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Inorganic materials: 3D at small scales
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3D at small scales – additive manufacturing

20 µmExaddon (former Cytosurge)
Hirt, L., et al., Adv. Mater. 28, 2311–2315 (2016).

Exaddon (former Cytosurge)Lin, Y. et al., Adv. Mater. Technol. 4, 
1800393 (2019).
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Direct small-scale AM of metals: a future technology?
Electrical interconnects Out-of-plane circuit elements

Sensors

Lattice- and metamaterials

Wang, J. et al., Adv. Mater. 22, 4462–
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329, 313–316 (2010).
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(2009).
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Tasco, V. et al., Appl. Phys. A 122, 280 (2016).
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Part I: Microstructure and 
properties of printed metals

Part II: EHD-RP Part IV: Where to?Part III: Multi-metal EHD-RP

An overview of the talk
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Experimental: standardized set of samples for all techniques
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100 V

Electrohydrodynamic redox printing
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Part I: A study of the microstructure and mechanical properties of additively de-
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Our collaborators
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Experimental: standardized set of samples for all techniques
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Microstructure: porous / dense / metal-carbon composite

Synthesis: electrochemical Synthesis: electron-induced CVDTransfer: colloids
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Part II: electrohydrodynamic redox printing (EHD-RP)*

*Reiser, A et al. Nature Commun. 10, 1853 (2019)



Electrohydrodynamic redox printing: dissolution of a sacrificial anode

0 V

10 µm 181 nm

Acetonitrile

Cu wire
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100 V

Electrohydrodynamic redox printing

28



100 V

Electrohydrodynamic redox printing

ACN: Acetonitrile
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100 V

Electrohydrodynamic redox printing
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Video showing the printing process of diffraction grating of next slide
Please find it in the supplementary information of : Reiser, A et al. Nature Commun. 10, 1853 (2019)

https://www.nature.com/articles/s41467-019-09827-1#Sec13
Supplementary Movie 2
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EHD-RP: one order of magnitude faster than other electrochemical methods
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High resolution
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500 nm
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High-quality metals as printed

200 nm
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Part III: multi-metal AM by EHD-RP

1 µm
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245 nm

Multiple sources – multiple metals
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In-situ generation of ions – switching on the fly
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Video showing the process for printing the Ag-Cu wall from previous slide.
Please find it in the supplementary information of : Reiser, A et al. Nature Commun. 10, 1853 (2019)

https://www.nature.com/articles/s41467-019-09827-1#Sec13
Supplementary Movie 1
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Control of chemical architecture: control of local properties

Ag

Cu-Ag

1 µm

1 µm
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Video showing the printing process of Ag-Cu pillars and the localized plastic deformation in the nanoporous segments
Please find it in the supplementary information of : Reiser, A et al. Nature Commun. 10, 1853 (2019)

https://www.nature.com/articles/s41467-019-09827-1#Sec13
Supplementary Movie 3
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Experimental: standardized set of samples for all techniques
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Microstructure and properties
of printed metals
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