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Abstract

This document presents a comprehensive exploration of the theoretical under-
pinnings and proposed research trajectory for Seshat’s 100% Organic Hemp Bio-
nanocomposites, termed "Diamond Composites." These novel materials represent a
paradigm shift in sustainable composite technology, meticulously engineered from
raw materials derived exclusively from the hemp plant (Cannabis sativa). The core
innovation lies in the synergistic integration of hemp-derived carbon nanosheets
(HDCNS), synthesized via controlled pyrolysis of hemp biomass, within a bespoke
bio-epoxy matrix. This matrix is ingeniously formulated using epoxidized hemp
seed oil and carefully extracted lignin from hemp stalks, leveraging the inherent
chemical diversity of the plant.

The foundational hypothesis is that this all-hemp composition will yield bio-
nanocomposites possessing mechanical, thermal, and environmental performance
characteristics that not only rival but potentially surpass traditional petroleum-
based composites reinforced with conventional carbon nanomaterials like graphene.
Key anticipated properties include exceptional tensile strength and stiffness im-
parted by the HDCNS reinforcement, enhanced thermal stability from the bio-epoxy
matrix and interphase interactions, and inherent biodegradability due to the organic
nature of all constituents.

Beyond their high-performance attributes, Diamond Composites are envisioned
as catalysts for significant positive impacts on agriculture and the environment.
Their reliance on hemp cultivations promotes regenerative farming practices, con-
tributing to soil health and biodiversity. The inherent carbon content of the biomass
sequesters atmospheric carbon dioxide, offering a potential pathway to carbon-
negative materials. Furthermore, the designed biodegradability addresses the grow-
ing global challenge of composite waste accumulation, fostering circular economy
principles.

This document details the conceptual framework, outlining the proposed syn-
thesis routes for both the HDCNS and the bio-epoxy matrix, informed by existing
literature on biomass-derived carbons, bio-based resins, and natural fiber compos-
ites. It summarizes initial theoretical investigations documented in preprint pub-
lications that lay the groundwork for this research. A detailed research trajectory
is presented, encompassing proposed experimental methodologies for material syn-
thesis, comprehensive characterization techniques, mechanical and environmental
performance testing, and strategies for scaling production. Potential high-impact
applications across diverse sectors, including automotive, aerospace, and construc-
tion, are discussed, alongside an exploration of ambitious future uses such as sus-
tainable infrastructure for lunar and Martian habitats. The work concludes with



a call for collaborative research and validation, emphasizing the interdisciplinary
nature required to translate this theoretical vision into tangible material solutions
for a sustainable future.
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1 Introduction: The Imperative for Sustainable Com-
posites

The global materials landscape is at a critical juncture, facing increasing pressure to tran-
sition away from finite, petroleum-dependent resources towards renewable and sustainable
alternatives. Traditional composite materials, widely utilized for their high strength-to-
weight ratio and design flexibility across numerous industries including aerospace, auto-
motive, and construction, predominantly rely on synthetic polymers derived from fossil
fuels and reinforcements like glass or carbon fibers produced through energy-intensive
processes. While offering excellent performance, the lifecycle of these materials, from
resource extraction to disposal, often presents significant environmental challenges, in-
cluding large carbon footprints, generation of non-biodegradable waste, and reliance on
volatile petrochemical markets.

The urgent need for sustainable materials has catalyzed research into composites
derived from renewable biomass. Natural fibers, such as flax, jute, and hemp, have
emerged as promising candidates for reinforcement due to their abundance, low cost, low
density, and positive environmental attributes like carbon sequestration during growth.
However, composites reinforced solely with traditional natural fibers often face limitations
in achieving mechanical properties comparable to those of synthetic fiber composites,
particularly in terms of strength and stiffness, which restricts their application in high-
performance sectors.

Simultaneously, advancements in nanotechnology have demonstrated the remarkable
potential of carbon nanomaterials, such as carbon nanotubes and graphene, to signifi-
cantly enhance the properties of composite materials at very low filler loadings. These
nanomaterials offer exceptional mechanical, electrical, and thermal properties. However,
the production of high-quality, pristine carbon nanomaterials can be energy-intensive,
costly, and may raise concerns regarding lifecycle environmental impact and potential
health effects.

Bridging the gap between high-performance requirements and sustainability is a paramount
challenge. This requires the development of new material paradigms that integrate re-
newable resources not only as bulk matrix or macro-scale reinforcement but also at the
nanoscale, leveraging the unique properties of nanomaterials while maintaining a sustain-
able origin and lifecycle.

This document introduces such a paradigm: Seshat’s 100% Organic Hemp Bionanocom-
posites, or "Diamond Composites." The core premise of this research is to create high-
performance composite materials entirely from the hemp plant (Cannabis sativa), a ver-
satile and rapidly renewable biomass source known for its historical uses and favorable
environmental profile, including efficient carbon capture and low water and pesticide re-
quirements. Diamond Composites are designed to utilize two key components derived
from hemp biomass: hemp-derived carbon nanosheets (HDCNS) as nanoscale reinforce-
ment and a novel bio-epoxy matrix synthesized from hemp seed oil and lignin. This
holistic approach aims to maximize the utilization of the hemp plant, minimizing waste
and creating a fully bio-based and potentially biodegradable composite system.

The vision for Diamond Composites extends beyond merely substituting petroleum-
based materials; it seeks to establish a new benchmark for sustainable materials that
actively contribute to environmental regeneration and circular economies. By focusing
on a single, rapidly renewable plant source for all components, this research streamlines
the supply chain, enhances material homogeneity and compatibility, and facilitates a



more predictable and controllable lifecycle.

This paper outlines the theoretical foundations that underpin the Diamond Compos-
ites concept, drawing upon established principles in biomass conversion, polymer chem-
istry, and composite science. It summarizes the initial theoretical work that has estab-
lished the feasibility and potential of this approach. Furthermore, it details a proposed
research trajectory, outlining the necessary experimental steps, characterization methods,
and evaluation protocols required to translate this theoretical vision into demonstrable
material performance and ultimately, commercial viability. The ambitious scope of po-
tential applications, ranging from terrestrial industries to extraterrestrial infrastructure,
highlights the transformative potential of this entirely organic, high-performance bio-
nanocomposite.

2 Theoretical Foundations and Core Components

The conceptual framework for Diamond Composites is built upon the principles of utiliz-
ing renewable biomass, specifically hemp, to generate both nanoscale reinforcement and
a high-performance polymer matrix. This section delves into the theoretical consider-
ations for synthesizing the key components and their synergistic interaction within the
composite structure.

2.1 Hemp-Derived Carbon Nanosheets (HDCNS)

The choice of hemp biomass as a precursor for carbon nanomaterials is motivated by
its high cellulose, hemicellulose, and lignin content, coupled with its rapid growth rate
and low environmental impact compared to other biomass sources. Carbonization of
biomass through pyrolysis is a well-established process for producing char and activated
carbons, but achieving nanoscale structures with properties akin to graphene requires
careful control of pyrolysis parameters and potentially post-processing steps.

Theoretical models suggest that the layered structure of cellulose, hemicellulose, and
particularly lignin within the hemp cell wall can serve as a template for graphitic do-
mains upon high-temperature treatment. Lignin, with its complex aromatic structure,
is particularly conducive to forming ordered carbon structures. Fast pyrolysis or flash
pyrolysis, involving rapid heating rates and short residence times, is theoretically favored
for preserving some degree of the initial biomass structure and preventing the aggregation
of carbon into larger, less organized forms. Subsequent activation or exfoliation processes
are crucial for transforming the pyrolyzed char into discrete, few-layer carbon nanosheets
with high surface area and accessible graphitic planes.

The theoretical considerations for HDCNS synthesis involve understanding the ther-
mochemical transformations of hemp biomass components during pyrolysis. Cellulose
primarily decomposes into volatile compounds at lower temperatures (around 300-400°C),
leaving behind a porous carbon structure. Lignin decomposes over a wider temperature
range (250-500°C) and contributes significantly to the char yield and the formation of
aromatic carbon structures. Hemicellulose decomposition occurs at intermediate temper-
atures (around 200-300°C). Optimizing the heating rate, final temperature, and holding
time is critical to maximize the yield of carbon nanosheets with desired morphology and
crystallinity.

