On the thermal emissivity of highly efficient VO,-based

thermochromic stacks coated with silver nanowires networks
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Abstract

In response to the urgent need for environmentally sustainable
alternatives to combat climate change, considerable attention has
been directed towards the development of functional materials for

o energy management. Among these, thermochromic-based smart Transfer-matrix
Thermochromic windows have emerged as a signhificant area of interest due to their
properties ability to dynamically and passively regulate the amount of sunlight approach
entering a building while maintaining consistently high visible
transmittance. Additionally, low thermal emissivity is crucial for ‘Laver N+1
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Matrix version of the Fresnels
and Beer-Lambert equations [1]

~aP Design of efficient thermochromic multilayer stacks

e(1) = A(A) = 100 — R(A) — T(A)

VQ Introduction of an original figure of merit tailored to

AntiReflection

Active thermochromi N reflect on experimental data . .
e e ) P Method validation
]- AntiReflection ‘ay . . . .
et ‘Q Demonstration of the relevance of using silver nanowire
";'U' networks as low-emissivity coatings for VO, NPs-based stacks = 0.02 '
Nanoparticles (NPs) o = o.oo—--—.-+: ———————————————————————————————————— -
; e f S E 007l * B Baloukas (2018) W, Jin (2023)
=g - C. Sol (2020) J. Zheng (2015)
4= N S o
Q = _ e T Chang (2018) Exp. = Sim.
0 8 0.05
© 0.04} o
2
x S 0.03}
! =
o optimal 3 0.02
) 3 .01} * .,
Lo m 0.00f  °

0.00 001 002 003 004 005 006
Experimental FOM

* Excellent matching

Thermochromic material

&
Emissivity (%)

Transmittance (%)

=
o

5

0—550 075 1.00 125 150 175 2.00 2.25 250 4 6 8 10 1z 14 16 18 20
Wavelength (um) Wavelength (um)

VO, NPs

100

AM 1.5 (W.m~2nm~!) —— Metallic VO, BB radiation, 300K 1100

— Insulating VO, Tiym = 78.9% r\

80y

E—
® ©
S o

~
o

Emissivity (%)

607

(o))
=)

w
=)

4071

Transmittance (%)

1S
o

207

l ) b 5;;"33 » co®

050 075 1.00 1.25 150 1.75 2.00 2.25 250 4 6 8 10 12 14 16 18 20
Wavelength (um) Wavelength (um)

In summary

0

-2 o .
* Excellent thermochromic properties 0.40 T ——— 240 * Relevant FOM introduction [3]
A hickness () | 035} WS Literature | | 19231  Quantifiable optimization
‘Q Low € for TF Teod R\ [T1s work, thin film 3] 18.205 * Application-oriented
= 0.30k A This work, NPs ] 17 176 C bili
~aa High e for NPs i, . .y omparibitity
%020 is.128 £+ Highly efficient
0.04 ' : ' ' ' < Ll .
Oc;ooo 000z 0004 0.006 0008 0.010 0.012 015 14 103 thermochromic stacks
0:65- | | Ag.tlhigknesls (r;m) | 13.077
0.60f e oo | 0.10§ 12 051 ¢ LOW'emiSSiVity
;222 “Aga 0.05¢ 11.026
Key results =045 0.0 5 5 s——1 L0.000 " Ag NIYVS benTell‘lt NIPE
| | | | | | tacks, not TFs
Tlum = ?
'0.005 0.010 0.015 O.OZé)OI\(;I.OZS 0.030 0.035 0.040 [ FOM _ ATSOl X Tlim ]
50
. . ~ AgNWs show enhancec Perspectives
| Various Ag thicknesses . | emissivity-lowering compared
40+t Ag NWN coating - . . .
o ) | VYIth the use of a thicker Ag thin + Experimental validation
Sl | film layer for the NPs-based | - |
.30} X x  Ag thin film, NPs | stack * Numerical tool application to other thermochromic stacks
-+~ - x  Ag NWs, NPs '
= g Ag thin film, VO, thin film | : _ « Use of ASNW networks in electrochromic-based devices [4]
i 20! X Ag NWs, VO, thin film * The opposite behavior IS
e observed for the VO, thin film
o | stack
0l « AgNWN coating ; Want to learn more on
[ < —0 ] °
[ x e Vari | V‘ This difference is attributed to W ? Sym. B, Session 4,
o~ &Aarﬁ:ilciknesses AgN networks ° th
%g the presence (or not for the 24" Jun. 25, 16h30
Wy O 0L OF(C))3M 0.04 00> 0.06 NPs) of beneficial interference

effects

References

[1] Classical Electrodynamics, J. D. Jackson, 1962

Acknowledgments

M-ERA.NET program (INSTEAD project). Computational resources have been provided by the

Materials Today Conference 2025

[2] M. Lust, J. Appl. Phys. 127, 205303, 2020 Sitges Spain Consortium des Equipements de Calcul Intensif (CECI), funded by the Fonds de la
[3] A. Baret et al., RSC Appl. Interfaces, 94, 2, 2025 ’ Recherche Scientifique de Belgique (F.R.S.-FNRS) under Grant No. 2.5020.11 and by the

Walloon Region. A. B. and N. D. N. acknowledge the financial support from F.R.S.-FNRS via
the CDR project J.0124.19 and the PINT-MULTI project R.8012.20.

[4] A. Khan et al., ACS Applied Materials & Interfaces, 16(8), 10439-10449, 2024 23th Ju ne 2025




	Diapositive 1

