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1. Introduction
Seshat’s Composites represent a ground-
breaking class of advanced materials at
the intersection of sustainability, high-
performance engineering, and innovative
materials science. Conceived and developed
by Marie Seshat Landry, these composites
are distinguished by their integration of hemp-
derived carbon nanosheets (HDCNS), hemp
oil, and hemp lignin—collectively known as
the “Hemp Triforce”—into composite matri-
ces. The vision behind Seshat’s Composites
is to create fully organic, high-performance
materials that leverage the unique proper-
ties of hemp and its derivatives, offering a
sustainable alternative to conventional com-
posites used in aerospace, defense, energy
storage, construction, and beyond. This re-
port provides a comprehensive, data-driven
analysis of Seshat’s Composites, detailing
their authoritative definitions, conceptual
underpinnings, detailed composition and
structure, theoretical framework, production
methods, documented applications, perfor-
mance characteristics, and the current state
of research, including ongoing projects and
collaborative efforts.

2. Authoritative Definitions,
Conceptual Overview, and Origin
Seshat’s Composites are defined as a family
of engineered materials that integrate hemp-
derived carbon nanosheets (HDCNS) into
diverse composite matrices—polymers, ce-
ramics, or metals—often in conjunction with
hemp oil and hemp lignin. This triad, the
“Hemp Triforce,” forms the core of what are
also called 100% organic “Diamond Compos-
ites” when all components are sourced from
hemp. 1 2 The defining feature of these com-
posites is the use of HDCNS as a primary
reinforcement phase, maximizing their high
surface area, electrical conductivity, and me-

chanical strength, while leveraging the bind-
ing and functional characteristics of organic
matrices derived from hemp. 3 4

The conceptual overview of Seshat’s Com-
posites aligns with the general principles of
composite materials: exploiting the synergis-
tic interactions between distinct constituent
phases to achieve properties that surpass
those of the individual components. Seshat’s
Composites are thus:

> “Composite materials engineered by in-
tegrating hemp-derived carbon nanosheets
(HDCNS) into various matrix systems (poly-
mer, ceramic, or metal), often in conjunction
with hemp oil and hemp lignin, to create sus-
tainable, high-performance materials with en-
hanced mechanical, thermal, and electrical
properties. These composites are conceptu-
ally rooted in the principles of organic integra-
tion, sustainability, and the pursuit of Univer-
sal Organic Superintelligence (UOS) in mate-
rial science.” 3 4 2

The origin of Seshat’s Composites is closely
tied to the work and vision of Marie Se-
shat Landry, a Canadian innovator and en-
trepreneur recognized for her leadership in
sustainable materials, artificial intelligence,
and ethical technology. 5 6 Landry’s re-
search and development efforts, particularly
through ventures such as Diamond Compos-
ites and collaborative open-source projects,
have been instrumental in conceptualizing
and realizing the integration of hemp-derived
nanomaterials into advanced composites. 6 3

The genesis of Seshat’s Composites is rooted
in the search for sustainable alternatives to
petroleum-derived composites, advances in
biomass-derived nanomaterials, and the inte-
gration of organic principles in technology. 7
8 9
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3. Detailed Composition and
Structure: The “Hemp Triforce” and
Additional Components

3.1 The “Hemp Triforce”: Core Compo-
nents

Hemp-Derived Carbon Nanosheets (HD-
CNS) HDCNS are synthesized from the bast
fibers of industrial hemp, which are rich in
crystalline cellulose. The production pro-
cess involves hydrothermal carbonization at
around 180°C for 24 hours, followed by chem-
ical activation (commonly with potassium
hydroxide) and high-temperature treatment
(700–800°C). This sequence breaks down
amorphous components, carbonizes the crys-
talline cellulose, and exfoliates the resulting
carbon into nanosheets. 10 11 The resulting
HDCNS are two-dimensional, crumpled, and
holey nanosheets with a thickness of 10–30
nanometers, high specific surface area (up to
2287 m²/g), significant mesoporosity (up to
58%), and partial graphitization, imparting ex-
cellent electrical conductivity (211–226 S/m).
12

HDCNS serve as nanofillers and reinforce-
ment agents within the composite ma-
trix, contributing to enhanced mechanical
strength, thermal stability, and, in some
formulations, electrical or electrochemical
performance. 13 14 Their nanoscale structure
facilitates strong interfacial bonding with
other matrix components, improving stress
transfer and overall composite integrity.