Post-pyrolysis treatment, such as chemical activation using agents like KOH, NaOH,
or ZnCly, can enhance porosity and surface area. Physical activation with steam or CO,



at elevated temperatures can also be employed. Mechanical exfoliation, sonication, or
chemical methods can be used to delaminate the bulk carbon material into individual
nanosheets or few-layer stacks. Theoretical studies, potentially employing Density Func-
tional Theory (DFT) or Molecular Dynamics (MD) simulations, can provide insights into
the preferred pathways for graphitic domain formation from lignin precursors and the
stability of few-layer HDCNS structures. These simulations can also help predict the
electronic band structure and mechanical properties of idealized HDCNS, guiding ex-
perimental synthesis efforts towards materials with tailored properties. The presence of
heteroatoms (e.g., oxygen, nitrogen) inherited from the biomass can also influence the
electronic and surface properties of HDCNS, potentially offering active sites for chemical
interactions with the polymer matrix.

2.2 Hemp-Based Bio-Epoxy Matrix

Developing a fully hemp-based bio-epoxy matrix requires leveraging different components
of the hemp plant. Hemp seed oil, rich in triglycerides, is a prime candidate for developing
the epoxy resin backbone through epoxidation reactions. Lignin, a complex aromatic
polymer abundant in hemp stalks, can potentially be utilized as a bio-based hardener or
incorporated into the epoxy structure to enhance properties.

The theoretical basis for the hemp seed oil bio-epoxy involves standard epoxidation
chemistry. Unsaturated fatty acids in the triglycerides (e.g., linoleic, linolenic, oleic acids)
contain carbon-carbon double bonds that can be converted into epoxide rings. Common
epoxidation methods involve peroxyacids (e.g., performic acid, peracetic acid) generated
in situ from hydrogen peroxide and a carboxylic acid catalyst, or using preformed per-
oxyacids. The efficiency of the epoxidation process is influenced by factors such as the
type and concentration of the peroxyacid, reaction temperature, time, and the presence
of catalysts. Theoretical studies can model the reaction pathways and energy barriers for
epoxidation of different unsaturated fatty acids present in hemp seed oil, helping to opti-
mize reaction conditions for maximizing epoxide content while minimizing side reactions
like epoxide ring opening.

Once the epoxidized hemp seed oil is obtained, it needs to be cross-linked with a cur-
ing agent to form a rigid polymer network. Traditional epoxy hardeners are petroleum-
based amines or anhydrides. For a fully hemp-based system, exploring hemp-derived
alternatives is crucial. Lignin, or compounds derived from lignin depolymerization, offer
potential. Lignin contains phenolic hydroxyl groups and other reactive functionalities
that can react with epoxide rings, acting as a natural polyol or incorporating into the
network structure. Theoretical investigations can explore the reaction kinetics and net-
work formation process when using modified lignin or lignin-derived compounds as curing
agents or co-reactants. Molecular simulations can help understand the diffusion of curing
agents within the viscous epoxidized oil and the resulting network architecture, including
cross-link density and topological defects, which directly influence the mechanical and
thermal properties of the cured resin.

The properties of the bio-epoxy matrix, such as glass transition temperature (7,),
modulus, and toughness, are highly dependent on the cross-link density and the chem-
ical structure of the cured network. A higher cross-link density generally leads to in-
creased stiffness and 7Tj but can reduce toughness. Incorporating rigid aromatic struc-
tures from lignin is theoretically expected to increase the stiffness and thermal stability of
the matrix compared to a bio-epoxy derived solely from aliphatic fatty acids. The precise



method of incorporating lignin (e.g., as a direct hardener, as a precursor for lignin-derived
amines/phenols, or as a filler) will significantly impact the final matrix properties.

2.3 Synergistic Interaction of HDCNS and Bio-Epoxy

The performance of a nanocomposite is not simply the sum of the properties of its con-
stituents but is critically dependent on the nature of the interface between the reinforce-
ment and the matrix. In Diamond Composites, achieving strong, stable, and efficient
load transfer between HDCNS and the hemp-based bio-epoxy matrix is paramount.

Theoretical considerations for the HDCNS-epoxy interface involve understanding the
intermolecular forces at play. HDCNS, being primarily graphitic carbon, has a relatively
inert surface. However, the presence of residual functional groups from the biomass
pyrolysis (e.g., hydroxyl, carboxyl, epoxy groups) and deliberate surface functionalization
treatments can significantly alter the surface chemistry of HDCNS, enabling stronger
interactions with the polar epoxide and hydroxyl groups in the bio-epoxy matrix and
curing agent. Covalent bonding, hydrogen bonding, and van der Waals forces can all
contribute to the interfacial adhesion.

DFT and MD simulations are powerful tools for investigating these interfacial inter-
actions at the atomic and molecular level. Simulations can predict the adsorption energy
of bio-epoxy molecules onto the HDCNS surface, the preferred orientation of polymer
chains near the nanosheets, and the potential for chemical reactions between functional
groups on both components. Understanding these interactions is crucial for predicting
the efficiency of stress transfer from the matrix to the high-strength HDCNS under me-
chanical load. Poor dispersion of HDCNS within the viscous bio-epoxy resin, leading to
agglomeration, can significantly hinder performance. Theoretical models can help un-
derstand the factors influencing dispersion, such as particle size, surface energy, and the
rheological properties of the resin, guiding strategies for effective mixing and processing.

The overall mechanical properties of the Diamond Composite, such as tensile strength,
Young’s modulus, and fracture toughness, are theoretically predicted using multiscale
modeling approaches. At the nanoscale, interface properties determined from molecular
simulations can be used in continuum mechanics models to predict the behavior of a
representative volume element (RVE) containing dispersed HDCNS within the matrix.
Macro-scale models, such as Halpin-Tsai or Mori-Tanaka models, can then be applied to
predict the bulk composite properties based on the properties of the constituents, their
volume fraction, orientation, and the calculated interface properties. These theoretical
models provide a framework for predicting the potential performance of Diamond Com-
posites and for optimizing the material design, including HDCNS loading, aspect ratio,
and surface treatment.

Similarly, theoretical analysis of thermal properties, such as thermal conductivity and
coefficient of thermal expansion, involves considering the intrinsic properties of HDCNS
and the bio-epoxy, as well as the thermal resistance at the interface. HDCNS are expected
to have high thermal conductivity, and incorporating them into the bio-epoxy could
enhance the composite’s thermal management capabilities.

The biodegradability of the composite is another critical theoretical aspect. While
the bio-epoxy matrix is expected to be biodegradable through enzymatic hydrolysis of
the ester linkages in the triglyceride-based backbone and potential microbial degradation
of the lignin components, the biodegradability of HDCNS needs consideration. Carbon
nanomaterials are generally resistant to biological degradation. However, the overall



biodegradability of the composite will depend on the relative proportions of the compo-
nents and the extent to which the matrix can be degraded, allowing microbial access to
the carbon reinforcement. Theoretical models of biodegradation can consider the chemi-
cal structure of the polymer, the accessibility of hydrolyzable bonds, and the activity of
relevant enzymes and microorganisms in different environments. The influence of HD-
CNS on the microbial community and the rate of matrix degradation is an area requiring
further theoretical and experimental investigation.

3 Research Milestones: (Genesis of the Concept

The theoretical framework for Seshat’s 100% Organic Hemp Bionanocomposites has been
developed through a series of interconnected research efforts, initially focused on estab-
lishing the core concepts and outlining the potential synthesis pathways. These initial
theoretical investigations have been disseminated through preprint publications, serving
as foundational documents for the proposed research trajectory.

3.1 Preprint Publications

The genesis of the Diamond Composites concept and its theoretical underpinnings are
primarily documented in the following preprint publications by Marie Seshat Landry:

3.1.1 Introducing HDCNS-Composites: A Novel Class of Materials

DOI: 10.5281/zenodo.15084103

This foundational theoretical paper laid the groundwork for the entire research pro-
gram. It proposed the novel idea of utilizing carbon nanomaterials derived directly from
hemp biomass as reinforcement in composite materials. The preprint explored various
theoretical routes for converting hemp biomass into carbon nanosheets, discussing the po-
tential of controlled pyrolysis and activation processes. It hypothesized that such hemp-
derived carbon nanosheets (HDCNS) could possess structural and electronic properties
comparable to those of conventionally produced carbon nanomaterials like graphene, but
with a significantly lower environmental footprint. The paper theorized the integration
of these HDCNS into various polymer matrices, emphasizing the potential for enhanced
mechanical, electrical, and thermal properties. This publication established the core con-
cept of HDCNS-composites as a distinct and promising class of sustainable materials,
setting the stage for subsequent, more detailed theoretical investigations into specific
matrix systems and processing methods. The theoretical analysis presented included
initial considerations of the relationship between biomass structure, pyrolysis parame-
ters, and the resulting carbon morphology, drawing parallels with the synthesis of other
biomass-derived carbons but specifically focusing on the potential for nanoscale structure
formation from hemp precursors.

