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Sovereign Materials: The Hempoxies Architecture

Molecular Engineering of 1D Diamond Nanothreads and Hierarchical Vitrimer Bionanocomposites
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The Grounded Alchemical Blueprint

The global materials industry is at a critical inflection point. Traditional epoxies form irreversible networks—a thermodynamic
dead-end. The Organic Revolution 2030 mandates a transition to 100% bio-derived, infinitely adaptable sovereign materials.

THE PETROCHEMICAL CUL-DE-SAC

[ EXTRACTIVE MINING ]

!

[ ENERGY-INTENSIVE REFINING ]

Strategic vulnerability: Reliance on
foreign oil and PAN precursors.

’

[ THERMOSET CURING ]

(IRREVERSIBLE COVALENT BONDS)

v

ENVIRONMENTAL DEBT /
DEPRECIATION TO ZERO

THE SOVEREIGN MATERIALS PARADIGM

RAPID-ROTATION

CROP
(Cannabis sativa L.)

COVALENT
L ADAPTABLE
THERMAL
REPROCESSING NET"'{VQRKS
(Vitrimers)

STRUCTURAL
BULLION
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100% of the chemical mass decoupled from the petrochemical supply chain
4 N
Il Source: Seed |
C1: EHSO (Epoxidised Hemp Seed 0il) Vv N
Primary oxirane-bearing matrix monomer. Source: Bast (Bark) |
A 7|
Cé6: HDCF (Hemp-Derived Carbon Fibre)
- Macro-structural reinforcement.
4 . C4: HDCNS (Mitlinite Nanosheets) -
Source: Hurd (Core) | 2D graphene-like percolation network.
L. 4
C3: Hemp-FGE (Furfuryl Glycidyl Ether) & <
- Reactive diluent for viscosity
management. \
C5: HDB (Hemp Biochar) - Micro-filler
for compressive stiffness. i,
N 7 |/ N
Source: Leaves/Roots |
4 N 7 C7: Bio-Silica/Tannin - Interfacial
Source: Stalk | 7\ : covalent bridging agent.
C2: QF-MHL (Seshat's Lignin) (AR T N 4
- Quadruple-function hardener & 700
vitrimer catalyst. AL\
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The Vitrimer Engine
Topology State Diagram

State 1 (Below Tv) State 2 (Above Tv)

Topology Freezing Transition s W . I~ '
Temperature (Tv) i1/

C:_,,,,) *"”H\f

Frozen Network. Behaves as a robust, cross-linked thermoset. Dynamic Transesterification. Bonds break and reform
simultaneously. Total cross-link density remains constant while
material flows.

Ballistic Thermodynamics: Impact Response

" e Catastrophic
Traditional Emetm 5 Haat 5 Brittle /V‘%}"
Epoxy nergy Shattering < g
: 82 Adiabatic : Dynamic bond Total
Hempoxies E'”Et": —> Heating L D}""S-CD”.S — rebérrangement —>  failure -@@—
Vitrimer el T EEipRion & re-locking prevented
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Resolving the Rheology Paradox

State 1 (The Paradox)

State 2 (The Chemical Solution)

Viscosity: >5608 mPa-s

Status: Without intervention, van
der Waals forces cause carbon
nanomaterials to

agglomerate into dense stress
concentrators. The resin is too
thick for Vacuum-Assisted Resin
Infusion (VARI).

State Change &

Homogenisation

Viscosity: <1266 mPa-s at 66°C

Status: D-Limonene (reactive
terpene) and Hemp-FGE (reactive
diluent) completely shatter the
viscosity.

Tannin bio-surfactants coat the
carbon, allowing extreme high-shear
homogenisation without toxic VOCs.
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The Tri-Phase Carbon Hierarchy

Macro-Scale “ D} : Bulk tf‘,'niile s’grfngth.:r ﬂ]ﬂ MPa.
Hemp-Derived Carbon Fibres (HDCF). \

Bulk tensile strength > 800 MPa. / Micro-Scale (3D)

Nano-Scale (2D) \

10°2 - 10"3 S/m electrical
percolation network.
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Hemp Biochar (HDB).
Sub-53 micron filler. e
Increases compressive modulus and acts Mitlinite Nanosheets [EEEHS}- o \
as a permanent carbon sink. Creates a tortuous path for moisture; 10* A
: /" | -10°3 S/m elactrical percolation network. The Molecular Limit (1D)

l Sub-nanometre rebar
offering uitimate
molecular stiffness.

Diamond Nanothreads (HDDNS).
Sub-nanometre rebar offering ultimate

molecular stiffness. /
/4
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Nanothread Synthesis: The Furan Pivot

N

Step 1 Step 2

e

Biomass: Hemp hurd Precursor: Hydrothermal The Landry Cycle: Final State:
hemicellulose. liquefaction yields Pressure-Induced 1D Diamond Nanothread.
highly pure Furan rings.J Polymerisation.




