HEMPOXIES 101

FUNDAMENTALS OF HEMP-BASED BIO-EPOXIES & VITRIMERIC NANOCOMPOSITES

Landry Industries Materials Science Initiative

Document ID: HMX-101-PRIMER

Hempoxies represent a next-generation materials science platform engineered to replace petroleum-
derived thermoset epoxies and bisphenol-A (BPA) precursors. By leveraging epoxidized hemp seed oil
(EHSO0), modified lignin cross-linkers, and nanoscale carbon phases, Hempoxies transition composite
manufacturing from linear fossil-fuel reliance toward circular, carbon-negative material networks.

1. Structural Components of the Platform

A. Epoxidized Resin Matrix

Synthesized by epoxidizing unsaturated fatty acids in

hemp seed oil (EHSO) or organosolv lignin platforms

to construct renewable oxirane architectures capable

of thermoset cross-linking.

C. Carbon Nanosheets (HDCNS)

Nanostructured carbon synthesized from hemp bast
byproducts, providing interphase shear strength,
electrical dissipation, and nanoscale mechanical
reinforcement.

Key Architectural Distinction: Vitrimeric Networks

B. QF-MHL Cross-Linker

Quadruple-Function Modified Hemp Lignin
(theoretical model) designed to act simultaneously
as compatibilizer, dynamic vitrimer binder, flame
retardant, and UV stabilizer.

D. Bast Fiber Reinforcement

High-tensile industrial hemp bast fibers providing
primary structural load transfer, flexural modulus,
and high strength-to-weight performance in
structural laminates.

Unlike traditional thermoset epoxies that remain permanently locked once cured, advanced Hempoxy

formulations utilize Covalent Adaptable Networks (CANs). Dynamic transesterification or disulfide exchanges
allow heat-induced topological rearrangement, enabling full material repair, reshaping, and circular solvolytic
recycling.

2. Material Performance Matrix

Property / Metric Standard BPA Epoxy Commercial Bio-Epoxy Hempoxies Platform (Target)

Bio-Based Content 0% (Petroleum derived) 20% - 40% (Partial seed oil) =~ 85% - 100% (Full hemp integration)

BPA Toxicity High (Bisphenol A standard)  Variable / Reduced 0% Non-Toxic Precursors

Dynamic Recyclability None (Landfill thermoset) Limited degradation 100% Solvolysis / Vitrimeric CANs

Tensile Strength / Mass  High (High density) Moderate High (Lightweight damping)
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3. Organic Chemistry Foundations

To transition theoretical bio-nanocomposite models into validated physical chemistry, precise control over
oxirane ring-opening and phenolic functionalization is required. The synthetic pathway shifts reactive
double bonds in hemp fatty acids into oxirane rings via peracid epoxidation.

RCOOOH + Amine / Lignin
-CH=CH- — A — Thermoset / Vitrimer Matrix
-CH-CH- Dynamic B-hydroxy ester bonds

Oxirane (EHSO)

Unsaturated Fatty Acid

4. Applied Organic Chemistry Study Roadmap

1. Reaction Mechanisms 2. Lignin Derivatization

Master Nucleophilic Ring-Opening of epoxides by Study Mannich amination, etherification, and
polyamines and anhydrides. Study kinetics of esterification pathways to attach functional reactive
$S_N2$ additions and acid-catalyzed oxirane ring sites directly onto organosolv phenolic backbones.
activations.

3. Dynamic Covalent Kinetics 4. Analytical Characterization

Focus on transesterification and disulfide bond Master spectroscopic identification: T NMR
exchanges. Understand how topology freezing (oxirane protons at 2.8-3.1 ppm), FTIR (oxirane C-O

temperature (7 v) dictates vitrimer re-processing. peak at 822 cm"1) and GPC molecular weight

tracking.

Key Characterization Target (FTIR Quantification):
Oxirane Conversion (%) = [1 - (Agpz, t / Atees, t) / (Ag22, 0 / A1ees, 0)] > 1060

Where Ag,, is oxirane C-0 stretch and A gg9g is aromatic reference peak.

Summary & Strategic Path

Translating the Hempoxies pre-experimental framework into validated physical reality requires applying formal
organic chemistry techniques—specifically verifying functionalization yields via NMR/FTIR and conducting
standardized ASTM D638 tensile testing on laboratory-cured plaques.
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