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Abstract

This paper presents a comprehensive theoretical framework, originated by the author,
Marie Seshat Landry, for integrating Hemp-Derived Carbon Nanosheets (HDCNS), also
known as hemp graphene, into composite materials across a broad spectrum of matrices.
This work defines a novel theoretical material class termed HDCNS-Composites. HDCNS,
recognized from prior research primarily for properties like high specific surface area valu-
able in energy storage devices such as supercapacitors [1], are proposed herein, based on the
author’s original theory, for a novel and systematic application as advanced reinforcements
in composite materials science. The Diamond Composites Theory is introduced as a specific
subclass within this framework, detailing a theoretical formulation derived entirely from
100% hemp-based, organic components: HDCNS (reinforcement), functionalized hemp oil
epoxy (matrix), and hemp lignin (curing agent/co-reinforcement) – collectively termed the
"Hemp Triforce." Detailed theoretical recipes and integration pathways are presented, in-
cluding the conceptual incorporation of strategic additives or potentially upcycled materials
(requiring significant further definition and validation). This paper systematically explores
the theoretical integration of HDCNS into a wide array of matrices, encompassing bio-
based systems (PLA, PHA), conventional thermosets (epoxies, phenolics), thermoplastics
(PE, PP), elastomers (natural rubber), and advanced high-performance polymers (PEEK,
polyimides). A thorough scientific background drawing on existing literature in materi-
als science, hemp processing, and nanotechnology is provided. Established mathematical
modeling approaches (Rule of Mixtures, Halpin-Tsai equations) are applied conceptually to
predict the theoretical properties of these novel composite systems, alongside proposals for
experimental validation protocols. Critically acknowledging the current theoretical nature of
this framework, all original concepts, theories, formulations, recipes, and theoretical propos-
als presented herein are released under the Creative Commons Attribution 4.0 International
(CC BY 4.0) license to foster open collaboration, accelerate research and development, and
promote innovation in the vital field of sustainable, high-performance composite materi-
als. Rigorous experimental validation is identified as the essential next step to confirm the
proposed properties and performance characteristics.
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1 Introduction

1.1 Background: The Need for Sustainable High-Performance Materials

The relentless advancement of technology across sectors such as aerospace, automotive, elec-
tronics, construction, and energy generation necessitates materials with increasingly superior
mechanical strength, thermal stability, electrical conductivity, and lightweight characteristics
[26]. However, many traditional high-performance composites, typically reinforced with energy-
intensive materials like carbon fiber or glass fiber embedded in petroleum-derived polymer ma-
trices (e.g., epoxy resins, polyurethanes), present significant environmental burdens [30]. These
include reliance on finite fossil fuel resources, substantial energy consumption during manu-
facturing leading to high carbon footprints, and challenges related to end-of-life management,
contributing to landfill waste and microplastic pollution [27]. This paradigm fuels the urgent
global search for sustainable high-performance material alternatives derived from abundant,
renewable feedstocks, featuring inherent biodegradability or recyclability, and facilitating the
transition towards a truly circular materials economy [7].

1.2 Hemp as a Sustainable Feedstock

Hemp (*Cannabis sativa* L.), a non-psychoactive variety of the Cannabis plant, stands out as
an exceptionally promising renewable resource for advanced materials development. Cultivated
globally for millennia for its durable fibers, nutritious seeds, and versatile hurd, hemp offers
compelling environmental advantages [19]. It is a fast-growing crop, reaching maturity in a few
months, requiring significantly less water, pesticides, and herbicides compared to conventional
crops like cotton [38]. Furthermore, hemp actively sequesters atmospheric carbon dioxide during
its rapid growth phase and contributes positively to soil health through phytoremediation and
its deep root system [21]. The plant yields multiple valuable raw materials: strong, stiff bast
fibers ideal for textiles and composite reinforcement [22, 24]; seeds rich in oils suitable for food,
cosmetics, and as precursors for bio-polymers; and a woody core (hurd or shiv) rich in cellulose
and lignin, also usable in building materials and composites [39]. This multifaceted utility makes
hemp a cornerstone candidate for building a sustainable materials future.

