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Properties of Nanoporous Silica Networks

Hydrophobic
Low Surface Energy and High
Contact Angle )

High Porosity
Low Thermal Conductivity

500 nm!

Catalysis - High Surface Area
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Reasons for hydrophobicity in silica nanoporous networks
Silica has a very low surface energy
Small air pockets in the pores prevent water from entering, cause a large contact angle (large contact angle, greater hydrophobicity)
Reasons we want highly porous media 
Porous media are great insulators due to small pockets of air providing low thermal conductivity scattered throughout the sample
Low density, low weight


This slide should contain a little more information about industrial applications to give the audience more context as to why we are investigating this material. 
The largest application of this is for cheap, moldable insulation that still has a low weight (low density) and great structural properties

What is “mean free path of air” -  for insulation talks and relating these properties to the nanoproperties


To imagine the length scales we are talking about, imagine quarters in lake michigan

https://news.softpedia.com/news/Omniphobic-Material-Repels-Any-Liquid-97625.shtml

Building Nanoporous Silica Networks

Tetraethyl orthosilicate

monomer
> TEOS + Water + Base
Neck region
mﬁh?ﬂmm oo uF

Primary Si particle < 1 nm

4. https://www.sciencedirect.com/science/article/pii/S002230931300522X#f0015
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TEOS - Tetraethyl orthosilicate


Removing the Solvent

Ambient Pressure Drying (APD)

Advantages

 Lower Cost
» Fewer Synthesis Steps

» Easier Scalability

Disadvantages

 Harder to Control

Supercritical Drying « Destructive Capillary Forces
-
/

Freeze Drying T
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Why should we care about ambient pressure drying
Lower Costs – Freeze Supercritical drying are energy intensive
Easier to Scale – Provides industrial viability


Ambient Pressure Drying

2ycos(0) pc = capillary pressure | — 100 ym—— p, = 0.0056 atm
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100 microns is about the width of a human hair
10nm is about the size of our particles

56 atm – almost 2000 ft underwater!


Provide Flexibility
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Silica Nanoparticles
-OH OH

Pluronic BIock Copolymer

Toluene
Diisocyanate (TDI)

Catalyst
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This slide will show the videos of the samples gelling and drying. Be sure to point out HOW WE DRY THEM WITH THE VIALS WITH HOLES


Problems Encountered

Rate of Solvent Evaporation

Particle and Polymer Effects
Shape and Molecular Weight

@ A

Difunctional Block-
Copolymer

Spherical Random
Slow Fast

Phase Separation Catalyst Addition Delay after Reaction

O Hours
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Particle and Polymer Effects

Increasing Polymer Molecular Weight

Spherical

Random
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Viewing these materials with the naked eye only shows us how they change on the macro-scale (i.e. cracks, bubbles, turbidity)

The desired properties of this material is dictated by the nanometer length scales the structure takes on (remember insulation and low thermal conductivity example)

To compare the nanostructures of our material, we use Small Angle Neutron Scattering


What is SANS?
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P(Q): Form Factor — particle shape, size, dispersity

41T

S(Q): Structure Factor — spatial distribution of particles, q —_— — Sln(g)
interactions between particles )[

5. Monica Castellanos, Maria & Mcauley, Arnold & Curtis, Joseph. (2016). Investigating Structure and Dynamics of Proteins in Amorphous Phases Using Neutron Scattering. 10
Computational and Structural Biotechnology Journal. 15. 10.1016/j.csbj.2016.12.004.
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Higher q – smaller length scales

We can change theta by changing the detector distance
We can change lambda by using a velocity selector 


SANS Before Solvent Evaporation

Intensity (1/cm)

Silica Networks Before Solvent Evaporation - 5 vol% Silica Particles
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Note that the lower end of the fractal dimension spectrum (~1.8) gives us a less-dense network than the slope at the higher end of the spectrum (~2.1)

Attractive potential on the order of 3kT


SANS After Solvent Evaporation

Intensity (1/cm)
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No major structural changes
on the nanoscale

Do more significant structural
changes occur at larger
lengths (smaller q)?

Dried
Silica Particle
Network
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Fractal Dimension shows to stay constant – leads us to believe fractures are occurring at larger (macroscopic) length scales

Transition Sentence:
“What this tells us is that cracking is not intrinsic to our sample, which leads us to believe we should be able to fully control crack propagation by adjusting various experimental conditions”


Problems Encountered

Particle and Polymer Effects
Shape and Molecular Weight

@ A

Difunctional Block-

Spherical Random Copolymer

Rate of Solvent Evaporation

Slow Fast

Phase Separation

Catalyst Addition Delay after Reaction

O Hours
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Summary of Key Results

1.5 hours

O hours

 Incubation time of ~2 hours
greatly increases structural
Integrity

e Slow solvent evaporation
dispenses stresses

1100 g/mol 3750 g/mol
e Optimum polymer additive
molecular weight ~ 3800 g/mol
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Future Work

Quantify effect of particle shape, size, and structure

Mitigate phase separation using incubation times and
solvent variations

Use uSANS for larger length-scale probing

Measure accessible surface area and thermal conductivity

15



Acknowledgements

e Ryan Murphy — Mentor

« Katie Weigandt - Co-Mentor

e Julie Borchers, Joe Dura — NCNR SURF Directors

CI_T DNT | NIST ceneer for
LIN\NL N U~ / ”

16



	Crosslinking silica-based nanoporous networks under ambient conditions
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16

