1496 enterprises approx. 100

test customers
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583 industry 81 % SME
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Textile Vertical Integration

TEXTIL+ FASERFORSCHUNG

FROM MOLECULES TO PRODUCTS
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Fibers and Yarns Fabrics Functionality Product
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RESEARCH FIELDS

New Materials Lightweight Construction Sustainability Digitalization Health
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Motivation

Climate Change | Increasing demand for sustainable cooling solutions

Future experiences depend on how we
/ address climate change
Future emissions

1900 1940 1980 L |scenarios: 2060 2100

| | | _
| Warming continues
beyond 2100
intermediate

2011-2020 was ca. 1.1°C
warmer than 1850-1900 j

In accordance with: SYNTHESIS REPORT OF THE IPCC SIXTH ASSESSMENT REPORT (AR6) Summary for Policymakers

&OC Global temperature change above 1850-1900 levels

0 05 1 15 2 25 3 3.5 4
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Development in radiative cooling| From nighttime to daytime cooling

persian ice houses ,Yakchals" SkyCool Systems
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Energy-free cooling | How can we achieve sustainable cooling via textile applications?

X High energy consumption Development of an adaptive and resource-saving
V cooling coating for technical textiles using
radiative cooling.

x Production of additional waste heat and
CO, emissions

b3

oz

HTC - Wiirzburg

https://www.geo.de/natur/nachhaltigkeit/19353-rtkl-teufelskreis-wie-
klimaanlagen-das-klima-aufheizen
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Stay cool in the hot desert: D ‘—‘ [
Silver ant Cataglyphis bombycina XTI FASERFORSCHUNG

one of the land creatures best adapted to high temperatures

« Habitat: Sahara, Sinai and deserts of the Arabian Peninsula
« > 50°C daytime temperatures

» Silver ants come out of their nest at lunchtime to look for
heat-stricken animals

* |n order to survive under these conditions, silver ants need
effective heat protection
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Stay cool in the hot desert: :) |—‘ [
Silver ants — cooling by specific hair geometry XTI+ FASERFORSCHUNG

+ Internal total reflection — Depending on the angle of incidence, the light is
completely reflected back

« At longer wavelengths in the mid-infrared, the reflection through the hair
structure decreases - emission power increases, so that more heat can be given
off

(b) -

Total internal reflection

Incidence angle increases

LZ1

Total internal Reflecion.

a) Ray-tracing model of a triangular hair - light enters through an upper surface; is totally reflected at the basal plane and
emerges through the opposite top.

b) Schematic representation of the interaction between visible/NIR light and a hair at small (1), medium (ll) and large (lll)
angles of incidence. The wavy top two facets can enhance diffuse reflection in the ultraviolet and visible ranges..

Geometry of hair structure, longitudinal
and transverse views.
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Stay cool in the hot desert: :) |—‘ [
Silver ants — cooling hairs

TEXTIL+ FASERFORSCHUNG

Reflection and temperature profile of hairy and shaved ants C. bombycina.

a) b)
—+ Shaved . e

Reflectance
Temperature (°C)

0.2 [ 4 Shaved ‘
22

|

|aad2altaastastAadAyaayasx 214/
0
r 20
450 500 550 600 650 700 0 10 20 30 40 50 60 70 80
Wavelenght (nm) Time (sec)

a) Reflectance - light incidence 50° and azimuth 0 from 425-700nm b) Temperature history - exposed to light from a solar
simulator for 90 seconds, whose visible spectral intensity
is identical to the Saharan summer sun.

Silver ants Cataglyphis bombycina.
a) Ants have a metallic sheen in sunlight. (b,c) the hair is located on the
back of the head (b) the thorax and the abdomen of the workers (c).
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Radiation cooling — broadband wave length

Thermal wave lengths

Terrestric sun radiation
) Ar U] —— Heat radiation at 27°C

25

<——UV|

0,4 um
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Solution DEUTSCHE INSTITUTE FO1
Working principle| Radiative Cooling Technology

| Hoatiiansior 2

Thign — Heat Source Tiow (cold reservoir/heat sink) = ambienttemperature

Using the cold Universe as a heat sink

Sonne (5800K)

the Universe 3 K

SIJ n Weltall (3K)

5800 K

__Selb.;stkiifriettmd‘ es
] el s

Erde (300K) %,

[Yinetal., Sci 791 (20

Heat radiation fluxes on the terrestrial surface Functional principle of a self-cooling material