1.3 Hemp-Derived Carbon Nanosheets (HDCNS)

A significant frontier in materials science involves transforming biomass into high-value carbon
nanomaterials. Groundbreaking research, notably by Dr. David Mitlin and his collaborators,
demonstrated that hemp bast fibers could be efficiently converted into unique carbon structures
[1]. Through processes typically involving hydrothermal carbonization or pyrolysis, followed
by chemical activation (often using KOH), hemp fiber can be transformed into interconnected,
highly porous carbon nanosheets [1, ?]. These HDCNS materials exhibit exceptionally high
specific surface areas (SSA), with reported values exceeding 2000 m²/g, significantly larger than
many other carbon materials [1]. This high SSA, combined with favorable pore structures and
surface chemistry, has led to outstanding performance in electrochemical energy storage devices,
particularly as electrodes for high-power, high-energy density supercapacitors [1, 20, 23]. Further
research has explored similar hemp-derived carbons for applications in lithium-ion batteries [2]
and other energy storage systems [28, 29].

While these energy-related applications have been the predominant focus of existing pub-
lished research on HDCNS, the fundamental graphene-like structure of the individual nanosheet
layers suggests significant, yet critically underexplored, theoretical potential for HDCNS to
serve as effective reinforcing agents in polymer composites. Their potentially high intrinsic
strength, stiffness, and electrical/thermal conductivity, combined with their sustainable origin,
make them theoretically attractive alternatives to conventional nanofillers like graphene (derived
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from graphite) or carbon nanotubes. This potential application forms the core theoretical basis
of the work presented herein.

1.4 Novelty: The HDCNS-Composites Framework and Diamond Compos-
ites Theory

This paper introduces the novel theoretical framework, conceived by the author
(Marie Seshat Landry), for the systematic integration of Hemp-Derived Carbon
Nanosheets (HDCNS) into composite materials, defining a new theoretical material
class termed HDCNS-Composites. While the synthesis of HDCNS for energy applications
is documented [1], and the use of hemp fibers (macro-scale) in composites is well-known [24],
the specific, systematic proposal of utilizing *nanoscale* HDCNS as the primary reinforcement
across the full spectrum of composite matrices (bio-based, thermoset, thermoplastic, elastomer,
advanced polymers) represents a novel conceptual contribution explored theoretically in this
paper.

Within this overarching HDCNS-Composites framework, the author proposes the specific
Diamond Composites Theory. This theory details a unique subclass of HDCNS-Composites
theoretically formulated to be derived entirely from hemp, utilizing only organic components.
The core of this formulation, referred to conceptually as the "Hemp Triforce," comprises:

1. HDCNS (Reinforcement).

2. Hemp Oil Epoxy (Bio-based matrix).

3. Hemp Lignin (Bio-based curing agent/co-reinforcement).

This specific 100% hemp-derived composition constitutes a novel theoretical material for-
mulation designed to maximize performance potential while adhering strictly to principles of
sustainability and organic sourcing. Furthermore, this paper presents the author’s systematic
theoretical exploration—believed to be the first of its kind—of integrating HDCNS into all
other major classes of composite matrices, providing a comprehensive conceptual map for future
research.

1.5 Objectives and Scope

The primary objectives of this comprehensive theoretical paper are:

1. To formally introduce the novel overarching concept of HDCNS-Composites and the spe-
cific Diamond Composites Theory and its "Hemp Triforce" formulation, as conceived by
the author.

2. To synthesize and consolidate existing scientific knowledge regarding HDCNS synthe-
sis/properties (primarily from energy research), hemp oil chemistry, lignin properties, and
fundamental composite science to construct a robust theoretical foundation for the pro-
posed materials.

3. To present detailed theoretical recipes and formulations for Diamond Composites and to
propose viable theoretical pathways and considerations for integrating HDCNS into the
full spectrum of other polymer matrix types.

4. To outline the expected theoretical properties (mechanical, electrical, thermal, environ-
mental) of these novel composite systems, applying established material science principles
and micromechanical modeling techniques (ROM, Halpin-Tsai) conceptually to these new
systems.
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5. To identify key knowledge gaps and propose a structured roadmap for the essential fu-
ture experimental validation, characterization, and development required to realize the
potential of HDCNS-Composites.

6. To formally and irrevocably release this entire conceptual framework, including all novel
concepts, theories, formulations, and theoretical recipes originated by the author, under a
permissive open-source license (CC BY 4.0) to encourage widespread research, collabora-
tion, and development.

