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Research status of 3D printed aerogels
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Abstract: Aerogel materials, possessing numerous interesting features including high specific surface area,
high porosity, low density, and low thermal conductivity, are regarded as one of the top ten novel materials
in the 21st century. However, due to the limited mechanical properties of typical aerogels, it is difficult
through post-processing to fabricate aerogels with complex shape and structure required by practical
situations. Therefore, 3D printing, with the ability to customize materials with complex shapes and
structures, is a promising advanced manufacturing technology for bottleneck breakthroughs of aerogel
practical applicability with no complicated post-processing needed. Herein, the research progress of 3D
printed aerogels in the aspects of printing methods and material classification was firstly discussed,
followed by summarization of their unique applications in the fields of flame retardant thermal insulation,
dielectric, and tissue engineering as well as the future development directions. Finally, 3D aerogel material
system expansion, exploration of 3D printing technology more suitable for aerogel printing, printing
accuracy and speed enhancement, and further investigation of the controllable pore structure influence on
the performance of 3D printed aerogels are considered to be the future research directions. The development
of 3D printed aerogel materials is expected to promote the rapid progress of aerogel materials.
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Fig.1 Timeline of 3D printed aerogels
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Fig. 2 3D printing methods of aerogels: Extrusion method (a), cold field assisted DOD method (b), SLA sterecoscopic light

curing method (c) and LCD selects area light curing (d)
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Fig. 3 Relationship between viscosity and shear strain of shear thinning fluid (a)*; Storage (G’) and loss (G”) modulus of

shear-thinning fluid with different shear stress (b)!**; Schematic illustration of extrusion swelling behavior of

viscoelastic fluids with shear thinning properties (c)
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Fig. 6 3D printed aramid nanofiber acrogel (a)l*”! and regenerated cellulose aerogel (b)*®! with high flexibility
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Fig. 7 Thermal insulation of 3D printed SiO, aerogels and application demonstration of precise marching installation of a 3D
printed aerogel heat insulation shield (a, b); Optical and infrared thermal images of the aerogel monolith (thickness:
12 mm) and 3D printed aerogel microgrid (thickness: 10 mm) on a 100 °C heating stage for different times (c, d);
Temperature evolution of the cold-side and hot-side surfaces of different heat insulation shields with time (e) **!
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seeding 7 d; Histological analysis of PLLA/gel 3D
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