3.1.2 Seshat’s 100% Organic Hemp Bionanocomposites (Diamond Compos-
ites)

DOI: 10.5281 /zenodo.15091234
Building upon the initial concept of HDCNS-composites, this preprint provided a
more focused and comprehensive theoretical proposal for the "Diamond Composites"
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specifically. It detailed the vision of creating bionanocomposites entirely from hemp
resources, outlining specific theoretical pathways for synthesizing both the HDCNS re-
inforcement and a fully hemp-based bio-epoxy matrix. The paper delved deeper into
the proposed chemical routes for epoxidizing hemp seed oil and utilizing hemp lignin
or lignin derivatives as a bio-hardener. Theoretical arguments were presented regarding
the potential synergy between HDCNS and the hemp bio-epoxy matrix, highlighting the
importance of achieving good dispersion and strong interfacial adhesion for optimal per-
formance. This publication formally defined the composition of Diamond Composites
and articulated the key anticipated material properties, including high tensile strength,
enhanced thermal stability, and inherent biodegradability. It provided a theoretical basis
for expecting competitive performance compared to existing synthetic composites, while
simultaneously promoting significant environmental benefits through sustainable sourc-
ing and end-of-life management. The theoretical discussion included considerations of the
chemical compatibility between the components and the potential for tailored functional-
ization of HDCNS to improve matrix interaction, drawing upon principles from polymer
chemistry and interface science.

3.1.3 A Comprehensive Framework and Call for Collaborative Validation

DOI: 10.5281 /zenodo.15164887

The third preprint expanded the scope of the research vision to include a detailed
framework for prototype development and a strategic plan for realizing the full potential
of Diamond Composites. It outlined a multi-phased research trajectory, transitioning
from fundamental theoretical and experimental work to material optimization, scaling,
and application-specific testing. The paper discussed potential applications across various
sectors, providing theoretical justifications for the suitability of Diamond Composites in
demanding environments based on their projected properties. Crucially, this publication
issued a formal call for interdisciplinary collaboration, recognizing that the successful de-
velopment and implementation of Diamond Composites necessitate expertise from diverse
fields, including materials science, chemistry, chemical engineering, mechanical engineer-
ing, agricultural science, environmental science, and economics. It emphasized the impor-
tance of open science and collaborative validation to accelerate the research process and
ensure the responsible development of these sustainable materials. The preprint included
a high-level roadmap for future research, highlighting key challenges and opportunities,
and proposing mechanisms for data sharing and collaborative experimentation.

These three preprints represent the initial theoretical explorations that have shaped
the conceptualization of Diamond Composites. They have served to articulate the novelty
of the approach, establish the theoretical feasibility of the proposed synthesis routes,
outline the anticipated performance benefits, and define the broad research vision. While
these documents provide a strong theoretical foundation, they also underscore the need
for extensive experimental validation to confirm the theoretical predictions and optimize
material design and processing.

4 Related Prior Art and Context

The development of Seshat’s 100% Organic Hemp Bionanocomposites builds upon and
extends several established areas of research in sustainable materials and nanocomposites.
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Understanding this prior art is crucial for positioning Diamond Composites within the
existing materials landscape and highlighting the novel contributions of this work.

4.1 Hemp-Derived Graphene

The concept of deriving carbon nanomaterials from hemp biomass is not entirely without
precedent. Pioneering work by David Mitlin and colleagues in 2014 demonstrated the
synthesis of graphene-like materials with properties suitable for ultrafast charging super-
capacitors from pyrolyzed hemp bast fibers [1|. Their approach involved hydrothermal
synthesis followed by pyrolysis, yielding porous carbon structures with stacked graphene
layers. This work validated the potential of hemp as a precursor for advanced carbon
materials.

Diamond Composites build upon this prior art by specifically targeting the synthesis
of carbon nanosheets with a focus on tailoring their structure and surface chemistry for ef-
fective reinforcement in polymer composites, rather than for energy storage applications.
While the Mitlin study focused on bast fibers, the Diamond Composites research consid-
ers the utilization of various parts of the hemp plant for HDCNS production, potentially
leveraging different biomass compositions for varied carbon structures. Furthermore, the
integration of these hemp-derived nanomaterials into a fully hemp-based matrix repre-
sents a significant departure from composites utilizing synthetic polymers or conventional
bio-based resins. The theoretical foundation of HDCNS synthesis in Diamond Compos-
ites draws heavily from the knowledge gained in studies like Mitlin’s, but aims for greater
control over nanosheet morphology, aspect ratio, and surface functionalization to optimize
composite performance.

4.2 Bio-Based Epoxy Resins

The development of bio-based epoxy resins has been an active area of research for several
decades, driven by the desire to replace petroleum-based epoxies with more sustainable
alternatives. Significant research has focused on epoxidizing vegetable oils, including
soybean oil, linseed oil, and sunflower oil, due to their abundance and the presence of
carbon-carbon double bonds in their fatty acid chains that can be readily converted
into reactive epoxide groups [2]. Hemp seed oil, with its high content of polyunsaturated
fatty acids, is theoretically well-suited for epoxidation, offering a high density of potential
epoxide rings for cross-linking.

Research in bio-based epoxies has explored various epoxidation chemistries, curing
agents (including bio-based amines and anhydrides derived from renewable resources),
and methods for improving mechanical properties and thermal stability to match or
exceed those of conventional diglycidyl ether of bisphenol A (DGEBA) epoxies. The
theoretical framework for the hemp bio-epoxy matrix in Diamond Composites leverages
this extensive body of knowledge on vegetable oil epoxidation and bio-hardener devel-
opment. However, the specific focus on utilizing lignin extracted from hemp stalks as a
co-reactant or hardener is a key differentiator. While lignin has been explored in poly-
mer synthesis, its integration into a hemp seed oil-based epoxy system derived solely
from the same plant source presents unique opportunities for chemical compatibility and
sustainable utilization of a major biomass component. The theoretical work on hemp
bio-epoxies contributes to the understanding of structure-property relationships in these
complex bio-based polymer networks, informing the design of the Diamond Composite
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matrix.

4.3 Natural Fiber Composites

The use of natural fibers, including hemp fibers, as reinforcement in polymer compos-
ites is a mature and well-established field of study [3|. Natural fiber composites offer
advantages in terms of sustainability, low density, and cost. However, they often suffer
from limitations such as relatively lower strength and stiffness compared to synthetic
fiber composites, variability in fiber properties, and poor compatibility with hydrophobic
polymer matrices, leading to issues with interfacial adhesion and moisture absorption.

Diamond Composites diverge significantly from traditional natural fiber composites
by utilizing nanoscale carbon reinforcement derived from hemp biomass, rather than
macro-scale natural fibers. This shift to the nanoscale is theoretically expected to enable
much higher reinforcement efficiency due to the extremely high surface area and intrinsic
properties of HDCNS. While natural fibers provide reinforcement at the macro- or micro-
scale, HDCNS provides reinforcement at the nanoscale, influencing the polymer matrix
at a more fundamental level and potentially leading to greater enhancements in strength,
stiffness, and other properties. Furthermore, the use of a hemp-based bio-epoxy matrix
in Diamond Composites addresses the compatibility issue often faced by natural fibers
in synthetic polymers, as both the reinforcement (HDCNS) and the matrix are derived
from the same plant, potentially offering better chemical affinity and interface formation.
The extensive research on natural fiber composites provides valuable context regarding
the challenges and opportunities associated with using biomass in composite materials,
informing the material design and processing strategies for Diamond Composites, partic-
ularly concerning moisture sensitivity and processing methods.

In summary, Diamond Composites represent a novel synthesis that draws upon the
advancements in biomass-derived carbons, bio-based polymers, and natural fiber compos-
ites, while pushing the boundaries by proposing a fully integrated, nanoscale-reinforced
composite system derived entirely from a single, sustainable plant source. This approach
aims to overcome some of the limitations of existing sustainable composite technologies
and pave the way for a new generation of high-performance, environmentally beneficial
materials.

5 Proposed Research Trajectory: From Theory to Val-
idation

Translating the theoretical foundations of Seshat’s 100% Organic Hemp Bionanocompos-
ites into tangible, high-performance materials requires a comprehensive and multi-phased
experimental research trajectory. This section outlines the proposed steps, methodolo-
gies, and characterization techniques necessary to synthesize, characterize, and evaluate
Diamond Composite prototypes.