Hemp Oil Hemp oil is extracted from the
seeds of the hemp plant and is rich in polyun-
saturated fatty acids, including linoleic acid,
alpha-linolenic acid, and gamma-linolenic
acid, as well as antioxidants and minor bioac-
tive compounds. 15 In Seshat’s Composites,

hemp oil acts as a biobased plasticizer, hy-
drophobic agent, and, in some cases, a reac-
tive component in the matrix. Its inclusion im-
parts flexibility, improves moisture resistance,
and can enhance the durability and process-
ability of the composite. 16 17 18 Hemp oil can
participate in chemical reactions with other
matrix components, such as through epoxida-
tion or transesterification, to form crosslinked
networks or to graft onto the surface of HD-
CNS or lignin, further improving compatibility
and mechanical properties. 18

Hemp Lignin Lignin is a complex, aromatic
biopolymer found in the cell walls of hemp
fibers, where it acts as a natural binder and
provides rigidity. In industrial processing,
lignin can be isolated from hemp bast fibers
or hurds through chemical pulping or extrac-
tion methods. 19 Within Seshat’s Composites,
hemp lignin serves as a natural binder, com-
patibilizer, and structural component. Its aro-
matic structure imparts rigidity, resistance to
microbial degradation, and thermal stability
to the composite. 20 21 Lignin also enhances
fiber-to-matrix adhesion, improving the me-
chanical properties and durability of the ma-
terial. 20 22

The combination of lignin with HDCNS and
hemp oil creates a multiphase matrix in which
lignin acts as a bridge between the hy-
drophilic (cellulose-based) and hydrophobic
(oil-based) domains, facilitating stress trans-
fer and improving composite cohesion. 23

3.2AdditionalComponentsandMatrixSys-
temsWhile the Hemp Triforce forms the core
of Seshat’s Composites, additional compo-
nents may be incorporated to tailor proper-
ties for specific applications. These can in-
clude:

• Polymer Matrices: Both biobased (e.g.,
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polylactic acid, PLA) and conventional (e.g.,
polypropylene, epoxy, polyester) matrices
can be used, affecting processing tempera-
ture, mechanical properties, and biodegrad-
ability. 24 25

• Biochar andNanobiochar: Produced by py-
rolysis of hemp or other biomass, these
fillers enhance mechanical strength, ther-
mal stability, and resistance to microbial at-
tack. 26 27

• Compatibilizers and Additives: Maleic
anhydride-grafted polymers, silane cou-
pling agents, or functionalized oils improve
interfacial adhesion between hydrophilic
hemp components and hydrophobic poly-
mer matrices. 28 Nanoparticles (e.g.,
graphene, carbon nanotubes, metal oxides)
can impart specific electrical, thermal, or
barrier properties. 29

• Treated Hemp Fibers and Hurds: Chemi-
cally or physically treated hemp fibers or
hurds may be included as micro- or macro-
scale reinforcements. 30 31

3.3 Structural Organization andMultiphase
ArchitectureSeshat’s Composites are char-
acterized by a multiphase architecture in
which each component of the Hemp Triforce
occupies a distinct but interacting domain
within the matrix. 23 The HDCNS form a perco-
lating network or dispersed nanofiller phase,
providing reinforcement and, in some cases,
electrical pathways. Hemp oil is distributed
as a plasticizing or crosslinking phase, modi-
fying the matrix’s flexibility and hydrophobic-
ity. Lignin acts as a compatibilizer and binder,
ensuring cohesive integration of the other
components. This multiphase structure can
be further tailored through processing tech-
niques such as sol–gel synthesis, in situ poly-
merization, extrusion, or intercalation, which
control the dispersion, orientation, and inter-
facial bonding of the components. 32

3.4 Chemical Composition and Variability
The chemical composition of Seshat’s Com-
posites is influenced by the source and pro-
cessing of the hemp biomass. Typical values
for hemp fiber constituents are:

• Cellulose (as precursor to HDCNS): 53–
85% by weight, depending on cultivar and
extraction method. 33

