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Where is RPI?

Founded in 1824 by Stephen Van Rensselaer, the nation’s oldest technological research university.
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Where is RPI?

Surrounded by the Adirondack, Catskill and Berkshire ranges
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Glass as an Enabling Material
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Conventional Approaches to Glass Formation

Melting in a container

Varying composition

Controlling thermal history
(temperature and time)

Limited glass forming range

"

Pilkington Float Process Corning Fusion Draw Process

https://www.youtube.com/watch?v=0VokYKqWRZE http://www.wired.com/2012/09/ff-corning-gorilla-glass/



Uncovering Hidden Glasses

fundamentals of

INORGANIC GLASSES
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Adventures in a Glass Wonderland
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Melting with Levitation

Heating laser
OIme
- Pyrometer

-3 mm

Conical nozzle

I Gas flow

A. Navrotsky, Science, 346, 916 (2014)
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Crack Resistant Al,0,-SiO, Glasses

>30% Al,O,, low glass-forming ability, high melting temperatures
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Flame Hydrolysis Deposition
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Frame hydrolysis process to make fused silica glass
invented by Dr. James Franklin Hyde, Corning, 1934
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Corning flame hydrolysis fused silica boule in 1960’s.
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Physical Vapor Deposition
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M. S. Beasley et al., J. Phys. Chem. Lett., 10, 4069 (2019)
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Potential energy per Q" Si atom (eV

Physical Vapor Deposition
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Ground-state enthalpy (eV/atom)
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Effects of lon lrradiation
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Pressure as a “New’” Knob
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Fundamentals of Inorganic Glasses, 2" Edition
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P. W. Bridgman, Am. J. Sci., 7, 81 (1924)
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Research Theme of My Group
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Pressure Processing Glass
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Smedskjaer et al., J. Chem. Phys., 140, 054511 (2014) Guerette et al., Scientific Reports, 5, 15343 (2015)
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Pressure Effect on Optical Properties
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Pressure Effect on lodine Dissolution
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Elastic Moduli (GPa)

Pressure Effect on Elastic Properties

SiO, glass: 1100 °C, 0, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6 and 8 GPa for 0.5 hr
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Permanent Densification of Silica Glass
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Cold compression 27°C from Rouxel et al., 2008 and Deschamps et al., 2014
400°C from Mackenzie, 1963 and Arndt and Stoffler, 1969
700°C from Poe et al., 2004
900°C from Hofler and Seifert 1984

Hot compression 1100 °C: our study



S(Q)

Ambient XRD
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Raman Intensity (a.u.)

Ambient Raman Spectra
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Raman Intensity (a.u.)

Ambient Raman Spectra

——HC-3.5 GPa
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Guerette et al., Scientific Reports, 5, 15343 (2015)



Response of Pressure-quenched Silica
Glass to Temperature
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Response of Pressure-quenched Silica
Glass to Pressure
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Guerette et al., J. Chem. Phys., 21, 194501 (2018)



Enhanced Ductility in Densified Silica Glass
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Simulated Nano-indentation in Silica Glass
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Deformation Modes under Indentation
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Enhanced Shear Flow in Densified Silica Glass
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Nanoglass from Consolidation
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Glass from Consolidation of Silica Nanoparticles

Amorphous core Tk Surface region

Five-fold Si

/

Y. Zhang et al., Nano Letter, 19, 5222 (2019)
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Effect of Nanoparticle Size
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Formation of 5-fold Coordinated Si
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5-fold Coordinated Si as Plasticity Carriers
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Consolidation of Porous Silica
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SPS Consolidation of Porous Silica
Varapor 100: >99% Si10,, 1.6 g/cc; AGC 40: 95% S10,, 5% B,0,,1.3 g/cc
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SPS Consolidation of Silica Nanoparticles

SPS Sintering at 1100
°C 45 MPa for 5 mins
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Structure and Property of SPS-Consolidated Silica Glass
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SPS-consolidated Nano-Silica Glass

—— Nano glass
—— Corning 7980
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D. Danilov et al., ACS Nano, 10, 3241 (2016)



Design of Chemical/Structural Heterogeneity

(a) Solid electrolyte coating
Li,S-P,Ss target

Electrode active material

Li B S (e.g. LiCoO, particles)

o 3PN
Vibrator

(b)
Solid electrolyte coating

Room temperature

Pressure sintering

. ' Dense Composite Electrode

Fine solid electrolyte mixing

Z.H.Heetal., J. Eur. Ceram. Soc., 37,721 (2017) A. Sakuda et al., Journal of the Ceramic Society of Japan, 126, 675 (2018)



“New” Periodic Table under Pressure
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Summary

* Pressure processing can lead to unique structure and properties that
cannot be achieved by the traditional melt-quenching method.

e Structure and properties of the hot-compressed glass are distinct from
those of the cold-compressed counterpart at room temperature.

* Consolidation of glassy nanoparticles can form nanoglass with
composition/structure variation on a much longer length scale than in
bulk samples, leading to unique properties.