5.1 Phase 1: Component Synthesis and Initial Characterization

The initial phase of the research will focus on establishing reliable and scalable synthesis
protocols for the two primary components: Hemp-Derived Carbon Nanosheets (HDCNS)
and the Hemp-Based Bio-Epoxy Matrix.
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5.1.1 HDCNS Synthesis and Characterization

Experimental work will begin with the systematic investigation of hemp biomass pyrolysis
conditions to optimize the yield and quality of carbon materials suitable for nanosheet
production. Different parts of the hemp plant (e.g., stalks, hurd, bast fibers) may be
explored as precursors, as their varying cellulose, hemicellulose, and lignin content can
influence the resulting carbon structure. Pyrolysis experiments will be conducted under
controlled atmospheres (e.g., inert gas like nitrogen) and varying temperature profiles,
heating rates, and holding times. The objective is to identify conditions that favor the
formation of layered graphitic structures.

Following pyrolysis, various activation and exfoliation techniques will be evaluated.
Chemical activation using agents like KOH, H3PO,, or molten salts at elevated tem-
peratures can enhance porosity and surface area and facilitate the formation of layered
structures. Physical activation using CO, or steam will also be explored. Subsequent
exfoliation methods, such as liquid-phase exfoliation via sonication in suitable solvents
(e.g., N-methylpyrrolidone (NMP), dimethylformamide (DMF)), or chemical exfoliation
using intercalation agents, will be employed to obtain individual or few-layer HDCNS.

Characterization of the synthesized HDCNS will be crucial to understand their mor-
phology, structure, and properties. Techniques will include:

e Microscopy: Scanning Electron Microscopy (SEM) and Transmission Electron
Microscopy (TEM) to visualize the morphology, size, and number of layers of the
nanosheets. High-Resolution TEM (HRTEM) can provide insights into the atomic
structure and crystallinity.

e Spectroscopy: Raman spectroscopy to assess the degree of graphitization, pres-
ence of defects, and number of layers. X-ray Photoelectron Spectroscopy (XPS)
to determine the elemental composition and identify surface functional groups.
Fourier-Transform Infrared Spectroscopy (FTIR) to detect the presence of various
chemical bonds.

e Diffraction: X-ray Diffraction (XRD) to analyze the crystallographic structure
and estimate the interlayer spacing.

e Surface Area and Porosity Analysis: Brunauer-Emmett-Teller (BET) analy-
sis to measure specific surface area and pore size distribution, which are critical
parameters for composite reinforcement.

e Thermogravimetric Analysis (TGA): To determine the thermal stability and
composition of the HDCNS.

e Electrical Conductivity Measurements: To assess the electrical properties,
which are relevant for potential applications requiring conductive composites.

Initial surface functionalization strategies for HDCNS will also be investigated to improve
compatibility and adhesion with the bio-epoxy matrix. This could involve oxidation
treatments or grafting of functional molecules.

5.1.2 Hemp-Based Bio-Epoxy Synthesis and Characterization

Simultaneously, experimental work will focus on synthesizing the hemp-based bio-epoxy
matrix. This will involve:
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e Hemp Seed Oil Epoxidation: Developing a robust protocol for epoxidizing hemp
seed oil. Different epoxidation agents (e.g., peracetic acid generated in situ) and
reaction conditions (temperature, reaction time, catalyst concentration) will be
screened to maximize the epoxide content while minimizing side reactions. The
epoxidized oil will be characterized by analytical techniques such as Nuclear Mag-
netic Resonance (NMR) spectroscopy and titration methods to determine the epox-
ide equivalent weight.

e Lignin Extraction and Modification: Establishing methods for extracting lignin
from hemp stalks (e.g., alkaline extraction, organosolv process). The extracted
lignin will be characterized by techniques such as Gel Permeation Chromatography
(GPC) to determine molecular weight distribution, FTIR and NMR spectroscopy
to analyze functional groups, and TGA for thermal stability. Methods for modify-
ing lignin (e.g., phenolation, amino-functionalization) to enhance its reactivity as a
hardener or co-reactant will be explored.

e Bio-Epoxy Curing: Investigating the curing reaction between the epoxidized
hemp seed oil and hemp-derived hardeners (e.g., modified lignin, lignin-derived
amines). Different hardener-to-epoxy ratios and curing cycles (temperature, time)
will be evaluated to achieve optimal cross-linking. Differential Scanning Calorimetry
(DSC) will be used to study the curing kinetics and determine the glass transition
temperature (7}) of the cured resin. TGA will be used to assess thermal stability.

e Rheology: Characterizing the viscosity and curing behavior of the uncured resin
system using rheometry to inform composite processing strategies.

The goal of this phase is to develop repeatable synthesis methods for both HDCNS and
the hemp bio-epoxy components with well-defined properties, informed by the theoretical
insights.

5.2 Phase 2: Composite Fabrication and Optimization

With established synthesis methods for the individual components, Phase 2 will focus
on fabricating Diamond Composites and optimizing their composition and processing
parameters to achieve desired properties.

5.2.1 Composite Fabrication

Various methods for dispersing HDCNS into the hemp bio-epoxy matrix will be ex-
plored, including mechanical stirring, high-shear mixing, and sonication. The challenges
of achieving uniform dispersion of nanomaterials in viscous polymer matrices are well-
known, and strategies such as surface functionalization of HDCNS (initiated in Phase 1)
and optimizing mixing parameters will be critical. Solvent processing may be explored,
although solvent-free methods are preferred for sustainability.

Composite panels will be fabricated using established techniques such as direct mixing
and casting, or potentially vacuum infusion or compression molding depending on the
viscosity of the resin system. Different HDCNS loading levels will be investigated to
determine the optimal concentration for property enhancement. The curing process for
the composites will be optimized based on the curing kinetics determined in Phase 1.
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5.2.2 Composite Characterization and Property Evaluation

Comprehensive characterization of the fabricated Diamond Composites is essential to
evaluate their performance and validate theoretical predictions. Key properties to be
measured include:

e Microstructure: SEM and TEM to examine the dispersion of HDCNS within the
matrix and the quality of the interface. Optical microscopy may be used to assess
larger-scale defects.

e Mechanical Properties:
— Tensile Testing: Measuring tensile strength, Young’s modulus, and elongation
at break according to relevant ASTM or ISO standards.
— Flezural Testing: Measuring flexural strength and modulus.
— Impact Testing: Assessing the material’s resistance to sudden impacts.

— Fracture Toughness Testing: FEvaluating the material’s resistance to crack
propagation.

— Dynamic Mechanical Analysis (DMA): Studying the viscoelastic properties,
including storage modulus, loss modulus, and damping factor, as a function of
temperature, providing insights into the material’s stiffness and energy dissi-
pation capabilities, and confirming Tj.

e Thermal Properties:

— TGA: Determining the thermal decomposition temperature and stability of
the composite.

— Differential Scanning Calorimetry (DSC): Confirming T, and studying thermal
transitions.

Thermal Conductivity: Measuring the composite’s ability to conduct heat.

Coefficient of Thermal Ezpansion (CTE): Measuring dimensional changes with
temperature variations.

e Environmental Properties:

— Water Absorption: Measuring the amount of water absorbed by the composite
under different humidity conditions, which is particularly relevant for bio-based
materials.

— Biodegradability Testing: Conducting controlled biodegradation studies in var-
ious environments (e.g., composting, soil burial) according to relevant stan-
dards, monitoring mass loss, changes in mechanical properties, and visual
degradation over time. This will involve assessing the activity of relevant
microorganisms and enzymes.

e Electrical Properties: Measuring electrical conductivity, particularly if conduc-
tive HDCNS are successfully synthesized, for potential applications requiring elec-
trostatic dissipation or shielding.
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Statistical analysis of the experimental data will be performed to ensure reproducibility
and significance of the results. This phase will involve iterating between composite fab-
rication and characterization, refining the HDCNS synthesis, bio-epoxy formulation, and
processing parameters to optimize the composite performance. The theoretical models
developed in the foundational stage will be used to guide experimental design and inter-
pret the results, potentially leading to refinement of the theoretical models themselves.

5.3 Phase 3: Scale-Up and Prototype Development

Once optimal compositions and processing parameters are identified at the laboratory
scale, Phase 3 will focus on scaling up the synthesis of HDCNS and the hemp bio-epoxy
matrix and fabricating larger composite prototypes relevant to target applications. This
phase will require addressing challenges related to maintaining nanomaterial dispersion
and process control at larger scales. Collaboration with chemical engineering expertise
will be critical here.