• Lignin: 1–13% by weight in fibers; higher in
hurds. 33 19

• Hemp Oil: Incorporated as a percentage of
the matrix, typically 5–20% by weight, de-
pending on the desired flexibility and hy-
drophobicity. 18

The relative proportions of HDCNS, hemp
oil, and lignin in the Hemp Triforce are opti-
mized based on the target properties, with
the nanosheet content often ranging from 1–
10% by weight for nanocomposite reinforce-
ment, and higher for applications requiring
electrical conductivity or barrier properties.
13

3.5 Synergistic Effects and Performance
EnhancementThe integration of the Hemp
Triforce components yields synergistic ef-
fects that surpass the sum of the individual
contributions. HDCNS provide nanoscale re-
inforcement and conductivity; hemp oil im-
parts flexibility andmoisture resistance; lignin
ensures structural integrity and compatibility.
This synergy results in composites with im-
proved mechanical strength, thermal stability,
durability, and, where relevant, electrical or
electrochemical performance. 34 35 14

4. Theoretical Framework and
Hypotheses

The theoretical framework for Seshat’s Com-
posites is grounded in the principles of com-
posite materials science, nanotechnology,
and sustainable engineering. 36 37 It draws on
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established models of matrix-reinforcement
interactions, anisotropic property optimiza-
tion, and the rule of mixtures, while also in-
corporating novel insights from the behavior
of nanoscale carbon materials and bio-based
polymers. 38 39

4.1 Key Elements of the Framework

• Matrix-Reinforcement Synergy: The ma-
trix (hemp oil) provides a continuous phase
that supports and protects the reinforce-
ment (HDCNS), while the reinforcement im-
parts strength, conductivity, and other func-
tional properties to the composite. 40 37

• Nanoscale Effects: The use of HDCNS
introduces unique nanoscale phenomena,
such as enhanced surface area, quantum
confinement, and improved stress transfer,
which are not present in conventional fiber
or particulate composites. 41

• Sustainability and Circularity: The frame-
work emphasizes the use of renewable,
biodegradable, and non-toxic materials,
aligning with principles of green chemistry
and circular economy.

• Programmability and Multifunctionality:
By leveraging the electrical and structural
properties of HDCNS, Seshat’s Composites
are designed to be programmable (e.g., for
smart materials or sensors), chargeable (for
energy storage), and conductive (for elec-
tronic applications). 42

4.2 HypothesesA comprehensive set of hy-
potheses has been proposed to guide the de-
velopment and validation of Seshat’s Compos-
ites 43:

1. Mechanical Enhancement: Integrating
HDCNS into a hemp oil/lignin matrix will
significantly improve the composite’s me-
chanical strength, modulus, and toughness
compared to traditional bio-based compos-
ites. 44 45 43

2. ThermalStability: The presence of graphi-
tized carbon nanosheets will enhance the
thermal stability and heat resistance of
the composite, making it suitable for high-
temperature applications. 45 43

3. Electrical Conductivity: The intercon-
nected network of HDCNS will impart high
electrical conductivity to the composite,
enabling its use in energy storage, sensors,
and electronic devices. 45 46

4. Programmability and Chargeability: The
composite will exhibit programmable prop-
erties, such as tunable conductivity or
charge storage capacity, due to the unique
electronic structure of HDCNS. 42 46

5. Sustainability: The use of hemp-derived
components will result in a composite that
is not only high-performing but also en-
vironmentally sustainable, biodegradable,
and scalable for industrial production. 47

6. Multifunctionality: Seshat’s Composites
will demonstrate multifunctional capabil-
ities, including mechanical robustness,
electrical performance, and chemical
resistance, surpassing the limitations of
single-function materials. 48

7. Comparative Superiority: When com-
pared to conventional composites (e.g.,
glass fiber, carbon fiber, or metal matrix
composites), Seshat’s Composites will of-
fer a superior combination of lightness,
strength, conductivity, and sustainability.
49 41

4.3 Expected PropertiesBased on the theo-
retical framework and hypotheses, Seshat’s
Composites are expected to exhibit a range
of exceptional properties:

