3D Printing of Aerogels

Shanyu Zhao'", Gilberto Siqueira®, Sarka Drdova®*, Tingting Wu', Deeptanshu Sivaraman’,
Anne Bonnin®, Sandra Galmarini', Michal Ganobjak'®, Zhengyuan Pan®’, Samuel Brunner',
Gustav Nystrém?2, Jing Wang®#, Matthias M. Koebel', Wim J. Malfait"’

1 Laboratory for Building Energy Materials and Components Laboratory, Swiss Federal Labora-
tories for Materials Science and Technology, Empa, Uberlandstrasse 129, 8600 Diibendorf, Swit-
zerland; 2 Cellu-lose & Wood Materials Laboratory, Swiss Federal Laboratories for Materials
Science and Technology, Empa, Uberlandstrasse 129, 8600 Diibendorf, Switzerland; 3 Institute
of Environmental Engineering, ETH Zurich, Stefano-Franscini-Platz 3, 8093 Ziirich, Switzerland;
4 Laboratory for Advanced Analytical Tech-nologies, Swiss Federal Laboratories for Materials
Science and Technology, Empa, Uberlandstrasse 129, 8600 Diibendorf, Switzerland; 5 Swiss
Light Source, Paul Scherrer Institute, CH-5232 Villigen, Switzer-land; 6 Faculty of Architecture,
Slovak University of Technology in Bratislava, Namestie slobody 19, 812 45 Bratislava, Slovak
Republic; 7 State Key Laboratory of Pulp and Paper Engineering, South China University of
Technology, 510640 Guangzhou, China; 8 Department of Health Sciences and Technology, ETH
Zurich, Schmelzbergstrasse 9, 8092 Zurich, Switzerland

Abstract

Aerogel is an ideal thermal superinsulator with great potential for multiple mass-market ap-
plications [1]. Although aerogels can have exceptionally high strength-to-weight ratios [1],
silica aerogels are generally brittle and impossible to machine by subtractive processing. The
viability of aerogel additive manufacturing has been demonstrated for graphene [2], gra-
phene oxide [3], carbon nitride [4], gold [5], resorcinol-formaldehyde [6], and cellulose [7],
but is quoted as "...not feasible for silica aerogels" [8]. With excellent replication fidelity at 10-
1000 pm length scale, a printing capability for silica gels will create the possibility for spatially
varying compositions and functions of the aerogels and enable a breakthrough in a techno-
logical adaptation of aerogels for miniaturization applications. Here, we present a direct ink
writing protocol to print silica aerogel objects based on a custom-tailored silica precursor
system. Functional (nano)particles or various polymers are easily incorporated. The method
enables the production of miniaturized objects with outstanding shape fidelity. The printed
aerogel can be pure silica without polymer additives, or hybrids with tailored compositions
and functions, with typical properties for silica aerogel (Sger 751 m?/g, A 15.9 mW-m™"-K™). Fur-
thermore, various aerogel materials (cellulose, RF silica composites and polyimide silica com-
posites) can be printing based on developed methodology, which show good shape fidelity
and comparable aerogel performance. We demonstrate a proof of concept of additive manu-
facturing silica-based aerogel materials and conclude with a perspective for the potential 3D
printed aerogel materials and components in the targeted markets.



Fig 1. 3D printing silica aerogel lotus flower
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