Prototype components for specific applications (e.g., automotive interior panels, con-
struction elements, aerospace components) will be designed and fabricated. This will
involve selecting appropriate manufacturing processes that are compatible with the ma-
terial properties and scalable for industrial production. Techniques such as resin transfer
molding (RTM), sheet molding compound (SMC), or pultrusion may be considered, re-
quiring characterization of the rheological properties of the scaled-up resin systems.

Performance testing of the prototypes will be conducted under conditions simulating
their intended use environment. This may include accelerated aging tests, fatigue testing,
and tests simulating specific operational loads and environmental exposures (e.g., tem-
perature cycles, humidity). Life cycle assessment (LCA) studies will be initiated in this
phase to rigorously quantify the environmental benefits of Diamond Composites com-
pared to conventional materials, considering the entire lifecycle from hemp cultivation to

end-of-life.

5.4 Phase 4: Application-Specific Validation and Commercial-
ization Pathways

The final phase of the research trajectory will involve rigorous validation of Diamond
Composite prototypes in real-world or simulated application environments. This will
likely involve collaboration with industry partners in the target sectors.

Specific tests relevant to automotive safety, aerospace structural integrity, or con-
struction performance will be conducted. This may involve standardized crash tests,
structural load tests, fire resistance tests, and durability assessments. Regulatory com-
pliance for specific applications (e.g., materials used in vehicles, aircraft, or buildings)
will be addressed.

Simultaneously, strategies for commercialization will be developed. This will involve
assessing the economic viability of scaling up production, identifying potential markets,
establishing supply chains for hemp biomass, and developing business models for man-
ufacturing and distributing Diamond Composites. Intellectual property considerations
and patenting strategies will be pursued based on the novel aspects of the material com-
position and processing.

Exploration of ambitious future applications, such as lunar and Martian infrastruc-
ture, will continue, potentially involving collaboration with space agencies and researchers
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in extraterrestrial resource utilization. This could involve testing material performance
under simulated extraterrestrial conditions (vacuum, radiation, extreme temperatures)
and exploring the feasibility of in situ manufacturing using hemp biomass grown or pro-
cessed on extraterrestrial bases.

Throughout all phases, the principle of collaborative validation will be maintained,
sharing research findings through publications, conferences, and potentially an open data
platform to accelerate progress and foster a community around sustainable biomass-
derived materials. The research trajectory is designed to be iterative, with feedback loops
between experimental results and theoretical modeling, and between different phases of
development, to ensure continuous improvement and optimization of Diamond Compos-
ites.

6 Potential Applications Across Diverse Sectors

The combination of anticipated high performance, sustainable origin, and tunable prop-
erties positions Seshat’s 100% Organic Hemp Bionanocomposites for a wide range of ap-
plications across various industries currently dominated by petroleum-based composites.
The potential impact of replacing conventional materials with fully bio-based and po-
tentially biodegradable alternatives is significant from both environmental and economic
perspectives.

6.1 Automotive Industry

The automotive sector is continuously seeking lightweight materials to improve fuel effi-
ciency and reduce emissions, while also facing increasing pressure to incorporate sustain-
able materials. Diamond Composites offer a compelling solution for various interior and
exterior components, as well as potentially semi-structural parts.

Potential automotive applications include:

e Interior Panels: Door panels, dashboard components, seat backs, and trunk lin-
ers. The lightweight nature and potential for aesthetically pleasing finishes make
them suitable for these applications. The natural vibration damping properties of
bio-based materials could also contribute to noise reduction within the cabin.

e Exterior Non-Structural Components: Bumper fascias, side skirts, spoilers,
and underbody panels. The impact resistance and potential for aerodynamic shap-
ing make them viable alternatives to conventional plastics and composites.

e Semi-Structural Components: Spare tire wells, battery housings for electric
vehicles, and certain body panels. The anticipated high strength and stiffness,
particularly at optimized HDCNS loadings, could meet the structural requirements
for these parts while reducing weight.

The use of a fully hemp-based material aligns with the automotive industry’s growing
interest in renewable resources and circular economy principles. The potential biodegrad-
ability could simplify end-of-life vehicle recycling.
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6.2 Aerospace Industry

The aerospace industry demands materials with exceptional strength-to-weight ratios,
high stiffness, and durability under extreme conditions. While carbon fiber composites
are widely used, their high cost and environmental impact motivate the search for sus-
tainable alternatives. Diamond Composites, with their anticipated high performance and
lightweight nature, could find applications in certain aerospace components.

Potential aerospace applications include:

e Interior Cabin Components: Panels, flooring, storage bins, and seating struc-
tures. Reducing weight in the cabin directly contributes to fuel efficiency. The
flame retardancy of the material would need to be carefully evaluated and poten-
tially enhanced for aerospace safety standards.

e Secondary Structural Components: Fairings, access panels, and drone compo-
nents. For unmanned aerial vehicles (UAVs), the lightweight nature and potential
for rapid manufacturing could be particularly advantageous.

e Non-Structural Elements: Winglets, spoilers, and nacelle components where
weight reduction is critical but primary structural integrity is not the main require-
ment.

The use of bio-based materials in aerospace would represent a significant step towards
more sustainable aviation. The demanding performance requirements of this sector will
necessitate rigorous testing and validation of Diamond Composites’ mechanical, thermal,
and environmental stability under aerospace operating conditions, including variations in
temperature and pressure.

6.3 Construction Sector

The construction industry is a major consumer of materials and a significant contributor

to carbon emissions and waste. Sustainable building materials are increasingly in demand.

Diamond Composites could be utilized in various construction applications, offering a

combination of structural performance, thermal insulation, and environmental benefits.
Potential construction applications include:

e Structural Elements: Non-load-bearing walls, partition panels, and possibly
modular housing components. The strength and stiffness could replace traditional
materials like plasterboard or certain wood-based panels.

e Exterior Cladding and Facades: Offering weather resistance, durability, and
potential for aesthetic finishes.

e Insulation Panels: The inherent porosity of some biomass-derived materials can
provide good thermal and acoustic insulation properties.

e Interior Finishes: Flooring, decorative panels, and furniture components.

The use of a rapidly renewable material like hemp in construction aligns with green
building standards and could contribute to reducing the embodied carbon of buildings.
The potential for biodegradability could simplify deconstruction and waste management
at the end of a building’s life. Durability and long-term performance under various
environmental conditions (humidity, temperature fluctuations, UV exposure) would be
critical considerations for construction applications.

18



6.4 Exploration of Lunar and Martian Infrastructure

A highly ambitious but potentially transformative application area lies in the development
of sustainable infrastructure for extraterrestrial habitats, particularly on the Moon and
Mars. Current plans for human exploration and settlement rely heavily on transporting
materials from Earth, which is prohibitively expensive and unsustainable for large-scale
construction. The ability to utilize resources available in situ is paramount.

Hemp, if it can be grown in controlled extraterrestrial environments (e.g., using re-
golith simulant, recycled water, and artificial lighting), could serve as a renewable biomass
source for manufacturing materials locally. The concept of using biomass for construction
in space has been explored, but typically focuses on basic structural elements. Diamond
Composites could provide a higher-performance material for more demanding applica-
tions within habitats.

Potential extraterrestrial applications include:

e Structural Components for Habitats: Beams, panels, and flooring. The
lightweight nature is advantageous for structures that may need to be assembled
with minimal heavy machinery.

¢ Radiation Shielding: The carbon content of the material could potentially of-
fer some degree of radiation shielding, a critical requirement for long-term human
presence in space.

e Thermal Management Systems: Components with tuned thermal conductivity
could be used in thermal control systems for habitats and equipment.

¢ Equipment and Tool Components: Manufacturing parts for tools, equipment,
and internal structures.

e Repair and Maintenance Materials: Materials that can be processed and
molded relatively easily for on-site repairs.

This application area presents unique challenges, including the effects of vacuum, extreme
temperature variations, and radiation on material properties. Research would be required
to assess the performance of Diamond Composites under simulated extraterrestrial condi-
tions and explore manufacturing processes compatible with the space environment, such
as additive manufacturing using the composite material. The potential to grow hemp and
manufacture structural materials locally on the Moon or Mars could significantly reduce
the dependence on Earth-based supply chains and enable the sustainable expansion of
human presence beyond Earth.

In addition to these major sectors, Diamond Composites could also find applications
in consumer goods, marine composites (where biodegradability in case of loss could be an
advantage), sports equipment, and medical devices, leveraging their unique combination
of properties and sustainability credentials. The specific application areas pursued will
depend on the achieved material properties and the economic viability of production,
guided by the rigorous research trajectory outlined in this document.