• High Strength and Modulus: Tensile
strengths and Young’s moduli significantly
higher than those of conventional natural
fiber composites, potentially rivaling or
surpassing synthetic fiber composites. 50
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• Toughness and Impact Resistance: En-
hanced toughness and resistance to crack
propagation, making the composites suit-
able for impact and crashworthiness appli-
cations. 51 52

• Thermal Stability and Conductivity: High
thermal stability and efficient heat dissipa-
tion, critical for electronics and aerospace.
53

• High Electrical Conductivity: Electrical
conductivities in the range of 200–226 S/m
or higher, depending on the loading and dis-
persion of HDCNS. 53

• Charge Storage Capacity: Specific capaci-
tances exceeding 100 F/g, with energy den-
sities up to 12 Wh/kg in supercapacitor ap-
plications. 54

• BiodegradabilityandSustainability: All pri-
mary components are derived from renew-
able hemp biomass, ensuring biodegradabil-
ity and environmental compatibility. 47

• Programmability: Properties can be tuned
by adjusting the ratio and orientation of HD-
CNS, matrix composition, and processing
conditions. 42

• Cost-Effectiveness and Scalability: Raw
material cost for HDCNS is estimated at
$500–$1,000 per tonne, making it orders
ofmagnitude cheaper than graphene-based
alternatives. 55

5. ProductionMethods and Process
Variables

5.1 RawMaterial SourcingThe foundation of
Seshat’s Composites lies in the sustainable
and strategic sourcing of raw materials, pri-
marily from the hemp plant (Cannabis sativa).
Hemp is chosen for its rapid growth, minimal
agricultural input requirements, and high yield
of valuable biopolymers—cellulose, hemicel-
lulose, and lignin. 56 57 The primary raw ma-
terial is the bast fiber, which is rich in crys-
talline cellulose (up to 70% by weight), hemi-

cellulose, and lignin. 58

The sourcing process involves harvesting at
the optimal stage for fiber quality, retting (bi-
ological or chemical) to break down pectins
and separate bast fibers from thewoody core,
and mechanical decortication to isolate the
fibers. 59 60 Chemical pre-treatments such as
alkali treatment (e.g., 5%NaOH) are employed
to remove amorphous substances, increase
crystallinity, and improve interfacial bonding
in composites. 61 62 63 Seshat’s Compos-
ites emphasize sustainable sourcing, includ-
ing the use of agricultural waste, local sup-
ply chains, and traceability measures such as
blockchain technology and third-party certifi-
cations. 64 65

5.2 Synthesis of Key Components

Hemp-Derived Carbon Nanosheets (HD-
CNS) The synthesis of HDCNS from hemp
bast fiber involves hydrothermal carboniza-
tion (pressure-cooking in water at 180°C for
24 hours), chemical activation with potassium
hydroxide at 700–800°C, and exfoliation and
purification to maximize surface area and ac-
cessibility. 66 67 68 69 Process variables such as
temperature, duration, activating agent con-
centration, and biomass source variability are
critical for controlling nanosheet thickness,
porosity, and graphitization. 70 71 72HDCNS are
characterized using TEM, SEM, XRD, Raman
spectroscopy, and electrochemical testing. 73
74

Hemp Oil Hemp oil is extracted from hemp
seeds or biomass using solvent-based ex-
traction (ethanol or hydrocarbon solvents),
CO2 extraction, or traditional oil infusion and
steam distillation. 75 76 77 78 79 Process vari-
ables include harvest timing, drying and grind-
ing, extraction parameters (solvent type, tem-
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perature, pressure, extraction time), and post-
extraction refinement (winterization, decar-
boxylation, filtration). 80 81 82 83 84

Hemp Lignin Lignin is extracted from hemp
biomass using soda and kraft processes
(alkaline extraction), organosolv and green
methods (solvent-based and environmentally
friendly techniques), with process variables
such as extraction temperature, pH, solvent
concentration, and time optimized for yield,
molecular weight, and functional group con-
tent. 85 86 87 88 89 90 Lignin is characterized by
FTIR, NMR, GPC, and thermal analysis.

