Raise a glass: More sustainable
and functional reaction vessels

Sci-A-Thon 2021
Sam Shepard (Team Leader) — NCSU
Matthew Sanders — UNC
Jordan Levi— UNC




Background

* 33% of glass in the USA is recycled (6.7 * 10° kg/year
in trash)

* Borosilicate-containing or soda-lime laboratory glass
(often single use) is even less frequently recycled

* Downcycling applications of lab glass waste (i.e.
cement filler)
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Jacoby, M. C&EN Glob. Enterp. 2019, 97 (6), 28-32.
Liu, Y.; Shi, C.; Zhang, Z.; Li, N. Resour. Conserv. Recycl. 2019, 144, 297-309.



Proposal

* Can we capture the inertness of glass but reduce the impact of its
generation and disposal?

 Easily degradable/biorenewable materials

* Can we leverage new technologies to create frameworks inaccessible
to glass?
* 3D printed and catalyst-embedded reaction vessels




Solution: Polymer Matrix Composites (PMCs)

* Short fibers bounds together by a
polymer matrix
* Advantages:
e Lightweight
* High moduluses and toughness
* Fatigue resistant
e Aerospace and biomedical
applications -
* For this proposal: Fiber-reinforced
PMCs

Kuciel, S. et al. Polymers 2019, 11(12), 2064.



3D Printing Precedent
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Wang, X. et al. Composites Part B 2017, 110, 442.

Aftab, M.N. et al. IntechOpen, DOI: 10.5772/intechopen.84995



Applying Structure-Property Relationships to
Chemistry Glassware Design
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Wang, X. et al. Composites Part B 2017, 110, 442.

Penn State College of Earth and Mineral Sciences. MATSE 81: Materials in Today's World.

https://www.e-education.psu.edu/matse81/node/2094 (accessed May 20, 2021).

Mix and match approach to tailor properties

Polymer matrix Reinforced Fibers Tunable properties

poly(ether ether ketone)

borosilicate glass optical clarity
poly(carbonates)

coconut fiber ‘ thermal resitance
poly(caprolactone

carbon nanotubes high moduli
poly(ethylene glycol)


https://www.e-education.psu.edu/matse81/node/2094

Biodegradability and Renewability Potential
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Feist, J.D.; Xia, Y. J. Am. Chem. Soc. 2020, 142(3), 1186. Nao
Brzostowicz, P.C. et al. Appl. Environ. Microbiol. 2003, 69(1), 334.
Dighe, S.U. et al. Nature 2020, 584, 75. O F

Balz et al. Ber. 1927, 60, 1927.
Kar, A. Pharmacognosy And Pharmacobiotechnology, 2nd ed.; Anshan Publishers, 2008.



What if we could design reaction vessels for
our chemistry? ; '

* Flow Reactors
* Challenging to produce geometries

* Beneficial chemical applications
 Catalysis
* Tissue engineering
* Metal organic frameworks

Rossi, S.; Puglisi, A.; Benaglia, M. ChemCatChem
2018, 10 (7), 1512-1525.

Hartings, M. R.; Ahmed, Z. Nat. Rev. Chem. 2019,
3(5), 305-314.



3D printed reaction vessels are suitable for

catalysis

e Sealed vessels are suitable for Air free catalysis

* Innately customizable

* Pick the polymer and properties for the reaction of
choice
e Solvent, reagents, temperature, bio-renewable

Diaz-Marta, A. S.; Tubio, C. R.; Carbajales, C.;
Fernandez, C.; Escalante, L.; Sotelo, E.; Guitian, F.;
Barrio, V. L.; Gil, A.; Coelho, A. ACS Catal. 2018, 8
(1), 392-404.

Kitson, P. J.; Glatzel, S.; Cronin, L. Beilstein J. Org.
Chem. 2016, 12, 2776-2783.



Printing catalytic activity into materials

* FDM (Fused Deposition Modeling)
* Mix catalytic material into filament
* Coat printed material with catalyst

* DIW (Direct Ink Writing)

* Incorporation of catalytic material in “ink”
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Sun, X.; Yan, Y.; Zhang, L.; Ma, G.; Liu, Y.; Yu, Y.; An, Q.; Tao, S.. Adv. Mater. Interfaces 2018, 5 (8), 1-9.

Tubio, C. R.; Azuaje, J.; Escalante, L.; Coelho, A.; Guitian, F.; Sotelo, E.; Gil, A., Journal of Catalysis 2016, 334, 110-
115.

Kitson, P. J.; Symes, M. D.; Dragone, V.; Cronin, L. Chem. Sci. 2013, 4 (8), 3099-3103.



The future of catalytic 3D printed reactors

* Development of post printing modification of FDM filaments with
reactive handles

* Development of modified filaments capable of being printed

* Acrylonitrile butadiene styrene (ABS), polyvinyl alcohol (PVA) or Polylactic
Acid (PLA)
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Conclusion

* Goal: Reduce glass waste

e State of the art: Advances in matrix composites and 3D printing

* Proposal: Elevate the glassware of the modern lab to reduce waste
and improve functionality
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