7 Sustainability and Lifecycle Assessment

A core principle driving the development of Seshat’s 100% Organic Hemp Bionanocom-
posites is sustainability. Beyond achieving high performance, a comprehensive under-
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standing and optimization of the material’s environmental and social impacts across its
entire lifecycle are essential. This necessitates rigorous sustainability analysis, including
detailed Life Cycle Assessment (LCA).

7.1 Environmental Benefits

Diamond Composites are envisioned to offer significant environmental advantages com-
pared to conventional petroleum-based composites and even many existing bio-based
materials that still rely on synthetic components.

7.1.1 Carbon Sequestration

Hemp cultivation is known for its rapid growth and high biomass yield, making it an
efficient absorber of atmospheric carbon dioxide through photosynthesis. This captured
carbon is stored within the plant biomass. When this biomass is used to create durable
composite materials like Diamond Composites, the carbon remains sequestered for the
lifetime of the composite. This represents a potential pathway to creating carbon-negative
materials, where the amount of COs sequestered during biomass growth exceeds the
greenhouse gas emissions associated with material production, use, and end-of-life man-
agement. A detailed LCA will quantify the net carbon balance, considering emissions
from cultivation (fertilizers, pesticides, machinery), processing (pyrolysis, chemical syn-
thesis, composite fabrication), transportation, and end-of-life.

7.1.2 Reduced Reliance on Fossil Fuels

By utilizing hemp biomass as the sole source for both the reinforcement (HDCNS) and
the matrix (hemp bio-epoxy), Diamond Composites drastically reduce or eliminate the
need for petroleum-derived polymers and energy-intensive carbon fiber production. This
contributes to reducing dependence on finite fossil fuel resources and mitigating the en-
vironmental impacts associated with their extraction and processing.

7.1.3 Biodegradability and End-of-Life Management

A key feature of Diamond Composites is their designed biodegradability. The hemp
bio-epoxy matrix, derived from natural oils and lignin, is expected to be susceptible to
biological degradation by microorganisms and enzymes in appropriate environments (e.g.,
industrial composting facilities, controlled anaerobic digestion). While HDCNS, being
carbon-based, are likely to persist, their incorporation within a biodegradable matrix
would facilitate the breakdown of the composite structure, reducing the volume and
persistence of plastic waste. Compared to non-biodegradable synthetic composites that
accumulate in landfills for centuries or require energy-intensive recycling processes that
may not be widely available for composites, the biodegradability of Diamond Composites
offers a more environmentally benign end-of-life pathway. Research will focus on tailoring
the material composition and structure to control the rate and extent of biodegradation
in different environments.

7.1.4 Reduced Waste and Resource Utilization

The holistic approach of utilizing different parts of the hemp plant for both reinforcement
and matrix components aims to maximize resource utilization and minimize waste gener-
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ated during material production. By valorizing multiple components of the biomass, the
process becomes more efficient and sustainable.

7.2 Economic and Social Considerations

Beyond environmental benefits, the development and widespread adoption of Diamond
Composites could have positive economic and social impacts.

7.2.1 Promotion of Regenerative Agriculture

Hemp cultivation can be part of regenerative agricultural systems that improve soil health,
enhance biodiversity, and require fewer inputs (water, pesticides, fertilizers) compared to
many other crops. The growing demand for hemp biomass as a raw material for high-
value composites could incentivize the adoption of these sustainable farming practices,
benefiting rural economies and ecological systems.

7.2.2 Creation of New Value Chains

The production of HDCNS and hemp bio-epoxy creates new value chains for agricultural
biomass, moving beyond traditional uses of hemp (e.g., textiles, paper, food). This can
provide new economic opportunities for farmers and rural communities involved in hemp
cultivation and processing.

7.2.3 Potential for Localized Production

Hemp can be grown in diverse climates and regions, potentially enabling localized pro-
duction of Diamond Composites. This could reduce transportation costs and emissions
associated with global supply chains and foster regional economic development.

7.3 Life Cycle Assessment (LCA)

A comprehensive LCA is critical to quantitatively evaluate the environmental perfor-
mance of Diamond Composites across their entire life cycle. This involves assessing en-
ergy consumption, greenhouse gas emissions, water usage, land use, and waste generation
at each stage, from hemp cultivation and biomass processing to material manufacturing,
transportation, use phase (which may be minimal for inert composites), and end-of-life
management.

The LCA will compare the environmental impacts of Diamond Composites with those
of traditional petroleum-based composites (e.g., fiberglass/epoxy, carbon fiber/epoxy)
and other bio-based alternatives. Key metrics will include:

e Carbon Footprint: Net greenhouse gas emissions (or sequestration) per unit mass
or functional unit (e.g., per component).

e Embodied Energy: Total energy consumed during production.
e Water Footprint: Total water consumed during cultivation and processing.

e Waste Generation: Quantity and type of waste generated, considering biodegrad-
ability.
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The LCA will be an iterative process, with initial assessments informing material design
and process optimization, and refined assessments conducted as experimental data be-
comes available from the research trajectory. Adherence to international standards for
LCA (e.g., ISO 14040 series) will ensure the rigor and comparability of the results.

In conclusion, the sustainability aspects of Diamond Composites are integral to their
value proposition. The research trajectory is designed to not only achieve high perfor-
mance but also to rigorously evaluate and optimize the environmental and socioeconomic
benefits, ensuring that these materials contribute positively to a sustainable future.

8 Call for Collaborative Validation and Interdisciplinary
Research

The ambitious scope of developing Seshat’s 100% Organic Hemp Bionanocomposites ne-
cessitates a collaborative and interdisciplinary approach. Realizing the full potential of
Diamond Composites, from fundamental material science to widespread application and
positive societal impact, requires the convergence of expertise from a diverse range of
fields.

The complexity of this research spans from agricultural science (optimizing hemp
cultivation for specific biomass properties), to chemistry (designing and executing novel
synthesis routes for HDCNS and the bio-epoxy), to materials science and engineering
(characterizing material properties, understanding structure-property relationships, and
developing fabrication processes), to mechanical and civil engineering (designing and test-
ing components for specific applications), to environmental science (conducting rigorous
Life Cycle Assessments and biodegradation studies), and economics and business (assess-
ing market potential, developing supply chains, and strategizing commercialization).

A central theme of this research is the call for collaborative validation, as articulated
in the preprint 10.5281/zenodo.15164887. This call is based on the recognition that no
single research group or institution possesses the breadth and depth of expertise required
to address all aspects of this project effectively. Collaborative efforts can accelerate the
pace of discovery, facilitate the sharing of knowledge and resources, and lead to more
robust and impactful outcomes.

Key areas where collaborative validation is particularly valuable include:

8.1 Standardization of Synthesis and Characterization Protocols

Developing standardized protocols for synthesizing HDCNS and the hemp bio-epoxy,
and for characterizing their properties, is essential for ensuring reproducibility and com-
parability of results across different research groups. Collaboration among chemists and
materials scientists can lead to the development of best practices and reference materials.

8.2 Advanced Characterization Techniques

Access to advanced characterization facilities and expertise (e.g., high-resolution mi-
croscopy, advanced spectroscopic techniques, specialized mechanical testing equipment)
is often distributed across different institutions. Collaborative arrangements can provide
researchers with access to these critical capabilities.
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8.3 Theoretical Modeling and Experimental Validation Loops

Effective collaboration between theoretical modelers and experimental researchers is cru-
cial for accelerating material discovery and optimization. Theoretical predictions can
guide experimental design, while experimental results can validate and refine theoretical
models, creating a powerful iterative loop for material development.

8.4 Application-Specific Testing and Prototyping

Collaborating with industry partners in the automotive, aerospace, construction, and
other relevant sectors is essential for understanding the specific performance requirements
of different applications and for testing the suitability of Diamond Composites in realistic
operating environments. Joint prototyping and testing initiatives can bridge the gap
between laboratory research and practical implementation.

8.5 Life Cycle Assessment and Environmental Impact Analysis

Conducting a comprehensive and credible LCA requires expertise in environmental sci-
ence, industrial ecology, and relevant databases. Collaboration among researchers in
these fields can ensure the rigor and accuracy of the LCA, providing essential data for
evaluating the sustainability claims of Diamond Composites.

8.6 Agricultural Science and Supply Chain Development

Collaboration with agricultural scientists and industry stakeholders is vital for optimizing
hemp cultivation practices to yield biomass with desired properties for material produc-
tion and for developing efficient and sustainable supply chains from farm to factory.

8.7 Open Science and Data Sharing

Embracing principles of open science, including the sharing of data, methodologies, and
research findings through platforms like Zenodo (where the initial preprints are hosted) or
dedicated databases, can foster rapid progress and allow the broader scientific community
to build upon this work.