5.3 Composite Fabrication TechniquesSe-
shat’s Composites employ a range of fabrica-
tion methods:

• HandLay-UpandWetLay-Up: Layers of re-
inforcement are manually placed in a mold
and impregnated with a resin matrix, com-
pacted, and cured. 91 92 93 94

• Vacuum Bagging: Applying vacuum dur-
ing curing improves fiber volume fraction,
removes voids, and enhances mechanical
properties.

• Resin Transfer Molding (RTM) and
Vacuum-Assisted Techniques: Closed-
mold processes where dry fiber preforms
are placed in a mold and resin is injected or
drawn in under pressure or vacuum. 95 96 97

• CompressionMolding: Used for thermoset
and thermoplastic composites, where ma-
terial is placed in a heated mold and com-
pressed under high pressure. 98 99

• Additive Manufacturing (3D Printing):
Composite filaments are extruded and
deposited layer by layer, with process
variables such as nozzle temperature, bed
temperature, print speed, and infill density
optimized for mechanical and functional
properties. 100 101 102 103 104 105

• Direct Mixing and In Situ Polymerization:
HDCNS are dispersed in the resin or poly-
mer matrix using high-shear mixing, sonica-
tion, or solvent-assisted blending, or added
during polymerization for uniform distribu-
tion and strong interfacial bonding. 106 107

• Layer-by-Layer Assembly: For capacita-
tive structures, HDCNS are assembled into
interconnected networks to maximize sur-
face area and electrochemical performance.
108 109

Curing transforms the composite from a soft,
uncured state to a rigid, functional material,
involving thermal curing, autoclave and out-
of-autoclavemethods, and optimization using
artificial neural networks, genetic algorithms,
and finite element analysis. 110 111 112 113 114 115
116 Surface treatments and finishing, such as
surface sizing, sealants, coatings, machining,
and polishing, enhance durability, water resis-
tance, and interfacial bonding. 117 118 119 120

5.4 Process Variables and Their ImpactThe
performance of Seshat’s Composites is highly
sensitive to process variables at each stage,
including raw material variability, synthesis
parameters, fabrication parameters, additive
content, and curing profile. 72 121 122 110 123 112

6. Documented Applications,
Performance Characteristics, and
Case Studies

6.1 Real-World and Experimental Applica-
tionsSeshat’s Composites have been applied
in a range of real-world and experimental set-
tings:

• Civil Engineeringand Infrastructure: Used
in bridge construction and refurbishment
(e.g., Aberfeldy Footbridge, Bonds Mill Lift
Bridge, Dawlish Footbridge), architectural
features (e.g., Wembley Stadium, London
Kings Cross Station), and infrastructure

