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Abstract

Combination of laser additive
manufacturing and Sol-Gel method for bone
tissue regeneration silica-based scaffolds
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Laser additive manufacturing (LAM) is an established method to process additively metals and polymers, which is already
available at the industrial level [1]. On the contrary, laser treatment implementation of ceramics is still a challenge due to
low thermal shock resistance of the material, weak densification during processing, and strongly temperature -dependent
absorptance of laser light [2]. Moreover, current manufacturing protocols require the use of polymer bindings to avoid
cracks during the drying step [3].

In this work, we present a new polymer binder-free manufacture route for ceramic materials, which combines for first
time the advantages of LAM and sol -gel method to obtain silica-based porous scaffolds for bone tissue regeneration. In
a typical preparation, fumed silica and carbon nanotubes (CNTSs) were dispersed in distilled water and mixed to obtain a
sol, which was deposited layer by layer on a copper plate. After, each layer a laser treatment was applied using a Ytterbium
fiber laser emitting at 1064 nm, working in a pulsed mode. Cracks free green specimens with a setup dimension of 4 x 4
mm? were obtained that were then sintered to both consolidate the specimens and eliminate the CNTs. Influence of the
laser power and scanning speed as well as of the sintering conditions on the physico-chemical and mechanical properties
of the final material were studied by optical and scanning electron microscopy, energy dispersive X-ray spectroscopy, X-
ray diffraction, Fourier transform infrared spectroscopy, thermal analysis and micro hardness measurements.

AUTHOR’S STATEMENT

Conflict of interest: Authors state no conflict of interest. Animal models: No animal experiments were carried out. Informed consent: Informed
consent has been obtained from all individuals included in this study.

Research funding: This work was supported by Programma Mobilita Giovani Ricercatori — MGR 2024 finanziato dalla Regione Autonoma della
Sardegna ai sensi della L.R. n. 7 del 7 agosto 2007 “Promozione della Ricerca Scientifica e dell’Innovazione Tecnologica in Sardegna”.

REFERENCES

[1] S. Pfeiffer, K. Florio, D. Puccio, M. Grasso, B. M. Colosimo, C. G. Aneziris, K. Wegener, T. Graule, Direct laser additive manufacturing of high
performance oxide ceramics: A state-of-the-art review, Journal of the European Ceramic Society, vol. 41, pp. 6087-6114, 2021.

[2] Z. Zhang, M.F. Modest, Temperature-dependent absorptances of ceramics for Nd:YAG and CO2 laser processing applications, J. Heat Transfer,
vol.120(2), pp. 322-327, 1998.

[3] R.S. Khmyrov, C. E. Protasov, S. N. Grigoriev, A. V. Gusarov, Crack-free selective laser melting of silica glass: single beads and monolayers on
the substrate of the same material, Int J Adv Manuf Technol, vol. 85, pp. 1461-1469, 2016.

DOI: 10.18416/AMMM.2024.24091908


mailto:alessandra.scano@unica.it
mailto:christoph.hartl@th-koeln.de

