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Material Science Universe

Metals
Ceramics
Polymers
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Hybrids



Examples of Hybrid Materials

“Traditional” Composites (metal, ceramic, polymer)
•Matrix material typically reinforced with fabrics, fibers, or particles

Fibers, Yarns & Fabrics
•Fabrics are typically constructed from woven, knit, or non-woven yarns or fibers

Natural Materials
•Plant fibers, animal skins, wood, paper, cardboard, etc.

Hybrid Structures
•Sandwich panels, foams, lattices, etc.
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Hemp-Reinforced PLA

• Pocono OrganicsHemp Waste

• Jefferson à Air ProductsCryo-Grinding

• Jefferson à AddisperseCompounding

• Jefferson à Echo MoldingMolding

• Pocono Organics à JeffersonTesting

• Pocono Organics à UNSAMComposting



10% Hemp Reinforced PLA
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Acid Hydrolysis of Hemp

5% CNP in PVOH

CNP 5% CNP in PVOH



P3HB Production

2-Liter



Process Scalability

2-Liter 250,000-Liter200-Liter
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Retting 
Techniques

Microbes

Field (dew) Natural or 
Artificial

Water Natural or 
Artificial

Enzymes Scouring Natural or 
Artificial

Mechanical Roller Mill, 
Hammer Mill, etc.

Physical Steam, Plasma, 
Osmosis, etc.

Chemical Acid, Alkali
Ammonia, etc.

Alternate Retting Processes



Alternate Acid Hydrolysis Processes

Sulfuric Acid Organic Acid No Acid
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