P(solar): absorption of solar radiation; P(rad): outgoing terrestrial thermal radiation; P(atm): Absorption P(solar): absorption of solar radiation; P(rad): outgoing heat radiation from
of downward atmospheric thermal radiation. the self-cooling textile; P(atm): Absorption of downward atmospheric thermal

radiation.
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Spectral curve| Influencing factors and material design opportunities

wavelength-dependent adaptation of the material design for Net radiation balance
high energy-free cooling performance

Reflected Solar Emitted Infrared q“allng - qud - q’alq,r - qum - q“anrqj
a/e Radiation Radiation — Space (3-4) K
A 4 4 4
| e high w o2
: Graq ™ 2 f I 8. (A8) (AT )sin8con
] o 7o
i m
: — Atmosphere Qs0iar ™ J. L 1584
: 0 T
: Ty =
| Gaem =2 [ [ 0048 lem (4.6, T )
' o o
o+—+ L Ro-pdow i ols > ? ! Gronrad ™ Mnonrad(Ta -
pm
0 25 8 13 |  Radiative Cooling
Absorbed Solar Absorbed atmospheric Material )
Radiation Radiation g(cooling): Cooling power [W/m?]
- q(solar): Absorption of solar radiation
i Amblent Temperature g(rad): thermal radiation of the radiative cooler
r' Surface Tsmperaiurs of the OI'JI'J“I'IU matarial g(atm): Absorption of downward atmospheric thermal radiation
. - . g(nonrad): Absorption of non-radiative heat sources due to
'rll'rnrkn_sbrrlsslvllly of the atmosphera for long-wave radiation: Light-blue = high; convection/conduction
] ua = 0w
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Solution for technical textile applications

+ Reduce body heat
® 0 «  Breathability — nano porous
L structures
I?efllets: _ % IR permeability
bhotonic emitter * highly precise i % Moisture Transport /

- mangfacturlng process . N Evaporation
) required (e.g. laser High NIR-reflectivity
a lithography) High IR-transparency
g +«* no cost-effective upscaling
&’ gﬁfle:ées on textile +» Reduce temperature below the
o textile
o _ « Cooling below ambient
9 I?ef'c'ts: _ temperature (AT>0)
) * Focgs on clothing % Radiation exchange with space
%) applications

% High thicknesses for Py S

subﬁg:;i:n::é)(je:gent i 'j:.,-i:::' \P V <  substrate-independent

Ada\Pa%tage: et e coating

+ Large scale, low costs « simple application

<+ Simple application process High ViS & NIR-reflectivity « high scalability

High MIR-emissivity

possible Low transparency over all wavelengths
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Development Steps

Coating application | Doctor-blade Coating

~
/’
v
Matrix- Particles dispersion uniform particle Coating application Curing & cross-linking at
material integration distribution by roller knife 150 - 180°C after 1-5 min

© DITF Dr. Thomas Stegmaier, Textile Roofs 2025
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High-emissive (High-e) matrix material
O  High sun-reflective Particle
= Thermo-optically active Particle

Simplified application of multiple layers in
a continuous process possible

15



Development Steps

Dl

DEUTSCHE INSTITUTE FUR
TEXTIL+ FASERFORSCHUNG

with and without self-cooling coating

Reflection (A= 0,3 - 2,5 um)

Emission (A =2,5-20 pum)

1r - |
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08f | E 08 8
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= 06} | £ S 06 ©
[0} c 2 2
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' kA @
02 8 C 02 £
fo <
0 L L L L 0 (D 0 L i) 1 L 1 L Il 0
0.5 1 1.5 2 25 4 8 10 12 14 16 18 20
Wavelength [um] Wavelength [um]
-------- Textile with cooling coating
- Reference textile without coating
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Spectral measurements | Substrate independence

Reflection (A= 0,3 - 2,5 um) Emission (A = 2,5 - 20 pm)
T =

1 C
S S
0.8 cf. a3
) £
c E c 2
L 06 = Ke] ©
8 i = @ =
' S Atmosphérisches 02 E
solar radiation (?) Transmissionsspektrum <

i ; i : 0 0 | 1 | 1 | 1 1 1 0

0.5 1 1.5 2 25 4 6 8 10 12 14 16 18 20

Wavelength [um] Wavelength [um]
PA6.6 150 g/m2  ===r=em Textile with cooling coating
B Glas 163 g/m? = = Reference textile without coating

