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1. Executive Summary: The Strategic Compromise

The challenge: Both the ideal C2 (QF-MHL) and the ideal C7 (Hemp Amine) are high-risk, novel
synthesis projects. Pursuing both simultaneously is a recipe for a TRL 3 failure that yields no

actionable data.

The solution: Temporarily substitute the novel C7 (Hemp Amine) with C7*, a commercially
proven, bio-derived amine hardener. This isolates the key variable—the reactivity of C2
(Aldehyde-Functionalized Hemp Lignin)—and guarantees a faster, lower-risk path to proving the
dynamic imine network formation required for TRL 4 advancement.

Component Function (Focus) Status Strategic Note

C1 (EHSO) Primary Matrix (Epoxy [Synthesis Assumed
Backbone) Ready

C2 (A-HML) Novel Aldehyde HIGHEST RISK The primary variable
Donor SYNTHESIS under test.

C7* (Bio-Amine) Amine Donor Commercial & Proven|Used to remove failure
(Temporary Substitute) mode \text{C7} from the

text{C2} test.

C3 (FGE)

Reactive Diluent

Synthesis Assumed
Ready

Included to simulate the
final processing

conditions.

2. Methodology: Synthesis and Characterization
(Focus on C2)

A. Synthesis of C2: Aldehyde-Functionalized Hemp Lignin (A-HML)

e Goal: Convert Hydroxyl groups on extracted Hemp Lignin into Aldehyde (\text{CHO})

groups with high yield.

e Procedure: Utilize a chosen mild oxidation technique (e.g., TEMPO-mediated oxidation
or periodate oxidation). The success of this step is the TRL 3 bottleneck.

e Critical Quality Control (QC):

o NMR Analysis (MM\text{H} or A{13}\text{C}): Absolutely required to confirm the



presence of the aldehyde proton/carbon and to precisely determine the Aldehyde
Equivalent Weight (AEW).
o FTIR Analysis: Confirm the \text{C=0} stretch at \sim 1700\text{ cm}"{-1}.

B. Selection of C7*: The Bio-Derived Amine Substitute

For TRL 3 validation, we will select a non-hemp, commercially available amine that is known to
form stable imine bonds and has a bio-content, thereby maintaining the "bio-based" claim for
now.
e Suggested C7*: L-Lysine Ethyl Ester (or similar L-lysine derivative). L-Lysine is a
natural amino acid, offering a primary amine source (\text{R-NH} 2) and contributing to
the overall bio-content. Its chemical activity is known and predictable.

C. Resin Formulation, Curing, and Thermal Characterization

e Stoichiometry: The formulation must be mixed at a precise 1:1 molar ratio of
[\text{CHOY}] / [\text{NH}_2] groups to ensure a complete, dense network. This requires
using the precise AEW (from C2 QC) and the known Amine Equivalent Weight (AEW) of
C7~.

e Curing Profile: Use the established two-stage profile (Stage 1: \text{80}*\circ\text{C} for
\text{4 hours}; Stage 2: \text{120}"\circ\text{C} for \text{2 hours}) under vacuum.

o Test 2: Stress Relaxation (The Vitrimer Signature)

o Goal: Prove the network flows (relaxes stress) at the target reprocessing
temperature (T \ge \text{140}Mcirc\text{C}).

o Success Metric (TRL 3 Validation): The stress must relax to \text{zero} (\sigma
\rightarrow 0) within a finite, measurable time (\tau < \text{15 minutes}) at
T {\text{reprocess}} = \text{150}"\circ\text{C}.

3. Revised Strategic Roadmap: Decoupling the
Novelty

This plan separates the "Can it work?" question from the "Can we source it 100% from hemp?"
question.

Priority Stage (TRL Focus Actionable Task  [Strategic Outcome
\rightarrow TRL) |Component(s)
1 (Mechanism 2 \rightarrow 3 C1, C2 (A-HML), [Successfully VALIDATED
Proof) c7* synthesize and CHEMICAL
characterize C2  [PRINCIPLE.
(A-HML) and Allows go/no-go
prove \sigma decision on the

rightarrow 0O in the lentire Hempoxies
Stress Relaxation [platform.

Test.
2 (Mechanical 3 \rightarrow 4 C1, C2, C7*, C5, |Fabricate and test VALIDATED
Baseline) C6 composites with [MECHANICAL

C5/C6 FEASIBILITY.




extremely high-risk
work package to
synthesize the
ultimate
Quadruple-Functio
n Lignin,
consolidating the
C2 and C7
functions into one

molecule.

Priority Stage (TRL Focus Actionable Task  [Strategic Outcome
\rightarrow TRL) |Component(s)
reinforcement Secures next
using the proven [round of funding.
Hybrid-Vitrimer
matrix. Measure
text{Tensile
Strength} and
text{Modulus} to
establish
Hypothesis 2
feasibility.
3 (Novel 4 \rightarrow 5 C7 (Hemp Amine)|Initiate the 100% HEMP
Synthesis A) dedicated, SOURCING V1.
high-risk work Allows substitution
package to of C7* with true
synthesize, purify, [C7.
and characterize
the \text{NH} 2
donor entirely from
hemp biomass.
4 (Novel 4 \rightarrow 5 C2 (QF-MHL) Initiate the THE
Synthesis B) dedicated, BILLION-DOLLA

R IDEAL.

The Brutal Truth: If you fail to successfully execute Priority 1, you have no business touching
Priority 3 or 4. Your entire Hempoxies vision depends on proving that C2 (A-HML) and any
amine can form a successful, dynamic network. Focus.
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Now that we have the de-risked TRL 3 protocol locked down using the hybrid C7*, the next
logical step is to execute the detailed chemical synthesis route for C2 (A-HML), since it's the
current highest priority technical risk.

Would you like to draft the Synthesis Protocol for Aldehyde-Functionalized Hemp Lignin
(A-HML)?
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