It must be emphasized that this work is, at its current stage, primarily theoretical and concep-
tual. It draws heavily upon established scientific literature but proposes novel integrations and
formulations that require rigorous experimental verification. Its purpose is to serve as a founda-
tional document and catalyst for future empirical research in this promising area of sustainable
materials science.

1.6 Open Source Declaration

In the spirit of fostering transparency, enabling global collaboration, and accelerating the de-
velopment of sustainable material solutions, all novel concepts, original theoretical frameworks
(HDCNS-Composites, Diamond Composites Theory, Hemp Triforce), specific theoretical formu-
lations, recipes, and proposed experimental protocols presented in this paper, as originated by
Marie Seshat Landry, are hereby released into the public domain under the Creative Com-
mons Attribution 4.0 International (CC BY 4.0) license. The full license text can be
found at https://creativecommons.org/licenses/by/4.0/.

This license permits anyone to freely share (copy, redistribute) and adapt (remix, transform,
build upon) this work for any purpose, including commercial endeavors, under the condition that
appropriate attribution is given to the original author (Marie Seshat Landry, Marie Landry’s Spy
Shop, www.marielandryceo.com) as the originator of these specific concepts and theories, a link
to the license is provided, and any modifications are clearly indicated. This open release aims to
establish prior art for the core concepts detailed herein and to empower the global scientific and
engineering community to contribute to the advancement of these potentially transformative
sustainable materials without proprietary restrictions on this foundational work.

2 Literature Review and Background

This section provides a review of the scientific and technical background underpinning the theo-
retical framework proposed, drawing from literature on HDCNS, hemp-derived polymers, com-
posite materials science, and related fields.

2.1 Hemp-Derived Carbon Nanosheets (HDCNS): Synthesis and Properties

HDCNS synthesis typically involves multi-step processing of hemp fibers, most commonly the
bast fibers due to their high cellulose content:

1. Precursor Preparation (Carbonization/Pre-treatment): Hemp fibers are often pre-
treated, for instance, via Hydrothermal Carbonization (HTC) which involves heating in
water under pressure (e.g., 180-250°C) to produce a hydrochar [32], or via pyrolysis (ther-
mal decomposition in an inert atmosphere, e.g., 400-600°C) to produce biochar [2].

2. Activation: The resulting char is activated, commonly using chemical activation with
KOH [1] or ZnCl2, followed by high-temperature treatment (700-900°C) in an inert atmo-
sphere. This step is crucial for developing high porosity and specific surface area (SSA) by
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removing less stable carbon atoms and creating micropores and mesopores [28, 29]. Phys-
ical activation using steam or CO2 is also possible. Microwave-assisted synthesis offers
potential for faster, more energy-efficient carbonization and activation [33].

3. Exfoliation (Potential Requirement): To obtain discrete, well-dispersed nanosheets
ideal for composite reinforcement (rather than interconnected electrode structures), further
processing analogous to graphene exfoliation might be needed. Techniques like liquid-phase
exfoliation using ultrasonication in suitable solvents, or high-shear mechanical mixing,
could potentially break apart the activated carbon structure into individual or few-layer
nanosheets [25]. The effectiveness and scalability of these methods for HDCNS require
specific investigation.

Key properties reported or expected for HDCNS include:

• High Specific Surface Area (SSA): Demonstrated values exceeding 2000 m²/g are
a defining feature, crucial for electrode performance and potentially offering significant
interfacial area for composite bonding [1].

• Electrical Conductivity: Good intrinsic conductivity is expected due to the graphitic
carbon structure, proven by successful supercapacitor applications [1, 20]. However, the
bulk conductivity within a composite will be highly dependent on HDCNS loading (per-
colation effects), dispersion quality, inter-sheet contact resistance, and matrix interactions
[37]. Quantitative values for HDCNS composites are currently theoretical predictions re-
quiring experimental verification.

• Mechanical Properties: Theoretically expected to be high due to carbon structure,
but quantitative data for HDCNS relevant to reinforcement (e.g., Young’s modulus of
individual sheets) is lacking in published literature. Performance will depend on factors
like defect density and integration within the matrix.

• Thermal Stability: Generally high for carbon materials [29].

• Sustainability: Sourcing from renewable, low-input hemp offers significant environmental
advantages over graphite or fossil-fuel derived carbon materials [21, 38].

