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Abstract

This paper presents a refined mathematical framework for the design
and prediction of properties of ”Diamond Composites” (codename: 100%
Organic Hemp Bionanocomposites), a novel class of sustainable advanced
materials derived exclusively from Cannabis sativa biomass. Building
upon the foundational hypotheses of holistic biomass valorization and AI-
guided reintegration, we propose mathematical representations for key
hemp-derived compositional and processing variables and their antici-
pated influence on critical material properties such as mechanical strength,
electrical conductivity, thermal stability, and tunable biodegradability.
This framework aims to provide a quantitative foundation for future AI-
driven design and optimization of these unprecedented 100% hemp-based
bionanocomposites.

1 Introduction

The pursuit of truly sustainable materials necessitates a focus on renewable
resources and minimal environmental impact. Landry’s ”Diamond Composite”
concept [1] (codename: 100% Organic Hemp Bionanocomposites) offers a trans-
formative approach by envisioning the complete deconstruction and intelligent
recombination of 100% hemp biomass. This paper refines the initial mathemat-
ical framework to accurately represent the 100

2 Mathematical Representation of Hemp Com-
position

The foundation of Diamond Composites lies in the precise utilization of hemp’s
diverse molecular constituents. We define a Hemp Composition Vector, H, as:
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H =


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
where wi represents the weight fraction of each major structural compo-

nent within the *hemp* biomass, ccannabinoids and cterpenes are vectors de-
noting the concentration of individual phytochemicals within the *hemp*, and
ycarbon precursor quantifies the yield of tailored carbon allotropes (e.g., nanosheets,
nanotubes) achievable from a given *hemp* source.

3 Modeling the Hemp-Derived Bio-Epoxy Ma-
trix

The proposed bio-epoxy matrix, crucial for the ”bionanocomposite” designation,
is formed exclusively from epoxidized hemp seed oil (EHO) and modified lignin
(ML) derived from hemp. We define the Matrix Formulation, M, as:

M =

 ϕEHO

ϕML

ρcrosslink


where ϕEHO and ϕML represent the volume fractions of EHO and ML, re-

spectively, both sourced from *hemp*, and ρcrosslink is a parameter quantifying
the crosslink density of the resulting polymer network, which is hypothesized to
significantly influence mechanical properties and tunable biodegradation rates.

4 Quantifying Hemp-Derived Reinforcement Ar-
chitecture

The multi-phase carbon architecture and hierarchical fiber reinforcement, ex-
clusively derived from hemp, can be represented by the Reinforcement Vector,
R:

R =

vmacro fiber · omacro fiber · αmacro fiber

vnano fiber · αnano fiber

vcarbon nano ·morphologycarbon


Here, vi denotes the volume fraction, omacro fiber represents the orienta-

tion tensor of macro-fibers (hemp bast fibers), αi is the aspect ratio, and
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morphologycarbon is a vector describing the relative proportions and char-
acteristics (e.g., size, surface area) of different carbon allotropes derived from
*hemp*.

5 Mathematical Hypotheses for Key Properties

Based on the expanded hypothesis space, we can formulate preliminary mathe-
matical relationships:

5.1 Mechanical Strength (σ)

We hypothesize that mechanical strength is a complex function of the hemp-
derived reinforcement architecture, hemp-derived matrix crosslink density, and
interfacial interactions:

σ = fσ(R, ρcrosslink,H)

Specifically, we anticipate a positive correlation with the volume fraction and
alignment of reinforcing phases, an optimal crosslink density within the hemp-
derived matrix, and potentially synergistic effects from specific hemp-derived
phytochemicals that enhance interfacial bonding.

5.2 Electrical Conductivity (κ)

Electrical conductivity is expected to be primarily governed by the content and
connectivity of the hemp-derived carbon nanostructures:

κ = fκ(vcarbon nano,morphologycarbon,Pr)

Processing parameters influencing the dispersion and alignment of conduc-
tive fillers derived from hemp will be critical.

5.3 Thermal Stability (Tdecomp)

Thermal decomposition temperature is hypothesized to be influenced by the
thermal stability of the individual hemp components and the crosslinked poly-
mer network derived from hemp:

Tdecomp = fT (H,M)

The hemp-derived lignin content and the degree of crosslinking within the
hemp-derived matrix are expected to play a significant role.
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5.4 Tunable Biodegradability (β)

The rate and extent of biodegradation are hypothesized to be tunable by control-
ling the hemp-derived matrix composition and crosslink density, and potentially
by incorporating specific hemp components that promote or inhibit microbial
degradation:

β = fβ(ρcrosslink, ϕEHO,H)

A lower crosslink density and a higher proportion of readily biodegradable
components (e.g., cellulose, hemicellulose) within the hemp biomass are ex-
pected to increase biodegradability.

6 The Role of Processing Parameters (Pr)

Processing parameters, such as temperature, pressure, and mixing regimes, are
critical in influencing the final microstructure and properties of the 100% Or-
ganic Hemp Bionanocomposites. These parameters will affect the dispersion of
hemp-derived reinforcing phases, the degree of crosslinking in the hemp-derived
matrix, and the interfacial bonding between hemp-derived components. Their
influence will be embedded within the functions fσ, fκ, fT , fβ .

7 AI-Driven Design and Optimization

The complexity of the relationships outlined above necessitates the use of Ar-
tificial Intelligence and Machine Learning for effective design and optimization.
AI algorithms can be trained on experimental data to learn the complex func-
tions fσ, fκ, fT , fβ and subsequently used to predict the properties of novel
100% hemp-derived composite formulations and to identify optimal processing
parameters for desired performance targets.

8 Conclusion

This paper provides a refined mathematical framework for understanding and
predicting the properties of ”Diamond Composites” (codename: 100% Organic
Hemp Bionanocomposites), materials derived exclusively from hemp biomass.
By defining key hemp-derived compositional and processing variables and formu-
lating initial hypotheses regarding their influence on critical material properties,
we aim to establish a quantitative foundation for future research and develop-
ment in this promising area of sustainable materials science. The integration
of AI-driven design and optimization will be crucial in navigating the complex
interplay of these variables to unlock the full potential of hemp biomass for
advanced bionanocomposite applications.
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