B PES 65 g/m?
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Weather stability | Long-term weathering on the institute roof

Weather extremes:

Hottest month: July (up to 43°C)

Most humid month (since 2017): November

Snow & freezing temperatures: November/December (up to -3°C)

26.07.2023 31.08.2023 25.09.2023
\ ) 2022 w}r e
| i

08.11.2023 04.12.2023

Fl

—

%
1

: 1
i

1

1

1

[ ] “ _lfv Ll

<

o — }
Start of outoor Water-repellent surface dirt particles  After wiping - >
exposure no significant dirt build- are no more dirt ) .
up visible after one deposited on visible on the Left side untouched since outdoor exposure
month the surface  surface Right side last been wiped on 31.08.2023 — stays relatively un-dirty over a period of three month
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Measurement set-up | Measurement under real weather conditions

— - — - o

The cold sky serves as a
cold sink

Influencing values to be
measured:

= Wind [m/s]
= Solar Radiation [W/m?]
= Humidity [%]

i = : ] LSV R 2 ey =  Ambient Temperature [°C]
Test module for measuring temperature and cooling performance Test module for measuring temperature for = Temperature of the sample [°C]
direct comparison of different materials * Atmospheric Radiation

© DITF Dr. Thomas Stegmaier, Textile Roofs 2025 19
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Cooling below ambient and Substrate Independent

Exposed to sky*

l > > Textile- @T[°C] AT[°C]
Sample (7a.m.—-7 p.m.)
>0 1000 . Without coating With coating
o
T 40 800 § PES 33,3 19,8 13,7
< =
:3: 30 600 5 PAG6.6 31,1 19,9 -11,2
g g Glas 20,0 10,7
£ 20 400 &8 .
S t Tors, 22,7°C
10 200 8 . : .
Evaluation: ambient Daytime Temperature 20.09.2023
0 0 Ambient Conditions 20.09.2023 Denkendorf:
16:55 21:53 2:53 7:53 12:53 17:53 22:53 3:52 {ram7pmk
Time [hh:mm] U wind = 0,7 m/s
RH = 59,3%
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Ref. Architect N . . g
Temperature Measurement > 24h Varmbrane 1€} Cooling textile Cooling Power Calculation
l Exposed to sky )
W P Negative cooling power = heating Positive cooling power = cg)ling
i Pyranometer 15 hl -
45 - Ref. textile (uncoated) 7 10000 W
1 . . . . . onditions:
! e (00l iNG t?x‘ﬂ\e - double layer coating (250 pm coating thickness) | 'sun = 700 W/m2
a0 +, Ref Architecture Membrane 10 + U wind = 0 m/s
e Ambient Temperature 1 4 8000 RH = 40% /
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15:15:47 18:35:47 21:55:47 01:15:47 04:35:47 07:55:47 11:17:01 14:37:01 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 80
Time [hh:mm] Cooling power [W/m2]
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Transfer of structural principles proven in nature for energy-free D | —‘ [

DEUTSCHE INSTITUTE FUR
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Self-cooling textile surfaces (Ts)
remain colder than the surroundings
(Ta) even at maximum solar radiation.

BEEEEEE &S i

=
=
-
=
=
)
o
-
)

Cold space
-271°C
Atmosphere =

Self-cooling textiles

(Ts < Ta ) reflect >90%
of solar radiation and
release radiation into
the atmospheric
window. Passive cooling
performance between
20 - 100 W/m2

o Reflection of solar radiation (ViS/NIR) 29

© DITF Dr. Thomas Stegmaier, Textile Roofs 2025
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Status of technology transfer XTI+ FASERFORSCHUNG

Patent pending

WINNER
Innovation Award
techtextil ™=
Aimed for:
FRANKFLRT/MAIN Demonstration building
©DITF Dr. Thomas Stegmaier, Textile Roofs 2025 Reflection of solar radiation (ViS/NIR) 23
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“The extent to which current and future generations will experigﬁce a ) ‘ _I
hotter and different world depends on choices now and in near-term” el e OJCHUNG
(IPPC-Report 2023) DEUTSCHE INSTITUTE FUR

TEXTIL+FASERFORSCHUNG
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