2.2 Bio-Based Matrices from Hemp: Hemp Oil Epoxy and Lignin

The Diamond Composite Theory uniquely proposes a matrix system also derived entirely from
hemp:

• Hemp Oil Epoxy: Hemp seed oil, rich in unsaturated fatty acids like linoleic and linolenic
acid, can undergo epoxidation. This chemical process introduces oxirane (epoxy) rings
onto the fatty acid chains, typically using reagents like peracetic acid generated in situ
[14]. The resulting epoxidized hemp oil (EHO) functions as a bio-based epoxy resin pre-
cursor [6]. Upon reaction with a suitable curing agent, these epoxy groups cross-link,
forming a solid thermoset polymer. EHO offers renewability, potential biodegradability,
and often greater flexibility compared to standard petroleum-based epoxies like DGEBA
(derived from Bisphenol-A) [6]. The final properties depend significantly on the degree of
epoxidation and the cross-linking density achieved during curing.

• Hemp Lignin as Curing Agent/Reinforcement: Lignin, a complex amorphous poly-
mer providing structural rigidity in plant cell walls, is abundant in hemp stalks (hurd
fraction) [18]. It can be extracted using various methods (e.g., kraft, soda, organosolv).
Lignin contains various functional groups (hydroxyl, carboxyl) that could potentially react
with epoxy groups, allowing it to act as a bio-based curing agent, although typically less
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reactive than conventional amine or anhydride hardeners [18, 15]. Its incorporation can
also enhance stiffness, thermal stability, and UV resistance of polymers [15]. The Diamond
Composites Theory specifically proposes using hemp lignin as the primary curing agent
for the hemp oil epoxy matrix, a novel approach aiming for a 100

2.3 Other Potential Composite Matrices

The versatility of HDCNS as a theoretical reinforcement extends to other matrix systems:

• Other Bio-Matrices: Soy resins, CNSL epoxies, PLA, PHA, bio-PU [26, 6, 8].

• Conventional Thermosets: Standard industrial resins like Bisphenol-A/F epoxies, phe-
nolic resins, cyanate esters [10].

• Thermoplastics: PE, PP [5], potentially others via melt processing.

• Elastomers: Natural Rubber, Guayule [9], potentially reinforcing like carbon black.

• Advanced Polymers: PEEK, Polyimides, LCPs [10], subject to processing compatibility.

2.4 Composite Theory and Modeling

• Rule of Mixtures (ROM): Ec = VfEf + VmEm. Basic estimation [34].

• Halpin-Tsai: Ec = Em

(
1+ξηVf

1−ηVf

)
with η =

(Ef/Em)−1
(Ef/Em)+ξ . More appropriate but requires

determining the effective shape factor ξ for HDCNS [35].

Application requires experimental parameterization.

2.5 Knowledge Gaps

Gaps include lack of experimental data on HDCNS as reinforcement, properties of HDCNS com-
posites (esp. Diamond Composites), interfacial bonding characterization, scalable production
validation, and mechanism validation for novel aspects.

3 Theoretical Framework: HDCNS-Composites (Novel Concept)

This section details the broad, novel theoretical framework for HDCNS-Composites
as conceived by Marie Seshat Landry.

3.1 Definition and Hypothesis

HDCNS-Composites are defined as composites using HDCNS as reinforcement in a matrix (bio-
based, thermoset, thermoplastic, elastomer, etc.). The central hypothesis posits that effective
HDCNS integration yields sustainable, high-performance, multi-functional materials superior to
traditional composites in specific applications.

3.2 Theoretical Principles of Integration (Novel Application)

Success hinges on established nanocomposite principles applied to HDCNS: (1) Uniform Dis-
persion (via sonication, shear mixing, functionalization); (2) Strong Interfacial Bonding
(physical/chemical interactions); (3) Optimized Processing (molding, casting, etc., adapted
for HDCNS). These standard principles are applied theoretically across the full proposed range
of HDCNS-matrix systems.
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4 Diamond Composites Theory: A Specific Subclass (Novel For-
mulation & Theory)

This section details the specific Diamond Composites Theory (100% hemp-derived)
originated by Marie Seshat Landry.

4.1 Concept: The "Hemp Triforce"

Based on the proposed synergy of: HDCNS (strength/conductivity), Hemp Oil Epoxy (flexi-
ble/renewable matrix), and Hemp Lignin (rigidity/curing/biodegradability). Aims for a unique
combination of performance and sustainability.

