KANBAR COLLEGE OF DESIGN, ENGINEERING & COMMERCE

/
Hemp-Derived

Hybrid Materials

Dr. Ronald Kander, Dean of Kanbar College &

v

JefferSo

ssssssssssssssssssssssss

Senior Associate Provost for Applied Research



Today’s Discussion

Hybrid Materials (Composites)

Hemp-Derived Hybrid Materials

Jefferson Research Examples

a@JEfferson THOMAS JEFFERSON UNIVERSITY KANBAR COLLEGE OF DESIGN, ENGINEERING AND COMMERCE




Steels
Cast irons
Al alloys

Metals

Cu alloys
Zn alloys
Ti alloys

Material Science Universe

PE, PP, PET,
PC, PS, PEEK

Metals

Aluminas

0 Silicon carbides PA (nylons)
Ce ramics Ceramics Composites Polymers

i e Sandwiches

Silicon nitrides Polyesters

PO ly I l rS Zirconias Hybrlds Phenolics

Epoxies
Segmented structures

Lattices and

(Glasses)

foams
(Elastomers) e ' fene
" Borosilicate glass Butyl rubber
Hyb rids Glasses Elastomers

Silica glass
Glass-ceramics

Natural rubber
Silicones
EVA

=®Jefferson | THOMAS JEFFERSON UNIVERSITY | KANBAR COLLEGE OF DESIGN, ENGINEERING AND COMMERCE



Examples of Hybrid Materials

“Traditional” Composites (metal, ceramic, polymer)

» Matrix material typically reinforced with fabrics, fibers, or particles

Fibers, Yarns & Fabrics

e 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-Derived Hybrid Materials
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U.S. Industrial Hemp Market BEVvVE

size, by product, 2020 - 2030 (USD Million) GRAND VIEW RESEARCH

$6,249 M

21.0%

U.S. Market CAGR,
2022 -2030

$925M$1124M I
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Current Hemp Project Map

Hemp Biomass Utilization

Hemp Hemp Hemp Hemp
Reinforced Rei nforced Derived Derived
PLA CNP P3HB
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Hemp-Reinforced PLA

Hemp Waste « Pocono Organics
Vo R CIalalei[s[- 3 - Jefferson - Air Products
Compounding [EREIEEIEEYslHITE

Molding . Jefferson > Echo Molding
Testing « Pocono Organics > Jefferson
Composting « Pocono Organics > UNSAM
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10% Hemp Reinforced PLA
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Current Hemp Project Map

Hemp Biomass Utilization
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Reinforced Remforced Derived Derived
PLA CNP P3HB

a Jefferson | THOMAS JEFFERSON UNIVERSITY | KANBAR COLLEGE OF DESIGN, ENGINEERING AND COMMERCE




A SRR

.




Acid Hydrolysis of Hemp

DILUTE FILTER T0 CATCH
HEMP CELLULOSE
dﬁ WASH TO SOLIDS <@s

X
S SEPARATE
& LIGNIN

ACID
M HYDROLYSIS
T0 REDUCE
CELLULOSE TO
SUGAR FOR
BACTERIA
E>| (| T0EAT

4

W, N
U sugag soW°

@ 5% CNP in PVOH

a@JEfferson THOMAS JEFFERSON UNIVERSITY KANBAR COLLEGE OF DESIGN, ENGINEERING AND COMMERCE




P3HB Production
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Process Scalability

2-Liter 200-Liter 250,000-Liter
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Hemp Biorefinery @
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Alternate Retting Processes
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Alternate Acid Hydrolysis Processes
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