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Nano-
Maufacturing

One View of NM

A Desired Property: Dynamic
Mechanical Spectrum

A Nano Solution: Precipitated Silica
Nano->Colloidal->Micro->Macroscopic

Proposition: Nano-Manufacturing
Involves Hierarchy

The Challenge is to Build Hierarchy
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The original nanocomposite
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Objective:

Tear resistance
Static charge dissipation
Dynamic mechanical spectrum

Why/how do added nanoparticles impact
structures 100-1,000 times larger?
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Thermal Dispersion versus Kinetic Dispersion
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Clustering can lead to locally higher concentrations
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Multiscale Hierarchical Structures
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Multiscale Hierarchical Structures
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Multiscale Hierarchical Structures
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Multiscale Hierarchical Structures
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van der Waals model for incompatible polymer

nanocomposites
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Nanocomposites: The Effect of Mixing Time on Dispersion. Polymer 175 272-282 (2019).
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V,, = b/z (cm’/particle)
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Excluded volume is associated with
the occupied volume of an aggregate.
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Mean field (CB) and specific interactions (Silica)
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Specific interactions (Silica)

Positive a” can lead to correlated silica aggregates, New scattering function to fit these curves (solves an impossible task)
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Macromolecules 53, 2235-2248 (2020).

McGlasson, A., Rishi, K., Beaucage, G., Chauby, M., Kuppa, V., llavsky, J. and Rackaitis, M., 2020. Quantification of dispersion for weakly and strongly
correlated nanofillers in polymer nanocomposites. Macromolecules, 53(6), pp.2235-2248.

Rishi, K.; Pallerla, L.; Beaucage, G.; Tang, A. Dispersion of Surface-Modified, Aggregated, Fumed Silica in Polymer Nanocomposites. J. Appl. Phys. 2020,
127 (17), 174702. 18



Aggregates to Clusters

Control immiscibility through surface modification
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Okoli, U.; Rishi, K.; Beaucage, G.; Kammler, H. K.; McGlasson, A.; Michael, C.; Narayanan, V.; Grammens, J. Dispersion and Dynamic Response for
Flame-Synthesized and Chemically Modified Pyrogenic Silica in Rubber Nanocomposites; 2022. Submitted to Composites Sci. & Tech..
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Flame spray pyrolysis
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Morphology from rheology

* How does this multi-hierarchical model relate to oscillatory rheometry?
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Filippone, G., Romeo, G. and Acierno, D., 2010. Viscoelasticity and structure of polystyrene/fumed silica nanocomposites: filler network and

hydrodynamic contributions. Langmuir, 26(4), pp.2714-2720.

Filippone, G. and Salzano de Luna, M., 2012. A unifying approach for the linear viscoelasticity of polymer nanocomposites.
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Nanoscale control over
hierarchical response
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Mixing Geometry and Shear Rate => Hierarchical Emergence B,(t) = K (b* _ a_>
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Mixing Geometry and Shear Rate => Hierarchical Emergence

Carbon Black in Polystyrene
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dispersion in melt mixers in preparation (2022).

Clustering can lead to locally higher concentrations

(wu) 7

B, within the cluster how are the aggregates distributed
(larger is better distributed, 0 is unmixed).
L;how the clusters are distributed between clusters
(smaller is better distributed).
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Nano-Maufacturing

Ve o Lt

One View of NM

* Proposition: The Challenge is to Build
Hierarchy

* The formation of bulk network on the cm
scale is dictated by the nature of clustered
aggregates and the surface chemistry and
particle size, and mixing Kkinetics

* The point of particle modification is to
control immiscibility and hierarchical
emergence not to enhance miscibility

Hierarchical structure is associated with
hierarchical dynamic response
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3660094 - Quantification of nano-dispersion in polymer nanocomposites: A thermodynamic
analogy 03:40pm - 04:00pm USA / Canada - Eastern - March 22, 2022 | Location: Virtual 21
Gregory Beaucage, Presenter; Kabir Rishi

Division: [PMSE] Division of Polymeric Materials Science and Engineering

Session Type: Oral - Virtual

Nanoparticles in solution are characterized by colloidal thermodynamics such as the second virial coefficient and Debye charge
screening. We have found that this approach can be adapted to kinetic mixing in Banbury mixers, twin screw and single screw
extruders. An analogy is made between thermal dispersion and kinetic dispersion. This allows adaptation of the van der Waals
model to describe nanoscale dispersion in terms of enthalpic interactions and excluded volume. Enthalpic interactions can be in
the form of specific interactions that lead to correlated nanoparticles or mean field interactions that result in disordered
particles. Specific Coulombic interactions display Debye screening that can result in a critical concentration where a transition
between specific and mean field behavior is observed. In many situations, such as elastomer reinforcement, nano-scale
dispersion is not optimal since agglomeration on the nano-scale can enable the formation of a network on macroscopic scales

assocated with properties such as tear resistance.
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Hierarchical emergent structure in commercial colloidal and polymeric systems

Greg Beaucage, Professor of Chemical and Materials Engineering
Kabir Rishi, CDC/NIOSH

Department of Materials Science & Engineering, University of Cincinnati

One View of NM:
* Proposition: Nano-Manufacturing Involves Hierarchy, The Challenge is to Build Hierarchy

* The formation of bulk network on the cm scale is dictated by the nature of clustered aggregates and the
surface chemistry and particle size, and mixing Kinetics

* The point of particle modification is to control immiscibility and hierarchical emergence not to
enhance miscibility

e The hierarchical structure is associated with hierarchical dynamic response
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