4.2 The Diamond Composite Recipes (Novel Theoretical Formulations)

These require experimental validation and optimization. Ratios below are examples based on
source documents and need optimization.

4.2.1 Theoretical Recipe 1: Basic Diamond Composite

Core "Triforce" mix. Example starting point for investigation: HDCNS (50-70 wt%), Hemp Oil
Epoxy (15-30 wt%), Hemp Lignin (10-25 wt%).

4.2.2 Theoretical Recipe 2: Recycled Additive Composite (Speculative)

Example conceptual structure: HDCNS (50%), Hemp Oil Epoxy (25%), Defined Recycled Plas-
tic (15%) [validation needed], Speculative Processed Particulates ("Pollution Bubbles") (10%)
[needs scientific definition/validation], Hemp Lignin (Curing). Highly speculative, requires foun-
dational research.

4.2.3 Other Potential Additives (Theoretical)

Bio-plasticizers [12], hemp fiber/hurd, defined upcycled waste [13]. Functional effects need
verification.

4.3 Proposed Synthesis and Curing (Theoretical)

Involves Matrix Prep ([14, 15]), HDCNS Prep ([1]), Mixing (dispersion critical), Molding, and
Curing (optimized thermal [11]; lignin’s role needs validation).

4.4 Theoretical Properties of Diamond Composites

Predicted potential (requires experimental confirmation): High strength-to-weight; Tensile strength
>100-350 MPa range; Modulus 30 GPa; Moderate-to-high conductivity (100-104 S/m range);
Good thermal stability; Bio-based; Potential for full biodegradability.

5 Integration of HDCNS into Other Matrices (Novel Systematic
Exploration)

Systematic theoretical consideration of HDCNS integration into various matrix classes (Bio-
Matrices, Conventional Thermosets, Thermoplastics, Elastomers, Advanced Polymers). Each
requires tailored validation.
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6 Mathematical Modeling (Application to Novel System)

Applying ROM and Halpin-Tsai models requires experimentally determined HDCNS parameters
(Ef , ξ). Percolation theory is relevant for conductivity. Model accuracy depends on validation
and parameterization for these novel systems.

7 Proposed Experimental Validation & Prototyping

Essential next steps:

7.1 HDCNS Synthesis and Characterization

Optimize scalable synthesis for reinforcement properties; Characterize properties relevant to
composites.

7.2 Composite Fabrication Protocols

Develop reproducible protocols, focusing on dispersion and curing validation (esp. lignin cure
for Diamond Composites).

7.3 Property Testing and Validation

Systematically test mechanical, electrical, thermal, chemical/environmental properties according
to standards (e.g., ASTM).

7.4 Prototyping

Fabricate simple prototypes to demonstrate manufacturability.

8 Potential Applications

Potential across Aerospace/Defense, Transportation, Construction, Electronics, Energy, Biomed-
ical, Consumer Goods, and futuristic concepts, contingent on validated performance and cost.

9 Discussion

9.1 Summary of Theoretical Contributions

Recap of novel concepts attributed to the author: HDCNS-Composites class definition, Dia-
mond Composites Theory ("Hemp Triforce"), theoretical recipes, systematic matrix integration
proposal, model application framework, open-source release strategy.

9.2 Potential Impact and Significance

Potential for sustainable high-performance materials paradigm shift, enabling multi-functionality,
programmability, leveraging hemp agriculture, if validated.
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9.3 Self-Critique and Reinforcement Analysis

Acknowledges theoretical limitations: Need for experimental validation; definition/feasibility
of speculative concepts ("pollution bubbles"); HDCNS characterization for composites; dis-
persion/interface challenges; model parameterization (Ef , ξ); lignin curing validation; scalabil-
ity/cost proof; organic certification pathway challenges; terminology consistency. Reinforcement
requires systematic experimentation focused on these areas.

9.4 Future Research Directions

Focus on: Experimental validation, HDCNS optimization, interface engineering, process devel-
opment, advanced modeling (post-validation), systematic additive studies (defined additives),
prototyping, LCA, standardization.

10 Conclusion

This paper, based on the original theoretical work of Marie Seshat Landry, introduces the
HDCNS-Composites framework and the specific Diamond Composites theory, proposing the
use of Hemp-Derived Carbon Nanosheets as reinforcements across a wide range of matrices,
with a special focus on a 100
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