H43: The Kinetic Architecture

A Structural Bio-Based Vitrimer Composite System
with Hierarchical Nanocarbon Reinforcement
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The Flexibility-Rigidity Paradox & The Thermodynamic Trap
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The High Ground The Trap
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_ high-value carbon fibers.
but are thermodynamically — —
locked in their final state.
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Irreversible crosslinking means thermosets cannot be melted,
reshaped, or dissolved without breaking the primary covalent backbone.

|
m——— N\ The Result: Global waste
_ — L accumulation and mandatory
Modern CFRPs achieve landfilling/incineration of
exceptional specific strength




Benchmarking the Paradigm: Overcoming the
Composite Dilemma
H43 solves the mutual exclusivity of structural rigidity and complete chemical circularity.

Chemical

Natwa sk Modulus Recyclability | Self-Healing |Multifunctionality| Bio-Content
Traditional Permanent Medium (Lagggillf Nona MO e Chonal 0%
Epoxy 828 Thermoset (2-4 GPa) Incineration) (Petroleum)
PEEK Linear/Branched High Melt Mo Moo flinat fenal 0%
(Thermoplastic) Chains (3-5 GPa) Reprocessable (Petroleum)
Dynamic : :
H43 Vitrimer | Covalent (3_H4196“Pa) Chemical/Melt m%}gg;%mg T ool 55-70%
(Vitrimer)
Dynamic : . :
Very High : Full Healing Conductive e
H43 + HDCNS (Sggiiﬁg:) (40-60 GPa) Chemical/Melt (>80%) (10-100 S/m) 60-75%
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The Transesterification Engine:
Dynamic Covalent Chemistry

State 1: Permanent Thermoset

Locked Topology.
Cannot flow without breaking.

State 2: Thermoplastic
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Yields to heat.

Loses structural integrity.

r‘.
Topology Freezing Temperature (Tv)
= 10712 Pa:s viscosity limit

State 3: H43 Vitrimer
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Associative Bond Exchange.

At temperatures > Tv, zinc-catalyzed transesterification allows the network to
rearrange like a viscoelastic fluid while maintaining absolute constant crosslink
density. The material changes shape without losing structural continuity.



The 5-Level Hierarchical

Level 3: Primary Reinforcement

Architecture

(Continuous PAN Carbon Fiber)

Data : 128 MPa
Core Typt : B.5%
Scase Helght : 6.6%

Level 2: Interphase
(Epoxidized Lignin)

Data : thin
Coating : (Epoxidized Lignin)

Dynamic stress distribution

Level 1: Bulk Vitrimer Matrix

HELE : Bulk

Matnrix . raw catalyst
Raw catalyst : gold

Salvent : clean blue

Level 4: Multifunctional Nano (HDCNS)

Data . HDCNS
Valorix : raw catalyst
MNano sheet : Gold

Electrical perceclation

Level 5: Micron Filler
(Hemp Biochar)

Data - Poros
Height : 18ros

Exothermic heat management

L

Macro View
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The Formulation Masterplan:

Engineering the Level 1 Bulk Matrix

| 40.0% Epoxidized
O

zihghhfhfgﬁfhgﬁWT Hempseed
0il (EHO)

0

Role: Aliphatic Backbone

O

Hﬂjrfxvfﬂafﬁngk- LA
°" Sebacic Acid

0

Role: Bio-hardener &

'\\

7/

Hydroxyl generatur'/

. 20.0%
ﬂi}fﬂ“”HLl Furfuryl Glycidyl
Ether (FGE)

Role: Aromatic Rigidity (Modulus

\rbuust from 1.2 to 3.0 GPa)

.

S A L6l [FilF e
“n’ ‘jr’ Acetylacetonate

Role: Dynamic Transesterification

d Catalyst

Resolving the flexibility-rigidity paradox requires a ternary blend. EHO provides the bio-based
backbone, FGE injects aromatic stiffness, and Sebacic acid drives the curing stoichiometry.
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Multi-Scale Synergies: Nanocarbon Reinforcement Strategies

Instead of competing, these fillers address unique failure modes across distinct
dimensional planes, managing everything from molecular fracture to bulk thermal gradients.

Micron Scale

3D / Micron (1-50 pm) | Hemp Biochar (3.0 wt%)

Role: Exothermic heat sink, UV stability, matrix nucleation.

2D (2-10 nm thick, 5 pym lateral) | Hemp-Derived Carbon
Nanosheets / HDCNS (2.0 wt%)

Role: Electrical/thermal percolation, 2D modulus enhancement.