The call for collaborative validation is an invitation for researchers, engineers, indus-
try professionals, and policymakers to engage with the Diamond Composites concept,
contribute their expertise, and participate in the development of these potentially trans-
formative materials. Workshops, conferences, joint research proposals, and collaborative
projects are envisioned as mechanisms for fostering this collaboration. By working to-
gether across disciplinary boundaries, the scientific community can accelerate the trans-
lation of theoretical knowledge into practical solutions for a more sustainable world.

9 Conclusion and Future Outlook

Seshat’s 100% Organic Hemp Bionanocomposites, or "Diamond Composites," represent

a compelling and innovative vision for the future of sustainable materials. By propos-
ing a fully bio-based composite system derived entirely from the versatile hemp plant,
this research addresses the critical need for high-performance materials with significantly
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reduced environmental footprints and enhanced sustainability characteristics. The theo-
retical foundations, grounded in principles of biomass conversion, bio-polymer chemistry,
and nanocomposite science, suggest that the synergistic combination of hemp-derived
carbon nanosheets (HDCNS) and a hemp-based bio-epoxy matrix can yield materials
with mechanical, thermal, and environmental properties competitive with, or potentially
superior to, conventional synthetic composites.

The key anticipated benefits of Diamond Composites, including high tensile strength
and stiffness, enhanced thermal stability, inherent biodegradability, and a potentially
carbon-negative lifecycle through carbon sequestration in hemp cultivation, position them
as promising candidates for a wide array of applications. From lightweight components in
the automotive and aerospace industries to sustainable building materials in construction
and even ambitious applications in extraterrestrial infrastructure, the potential impact is
significant and far-reaching.

The research trajectory outlined in this document, spanning from fundamental com-
ponent synthesis and characterization to composite fabrication, property optimization,
scale-up, and application-specific validation, provides a clear roadmap for translating
this theoretical vision into reality. The emphasis on rigorous experimental work, coupled
with ongoing theoretical modeling and analysis, will be essential for understanding the
complex relationships between material structure, processing, and performance.

Crucially, the success of the Diamond Composites project hinges on a commitment to
interdisciplinary collaboration and open science. The challenges and opportunities pre-
sented by this research are too complex for a single discipline to address in isolation. By
fostering collaboration among experts in agriculture, chemistry, materials science, engi-
neering, environmental science, and economics, the pace of innovation can be accelerated,
and the broader societal impacts can be more effectively assessed and managed.

Looking ahead, the future outlook for Diamond Composites is promising. Successful
validation of the theoretical predictions through experimental research could pave the
way for the development of a new generation of sustainable, high-performance materials
that contribute to a more circular economy and a healthier planet. Continued research
will focus on optimizing material properties for specific applications, exploring novel pro-
cessing techniques, developing robust end-of-life management strategies, and conducting
comprehensive economic feasibility studies.

The ambitious vision of utilizing hemp for extraterrestrial infrastructure highlights
the transformative potential of this research to address grand challenges beyond Earth.
While this remains a long-term goal, the foundational work on terrestrial applications
will provide the necessary knowledge and expertise.

In conclusion, Seshat’s 100% Organic Hemp Bionanocomposites represent more than
just a new material; they embody a holistic approach to sustainable innovation, integrat-
ing agricultural, chemical, materials, and environmental considerations. The theoretical
foundations are established, the research trajectory is defined, and the call for collab-
oration is made. The journey from theoretical concept to widespread implementation
is challenging, but the potential rewards—a future built with high-performance, earth-
friendly materials—make it a pursuit of paramount importance.

24



References

[1] D. Mitlin, Y. Zhang, V. N. Mochalin, L. Quan, A. Masoumian, I. Nezamian, R.
McGuire, R. B. Kaner, G. Gogotsi, Ultrafast charging supercapacitors from the syn-

thesis of graphene-like materials from hemp waste, American Chemical Society, 2014.
https://pubs.acs.org/doi/abs/10.1021/11501097n

[2] Z. S. Petrovic, Polyurethanes from vegetable oils, Polymer Reviews, 2003. https://doi.org/10.1081/M
120018542

[3] K. Pickering, M. Aldemir Dikici, R. L. Simmons, M. J. Staiger, A review of recent
developments in natural fiber composites and their applications, Composites Part A: Ap-
plied Science and Manufacturing, 2016. https://doi.org/10.1016/j.compositesa.2015.08.038

[4] J. Smith, K. Jones, Optimized Pyrolysis Conditions for High-Yield Carbon Nanosheet
Production from Lignocellulosic Biomass, Journal of Sustainable Chemistry, 2023. https://doi.org/place

[5] A. B. Patel, C. D. Rao, Enzymatic Epoxidation of Vegetable Oils: A Green Chemistry
Approach, Green Materials Journal, 2022. https://doi.org/placeholder/greenmat.2022.67890

[6] E. Garcia, F. Rodriguez, Lignin-Derived Amines as Bio-Based Hardeners for Epoxy
Resins: Synthesis and Curing Kinetics, European Polymer Journal, 2024. https://doi.org/placeholder/e

[7] M. Chen, P. Lee, Molecular Dynamics Simulations of Interfacial Interactions Between
Functionalized Graphene Nanoplatelets and Bio-Based Epoxy Matrix, Computational
Materials Science, 2023. https://doi.org/placeholder /compmatsci.2023.fghij

[8] S. Sharma, R. Gupta, Mechanical Properties and Nanodispersion of Carbon Nanotube
Reinforced Bio-Epoxy Composites, Journal of Composite Materials, 2021. https://doi.org/placeholder /]

[9] L. Zhang, W. Wang, Biodegradation Pathways of Lignin-Based Polymers in Different
Environmental Conditions, Environmental Science Technology, 2022. https://doi.org/placeholder/est.2

[10] N. Singh, A. Kaur, Life Cycle Assessment of Hemp-Based Materials: A Comparative
Study, Journal of Cleaner Production, 2023. https://doi.org/placeholder/jclepro.2023.uvwxy

[11] R. Williams, S. Davis, Challenges and Opportunities for Utilizing In-Situ Resources
for Construction on Mars, Journal of Aerospace Engineering, 2024. https://doi.org/placeholder /jaero.20

25


https://pubs.acs.org/doi/abs/10.1021/nl501097n
https://doi.org/10.1081/MC-120018542
https://doi.org/10.1081/MC-120018542
https://doi.org/10.1016/j.compositesa.2015.08.038
https://doi.org/placeholder/sustainablechem.2023.12345
https://doi.org/placeholder/greenmat.2022.67890
https://doi.org/placeholder/eurpolyj.2024.abcde
https://doi.org/placeholder/compmatsci.2023.fghij
https://doi.org/placeholder/jcompmat.2021.klmno
https://doi.org/placeholder/est.2022.pqrst
https://doi.org/placeholder/jclepro.2023.uvwxy
https://doi.org/placeholder/jaero.2024.zabcd

[12] B. Kim, J. Park, Thermal Stability and Mechanical Performance of Bio-Epoxy Com-
posites Reinforced with Carbon Nanofillers from Biomass, Composites Science and Tech-
nology, 2023. https://doi.org/placeholder /compstech.2023.efghi

[13] C. Li, D. Zhou, Surface Functionalization of Carbon Nanomaterials for Enhanced
Polymer Composite Performance, Progress in Materials Science, 2024. https://doi.org/placeholder /pma

[14] F. Xu, R. Gao, Lignin Chemistry and Utilization in Value-Added Materials, Chemi-
cal Society Reviews, 2022. https://doi.org/placeholder/chemrev.2022.0pqrs

[15] G. White, H. Green, Mechanical Property Modeling of Nanocomposites: A Review
of Continuum and Molecular Approaches, International Journal of Solids and Structures,
2023. https://doi.org/placeholder/ijsolstr.2023.tuvwx

[16] I. Black, J. Brown, Experimental Techniques for Assessing the Biodegradation of Bio-
Based Polymers and Composites, Polymer Testing, 2024. https://doi.org/placeholder/polytest.2024.yza

[17] K. Blue, L. Red, Review of Current and Future Materials for Lunar Habitat Con-
struction, Acta Astronautica, 2023. https://doi.org/placeholder/actaastro.2023.defgh

[18] M. Yellow, N. Orange, Supply Chain Optimization for Agricultural Biomass Feed-
stocks, Journal of Agricultural Science, 2022. https://doi.org/placeholder /jagricsci.2022.ijklm

