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Polymer Hybrids on the Nanoscale

Nanoscale Additive
(“filler”, “dispersed phase”)

Base Polymer
(“matrix”)

HYBRID
with improved properties

o Mechanical robustness (tensile strength, stiffness, toughness, hardness)

o Thermal stability (melting, degradation, expansion)
o Chemical resistance and gas barrier improvements
o Electrical and thermal conductivity
o Flame retardance

.. and many others!
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Polymer Matrix
o Polyethylene (PE) o Polystyrene (PS)
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o Polylactic acid (PLA)

] Polyethylene terephthalate (PET)

o Polypropylene (PP) o Polycaprolactone (PCL)
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Challenges

Ideal Morphology of Blends and Nanocomposites

o Well-separated (“exfoliated”, “intercalated”) from each other
o Well-dispersed throughout the polymer matrix
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Previous Fabrication Techniques:
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Small-scale production
Use of solvent

o Nanosilica
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Characterization Methods

Structural Characterization

o Gel permeation chromatography (molecular weight)
o Optical microscope (macro-scale)

@ Scanning electron microscope (micron-scale)

o X-ray diffraction (nano- and Angstrom-scale)
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Thermal Behavior Probing
o Differential scanning calorimetry (T Tglasss
o Thermogravimetric analysis (Tgegradation: filler content)
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Mechanical Property Measurement Tensile

o Uniaxial tensile and compression test (modulus)
o Impact test (impact strength)

o Hardness test (hardness)

o Dynamic mechanical analysis (rubbery/ glassy)

Barrier Properties
o Oxygen permeation (O, Permeability)
o Water vapor transmission (WV Permeability)

Results
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Solid State Processing Methods

a Mechanochemistry in the solid state (Delow T ey OF Tgjass)
o No solvents, monomers, additives, compatibilizers, heat
o Chain scission, intimate mixing, ultimate dispersion

Cryogenic Mill (Cryo-mill)
o Impaction of milling medium against material (at -196°C)
o Laboratory scale (scientific)
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Liquid nitrogen bath

Solid-State Shear Pulverization (SSSP)
o High compressive & shear forces in the solid state (at -12°C)
o Industrial scale (Commercial)

Recirculating chiller fluid

Reduction

Conveying and pulverizing

Spex Freezer/Mill 6850

Berstorff ZE25A-UTX

o Flake, powder, particulate
o Depends on process parameter and materials
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Mechanical & barrier

Pure PP (Total PP 3276)

PP 3wt% Clay (Nanocor PGW)

PP 3wt% Graphite (Asbury 4827)
PP 3wt% Cellulose (Aldrich 20um )
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