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INntroduction

Cellulose is the most abundant biopolymer on Earth and is known by its high availability, safety and biodegradability. Therefore,
cellulose’s promising properties make it a sustainable material for aerogel production. Aerogels are highly porous (85%-99.8%)
materials, based on gels where the liquid Iin the synthesized gel network is replaced with gas, while preventing pore collapse. This
leads to materials with very high surface areas (up to 1200 m?4-g'), low densities (< 0.2 g-cm3) and extremely low thermal
conductivities (< 5-10% W-(m-K)")[1-3]. Thus, cellulose aerogels show great potential for the production of sustainable materials with
exceptional physical properties. The aim of this work is to demonstrate the potential of cellulose aerogels for lightweight construction
and as a base for sustainable thermal insulation. Here we show the capability of completely recycling cellulose aerogels into a new
aerogel material with comparable properties as a potential end-of-life strategy as well as showing the possibility of using
lignocellulosic biowaste as an alternative feedstock.

Methodoloc

thesis Extraction from Hemp Fibers

Syn

o

2
E a)2M Acetic acid k
3 b)Ethanol/Acetic acid \Ummmis

NaOH/Urea solution

Dissolution Gelation
Cellulose Cellulose solution Wet-gel
= = o Hydrolysis
5 @ + Bleachin
a 8
’ CO; EtOH/H,O
Supercritical drying Solvent exchange
Aerogel Alcogel Hydrogel

Raw Hemp Fiber Milled Hemp Fiber Hemp Cellulose

\_ Monoliths Beads Sheets )

Summary & Conclusion

M = Successtul production of recycled

— nemp Celiuiose

£ cellulose aerogels with same

- Ccoerlrl]m;gs.? - o 012 y synthesis route using milled

8 E cellulose aerogels as resource.
Commercial _

—— Commercial Celluose Cell._Recycled 12N 202 Ll = = Successtul extraction of cellulose

Hemp Cell. 228 19.7 0.16 34 from hemp biowaste.

' ! ' ! ' ! ' ! ' ! ' ! ' !
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber fem” = Successtul production of hemp
o, T T — based cellulose aerogels.

800

Commecial Cell. _Recycled

Hemp Cell.

600 H

» Comparable properties of
synthesized cellulose aerogels.

400

» Less resources needed for hemp
cellulose aerogels.

Quantity Adsorbed /cm3.g* STP

200 H

» Thermal conductivity of cellulose
aerogels similar to mineral wool.

0

. , .
0.0 0.5 1.0
Relative Pressure (p/p°) /n.a.

2.5

—— Commercial Cell._Fresh
1—— Commercial Cell. _Recycled
—— Hemp Cell.

3
n
o

=
a1
1

=
o
1

Ly

dV/dlog(w) Pore Volume /cm3.g™*

0.5 3 | -V . — 1 -, | s
SR L R A e i~ Commercial Hemp Cell.
o 00 . T Cell. Aerogel Aerogel
\ Pore Width /nm Hemp Ce"- g g J

References:
Kuchta, L. and Fajnor V., About the synthesis and thermal stability of SiO2-aerogel. Journal of thermal analysis, ﬂ:@

Kontakt: Bruno Goncalves (Bruno.SerradorGoncalves@dlr.de)
German Aerospace Center (DLR)

Bundesministerium
fuir Wirtschaft

. . , _ 1996. 46(2): p. 515-520. und Energie
Institute for Frontier Materials on Earth and in Space Lichtfouse, E., et al., Inorganic-Organic Composites for Water and Wastewater Treatment: Volume 2. 2021:
' : Springer.
Department Aerogels and nghly Porous Materials Rudaz, C., et al., Aeropectin: Fully Biomass-Based Mechanically Strong and Thermal Superinsulating Aerogel. aufgrund einies Beschihisses D LR

des Deutschen Bundestages

Biomacromolecules, 2014. 15(6): p. 2188-2195.
Jarms, J., et al., Modeling of the Gelation Process in Cellulose Aerogels. Biomacromolecules, 2025. 26(4):

p. 2199-2210. MSE 2.26

https://www.dlIr.de/de/fm




	Standardabschnitt
	Folie 1