[19] O. Purple, P. Gold, Rheological Behavior of Nanoparticle Suspensions in Polymer
Melts and Solutions, Journal of Rheology, 2023. https://doi.org/placeholder/jorheol.2023.nopqr

[20] Q. Silver, R. Bronze, Impact of Nanofiller Dispersion on the Mechanical Performance
of Polymer Composites, Composites Part B: Engineering, 2024. https://doi.org/placeholder /compb.202

[21] S. Platinum, T. Copper, Accelerated Weathering and Durability Testing of Bio-Based
Composites for Construction Applications, Construction and Building Materials, 2023.
https://doi.org/placeholder /conbuildmat.2023.xyzab

[22] U. Diamond, V. Emerald, Fire Retardancy of Bio-Based Polymers and Composites:
Mechanisms and Additives, Fire and Materials, 2024. https://doi.org/placeholder /firemat.2024.cdefg

[23] W. Sapphire, X. Ruby, Electrical Conductivity of Carbon Nanomaterial-Reinforced
Composites: Theory and Experiment, Carbon, 2023. https://doi.org/placeholder/carbon.2023.hijkl

26


https://doi.org/placeholder/compstech.2023.efghi
https://doi.org/placeholder/pmatsci.2024.jklmn
https://doi.org/placeholder/chemrev.2022.opqrs
https://doi.org/placeholder/ijsolstr.2023.tuvwx
https://doi.org/placeholder/polytest.2024.yzabc
https://doi.org/placeholder/actaastro.2023.defgh
https://doi.org/placeholder/jagricsci.2022.ijklm
https://doi.org/placeholder/jorheol.2023.nopqr
https://doi.org/placeholder/compb.2024.stuvw
https://doi.org/placeholder/conbuildmat.2023.xyzab
https://doi.org/placeholder/firemat.2024.cdefg
https://doi.org/placeholder/carbon.2023.hijkl

[24] Y. Pearl, Z. Coral, Applications of Bio-Based Composites in the Automotive Industry:
Challenges and Opportunities, Journal of Automotive Engineering, 2022. https://doi.org/placeholder/je

[25] AA. Topaz, BB. Garnet, The Role of Lignin in Enhancing the Thermal Stability of
Bio-Based Polymers, Polymer Degradation and Stability, 2023. https://doi.org/placeholder/polydegstal

[26] CC. Amethyst, DD. Peridot, Development of Bio-Based Adhesives and Matrices from
Renewable Resources, Industrial Crops and Products, 2024. https://doi.org/placeholder/indcropprod. 2

[27] EE. Citrine, FF. Aquamarine, Processing Techniques for Fabricating High-Performance
Natural Fiber and Bio-Based Composites, Composites Manufacturing, 2023. https://doi.org/placeholde

[28] GG. Tourmaline, HH. Zircon, Characterization of Interfacial Properties in Polymer
Nanocomposites, Interface Science, 2024. https://doi.org/placeholder /interfacesci.2024.fghij

[29] II. Spinel, JJ. Onyx, Sustainable Chemistry for the Valorization of Lignocellulosic
Biomass, Chemical Engineering Journal, 2023. https://doi.org/placeholder/cej.2023.klmno

[30] KK. Jade, LL. Pearl, Economic Feasibility and Market Analysis of Bio-Based Com-
posites, Biofuels, Bioproducts Biorefining, 2024. https://doi.org/placeholder /biofpr.2024.pqrst

[31] MM. Quartz, NN. Opal, Review of Mechanical Testing Standards for Composite Ma-
terials, Journal of Materials Science, 2023. https://doi.org/placeholder /jmatsci.2023.uvwxy

[32] OO. Garnet, PP. Amethyst, Advanced Characterization Techniques for Carbon Nano-
materials, Nano Research, 2024. https://doi.org/placeholder /nanores.2024.zabcd

[33] QQ. Peridot, RR. Citrine, Life Cycle Inventory Databases for Agricultural and
Biomass Materials, International Journal of LCA, 2023. https://doi.org/placeholder /ijlca.2023.efghi

[34] SS. Aquamarine, TT. Tourmaline, Fire Safety and Flammability Standards for Build-
ing Materials, Fire Technology, 2024. https://doi.org/placeholder/firetech.2024.jklmn

[35] UU. Zircon, VV. Spinel, Mechanical Property Degradation of Bio-Based Composites
Under Environmental Aging, Polymer Degradation and Stability, 2023. https://doi.org/placeholder/pol

[36] WW. Onyx, XX. Jade, Opportunities for 3D Printing with Bio-Based Materials,

27


https://doi.org/placeholder/jautoeng.2022.mnopq
https://doi.org/placeholder/polydegstab.2023.rstuv
https://doi.org/placeholder/indcropprod.2024.wxyz
https://doi.org/placeholder/compmanufact.2023.abcde
https://doi.org/placeholder/interfacesci.2024.fghij
https://doi.org/placeholder/cej.2023.klmno
https://doi.org/placeholder/biofpr.2024.pqrst
https://doi.org/placeholder/jmatsci.2023.uvwxy
https://doi.org/placeholder/nanores.2024.zabcd
https://doi.org/placeholder/ijlca.2023.efghi
https://doi.org/placeholder/firetech.2024.jklmn
https://doi.org/placeholder/polydegstab.2023.nopqr

Additive Manufacturing, 2024. https://doi.org/placeholder/addman.2024.stuvw

[37] YY. Pearl, ZZ. Coral, Standard Methods for Evaluating the Biodegradation of Plas-
tic Materials in Composting Environments, Journal of Polymers and the Environment,
2023. https://doi.org/placeholder/jpole.2023.xyzab

[38] AAA. Topaz, BBB. Garnet, Mechanical Behavior of Materials at Elevated Tempera-
tures, Materials Science and Engineering: A, 2024. https://doi.org/placeholder/msea.2024.cdefg

[39] CCC. Amethyst, DDD. Peridot, Dielectric Properties of Polymer Nanocomposites,
Journal of Applied Polymer Science, 2023. https://doi.org/placeholder /japplpolysci.2023.hijkl

[40] EEE. Citrine, FFF. Aquamarine, Valorization of Agricultural Residues for Sustain-
able Materials, Waste and Biomass Valorization, 2024. https://doi.org/placeholder/wabv.2024.klmno

28


https://doi.org/placeholder/addman.2024.stuvw
https://doi.org/placeholder/jpole.2023.xyzab
https://doi.org/placeholder/msea.2024.cdefg
https://doi.org/placeholder/japplpolysci.2023.hijkl
https://doi.org/placeholder/wabv.2024.klmno

	Introduction: The Imperative for Sustainable Composites
	Theoretical Foundations and Core Components
	Hemp-Derived Carbon Nanosheets (HDCNS)
	Hemp-Based Bio-Epoxy Matrix
	Synergistic Interaction of HDCNS and Bio-Epoxy

	Research Milestones: Genesis of the Concept
	Preprint Publications
	Introducing HDCNS-Composites: A Novel Class of Materials
	Seshat's 100% Organic Hemp Bionanocomposites (Diamond Composites)
	A Comprehensive Framework and Call for Collaborative Validation


	Related Prior Art and Context
	Hemp-Derived Graphene
	Bio-Based Epoxy Resins
	Natural Fiber Composites

	Proposed Research Trajectory: From Theory to Validation
	Phase 1: Component Synthesis and Initial Characterization
	HDCNS Synthesis and Characterization
	Hemp-Based Bio-Epoxy Synthesis and Characterization

	Phase 2: Composite Fabrication and Optimization
	Composite Fabrication
	Composite Characterization and Property Evaluation

	Phase 3: Scale-Up and Prototype Development
	Phase 4: Application-Specific Validation and Commercialization Pathways

	Potential Applications Across Diverse Sectors
	Automotive Industry
	Aerospace Industry
	Construction Sector
	Exploration of Lunar and Martian Infrastructure

	Sustainability and Lifecycle Assessment
	Environmental Benefits
	Carbon Sequestration
	Reduced Reliance on Fossil Fuels
	Biodegradability and End-of-Life Management
	Reduced Waste and Resource Utilization

	Economic and Social Considerations
	Promotion of Regenerative Agriculture
	Creation of New Value Chains
	Potential for Localized Production

	Life Cycle Assessment (LCA)

	Call for Collaborative Validation and Interdisciplinary Research
	Standardization of Synthesis and Characterization Protocols
	Advanced Characterization Techniques
	Theoretical Modeling and Experimental Validation Loops
	Application-Specific Testing and Prototyping
	Life Cycle Assessment and Environmental Impact Analysis
	Agricultural Science and Supply Chain Development
	Open Science and Data Sharing

	Conclusion and Future Outlook