1D (5-20 nm) | Hemp CNCs (1.0 wt%)

‘IIJlllllI|IIIIIIIII[LlJi|IiIILMI|IIH‘IIII|IIII|III=I_|_I_ILL‘

Role: Transverse reinforcement, crack tip blunting.

Nano Scale
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Precursor Engineering:
The HDCNS Synthesis Pipeline

' 180°C | 24 hrs | | ' KOH 3:1 ratio | 700- " Epichlorohydrin +
- ~10 bar autogenous 800°C | N2 Atmnsphergi . NaOH | 60°C .
Stage 1: | ‘
| Feedstock |
sydrothernal l3\| Stage 3: Jiteines
| S T # Chemical ‘ .
| Carbonization -—ﬁ—l/// e o Integration
| (HTC) (Epoxidation)
Decorticated Hemp Yields structural Yields mesoporous Grafts glycidyl ether
Bast Fibers Hydrochar sheets groups for covalent
bonding
\ )

|

The resulting 2D sheets boast an exceptional surface area (1,800-2,287 m?/g) and
in-plane conductivity (211-226 S/m), primed for dynamic network participation.
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Laboratory Execution: Matrix Compounding Sequence

1. EHO + FGE blended at 60°C.
2. Sebacic acid dissolved until optically clear.

3. CNCs dispersed via high-power probe
sonication (300W).

4. Critical: HDCNS added via low-power
sonication (150W) to prevent sheet fracture.

5. Pre-dissolved Zn(acac)2 catalyst added.

Danger: Risk of exothermic

e R P auto-acceleration if
6- EpOdelZEd ngnln lntegratEd. sequence 1s violated.

" Rule: HDCNS must be integrated #*after* CNC sonication '
% to prevent competitive aggregation. 4
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H43 Target Performance Dashboard

Meeting aerospace secondary-structure and automotive primary-structure
standards while maintaining majority bio-based sourcing.

400 - 600 S 280°C 10 - 100 55 - 70%

MPa S/m
|
Young's Modulus Tensile Strength Thermal Degradation Onset Electrical Conductivity Renewable Content
(Structural-grade stiffness) (Load-bearing capacity) (High service temperature) (Enables =30 dB EMI shielding) (Bio-based feedstock)
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Self-Healing Kinetics & Fracture Recovery

> 80% Healing Efficiency

Modulus

Mechanic: At T > Tv,
the HDCNS-matrix
interface relaxes
stress concentrations.

The massive surface
area of HDCNS
perfectly

distributes the zinc
catalyst, accelerating
transesterification
directly at the
micro-fracture sites.
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" End-of-Life: The Circular Disassembly Line

. Associative bond exchange systematically dismantles the rnatrlx "
~ without subjecting the continuous carbon fibers to the brutal

. temperatures of pyrolysis. Result: >95% Fiber Recovery. /_ Recovered material routed directly

a1

14 Qi - 22058
RGO 8. £0:3500

Finished H43 @ /

back to manufacturing pipeline.

~N

\

Matrix dissolution into liquid

4 precursors. Pristine, un-shortened
Submersion Bath carbon fiber tows and filterable
HDCNS remain.

Ethylene Glycol + Heat
(Excess Hydroxyls)




Strateqgic Deployment Vectors

H43 avoids the regulatory hurdle of primary aerospace drop-ins, capturing
immediate value in secondary structures and circular infrastructure.

Automotive Structural
Panels

— Focus on crashworthiness and
dynamic stress absorption.

— High-speed thermoformability.

— Battery enclosures utilizing
HDCNS for EMI shielding and
thermal management.

m/{,\
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Wind Energy
Systems

— Chemical welding of modular
blade segments on-site.

— Utilizing HDCNS to replace
heavy copper mesh for lightning
strike protection.

— Circular end-of-1life for
decommissioned blades.
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Aerospace Secondary
Structures

— Non-load-bearing interior cabin
protection.

— Electronics protection and
radomes.

— Rapid FAA/EASA certification
paths avoiding primary
structure delays.
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The Validation Roadmap .e

to Statistical Certainty

Gate 4: Pilot Readiness

External lab blind-testing and
round-robin environmental audits.

Gate 3: The Performance Index (PI]

Normalizing mechanical, healing, and
conductivity specs against Carbon Footprint LCA.

Target: PI_H43 2 2.0x Petroleum Benchmark.

Gate 2: Statistical Proof

Minimum 15 micromechanical

Hde I L el “H43 is a Kinetic Architecture with
Multifunctional Intelligence.
ate 1: Multi-Factor ' ‘ Eal=h
Gate 1: Multi-Factor DOE We are enqgineering the end-of-life
Factorial variables mappin - . :
e el el o into the miole;f:ular inception of
HDCNS wt%. the material.
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