Industrial Viability: The Piston-Laser Scalability Breakthrough

The Industrial Pressure Barrier
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[ Hardware: Diamond Anvil Cell (DAC). _J

4

Mechanism: Broadband UV light.
Suffers optical attenuation; surface-level
polymerisation only.

Yield Constraint: Microscopic mm® scale.

Tens of thousands of cycles needed for a 300g batch

The TPA Scalability Breakthrough

2

Hardware: Industrial Tungsten Carbide
Piston-Cylinder Press

Mechanism: Resonant Two-Photon Absorption
(TPA) via 458nm femtosecond laser.
Volumetric, synchronous polymerisation.

Yield Breakthrough: Pressure floor reduced to 5

GPa. Yield jumps 1000x to cm?® scale.
1076 kg/year output becomes industrially viable.
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The Landry Interface

sp3 Carbon Lattice Bio-Silica/Tannin Coupling Agent EHSO Polymer Matrix
/ : _
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sp3 Carbon Lattice Bio-Silica/Tannin Coupling Agent EHSO Polymer Matrix
1. Silica extracted from calcined 2. The bi-functional organosilane 3. The organic tail co-polymerises
hemp leaves is reduced via molecule forms permanent siloxane directly into the EHSO matrix.
magnesiothermic reduction to (Si—0-C) bonds with the carbon
elemental silicon. lattice.

Takeaway: The Hemp- Derwed Sllane Coupllng Agent creates a contlnuous chaln of covalent bonds from
the diamond core directly into the polymer matrix, eliminating interfacial slip.
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Hempoxies v.17: The Fixed-Datum Architecture

C8: Zinc Acetate Catalyst -|8.25%

|C1: EHSO (Matrix) _

C2: Citric Acid (Co-crosslinker) -|11.94%] -

C7: Bio-Silica/Tannin -[5.25%]\

—C3: Hemp-FGE (Diluent) -|8.96%

C6: HDCF (Carbon Fibre) -|23.88%

;

' ;I‘“ﬁﬁd: HDCNS (Graphene) —|1.99%|

The Mathematical Lock

» Epoxy to Carboxyl ratio strictly maintained at
1.51:1.00. This 20% excess of epoxy ensures
. o — p— complete acid consumption and facilitates
CS: Biochar -|4.98% secondary hydrogen bonding.

« |nter-lab coefficient of variation (CV) <5%.
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The ‘Titanium Killer’ Performance Matrix

Metric Hempoxies Aerospace Alum Grade 5
(v.17 / Targets) (7075-T6) Titanium

Ultimate Tensile >2.4 GPa

Strength (Moonshot: 8.5-10.2) ~0.57 GPa ~0.90 GPa

Specific Tenacity 4.1 x 107 N-m/kg 2.1 x 18”5 N-m/kg --

1t >90% ~30%
Recyclability Rate (Infinite vitrimer metathesis) (Alluysg Low
Embedded Energy 45 MJ/kg 210 MJ/kg >1000 MJ/kg

Petrochemical
GFRP

~0.25 GPa

0%
(Thermoset Dead End)

286 MJ/kg
(PAN precursor only)

Summary: At a density of just 1.45 g/cm? vs Titanium'’s 4.43 g/cm?, theoretical
simulations project 7.7x the specific strength of aerospace titanium, achieved at an

84% reduction in industrial energy consumption.
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The ‘Structural Bullion’ Lifecycle

Top Tier
(Digital Layer)
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Material Identification Code
(MIC) linked to NFT
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Top Tier
(Digital Layer)

HEMPOXIES ELIMINATES
THE CONCEPT OF
‘DEPRECIATION TO ZERO:,

Bottom Tier
(Physical Layer)
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HEMPOXIES
STRUCTURAL BEAM »;°

AEROSPACE
CHASSIS
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Decades of infinite reprocessing
‘ via mild zinc-acetate triggers

Without catastrophic
mechanical loss during
recycling, a vehicle chassis
becomes asset-backed
infrastructure—a fungible
store of value.

Mapped via Dual-Layer
Proof of Reserve,
tokenised programmable
matter becomes a
commodity-backed real-
world asset.




Future Horizons: Martian ISRU & Orbital Architecture
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In-Situ Resource Utilisation (ISRU)

Vacuum & Radiation Stability

The covalent silane bridge
“{. prevents micro-cracking during the
_rapid thermal shocks of vacuum.

By utilising the Martian atmosphere The hydrogen-rich aliphatic

./ chains of the EHSO matrix

%4~ provide superior scattering of

e /%~  galactic cosmic rays compared to
) heavy aluminium hulls.

Seeds to Starships. . —
Colonists cannot wait for steel |

deliveries. +
(C02) and subterranean water ice,
colonists can grow the raw

!
botanical feedstocks to synthesise _,, A
Formula 9 directly on-world. SNes

The architectural blueprint for a civilisation built not on extraction,
but on air, sunlight, and the molecular perfection of the diamond flower.
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