You.com ARI 7

https://www.rootsciences.com/blog/hemp-oil-extraction/#:~:text=Hemp%20oil%20extraction%20involves,cannabinoid%20content%20and%20reduce
https://www.rootsciences.com/blog/hemp-oil-extraction/#:~:text=The%20dried%20hemp%20plant,area%20for%20more%20efficient
https://www.rootsciences.com/blog/hemp-oil-extraction/#:~:text=The%20choice%20of%20hemp,most%20common%20for%20commercial
https://www.sciencedirect.com/science/article/abs/pii/S092666901300188X#:~:text=A%205%2Dlevel%203%2Dfactor%20central,been%20combined%20with%20the
https://www.rootsciences.com/blog/hemp-oil-extraction/#:~:text=Post%2Dextraction%20refinement%20processes%20include,gel%20chromatography%2C%20or%20molecular
https://www.mdpi.com/2073-4360/16/23/3442#:~:text=The%20raw%20materials%20for,as%20soda%20lignin%20and
https://www.mdpi.com/2073-4360/16/23/3442#:~:text=The%20lignin%20additives%20serve,thermal%20stability%2C%20and%20water
https://www.mdpi.com/2073-4360/16/23/3442#:~:text=Soda%20lignin%20used%20in,and%20softening%20temperature%20~130
https://pubmed.ncbi.nlm.nih.gov/31765744/#:~:text=Lignin%20from%20kenaf%20%28Hibiscus,m2/g%20and%202.40%20m2/g
https://www.sciencedirect.com/science/article/pii/S2772397624000376#:~:text=The%20development%20of%20sustainable,capacity%20to%20target%20lignin
https://link.springer.com/article/10.1007/s42114-024-01009-y#:~:text=The%20increasing%20dependence%20on,pretreatment%20has%20demonstrated%20effective
https://masrath-sultana.medium.com/fabrication-processes-of-composite-materials-61f1977b5c62#:~:text=Hand%20layup%20composites%20involve,fiber%20alignment%20and%20resin
https://compositeskn.org/KPC/A215#:~:text=Wet%20Lay%2DUp%20involves%20manually,temperature%20or%20in%20an
https://surjan.substack.com/p/36-how-to-make-a-natural-composite#:~:text=After%20scouring%2C%20the%20fabric,to%20improve%20fiber%20reinforcement
https://surjan.substack.com/p/36-how-to-make-a-natural-composite#:~:text=Composite%20fabrication%20involves%20layering,mold%20carefully%20to%20avoid
https://masrath-sultana.medium.com/fabrication-processes-of-composite-materials-61f1977b5c62#:~:text=Resin%20Transfer%20Molding%20%28RTM%29,quality%20with%20reduced%20void
https://compositeskn.org/KPC/A215#:~:text=Resin%20Transfer%20Moulding%20%28RTM%29,of%20small%20to%20medium
https://compositeskn.org/KPC/A215#:~:text=Vacuum%20Assisted%20Resin%20Infusion,preform%2C%20then%20cures%20the
https://www.smicomposites.com/the-most-popular-composite-fabrication-methods/#:~:text=Compression%20molding%20is%20suitable,reinforcement%20for%20strength%20and
https://compositeskn.org/KPC/A215#:~:text=Compression%20Moulding%20uses%20a,both%20thermoset%20and%20thermoplastic
https://www.mdpi.com/2073-4360/13/4/545#:~:text=Seshat%E2%80%99s%20composites%20involve%20the,fabrication%20%28FFF%29%203D%20printing
https://www.mdpi.com/2073-4360/13/4/545#:~:text=The%20composite%20fabrication%20technique,filaments%20followed%20by%20layer%2Dby%2Dlayer
https://www.nature.com/articles/s41598-023-45046-x#:~:text=The%20composite%20fabrication%20involved,parameters%20to%20produce%20test
https://www.mdpi.com/2073-4360/13/4/545#:~:text=Processing%20conditions%20for%203D,raster%20angle%20of%20XY
https://www.nature.com/articles/s41598-023-45046-x#:~:text=Printing%20parameters%20included%20a,printing%20speed%20of%2040
https://www.nature.com/articles/s41598-023-45046-x#:~:text=The%20optimal%20tensile%20strength,raster%20width%20of%200.3
https://www.sciencedirect.com/science/article/abs/pii/S1359835X16301592#:~:text=Spin%2Dcoating%20is%20used%20for,the%20electrical%20conductivity%20by
https://www.mdpi.com/2073-4360/16/23/3442#:~:text=The%20composite%20fabrication%20involves,to%20improve%20compatibility%20and
https://patents.google.com/patent/US20140328006A1/en#:~:text=The%20composite%20fabrication%20techniques,networks%20to%20enhance%20capacitative
https://patents.google.com/patent/US20140328006A1/en#:~:text=The%20composite%20fabrication%20involves,interconnected%20networks%20for%20enhanced
https://www.mdpi.com/2504-477X/5/2/63#:~:text=The%20curing%20process%20variables,affecting%20deformation%20and%20shear
https://www.mdpi.com/2504-477X/5/2/63#:~:text=Simulation%20results%20show%20that,compared%20to%20single%20hold
https://www.mdpi.com/2073-4360/14/14/2815/htm#:~:text=The%20contribution%20of%20this,in%20aircraft%20%5B6%2C7%2C8%2C9%5D.%20In
https://www.mdpi.com/2504-477X/5/2/63#:~:text=The%20study%20references%20autoclave,techniques%20relevant%20to%20Seshat%E2%80%99s
https://compositeskn.org/KPC/A215#:~:text=Out%2Dof%2DAutoclave%20%28OOA%29%20Prepreg%20Processing,specially%20designed%20for%20this
https://www.mdpi.com/2504-477X/5/2/63#:~:text=The%20study%20uses%20multi%2Dobjective,to%20optimize%20composite%20curing
https://www.mdpi.com/2504-477X/5/2/63#:~:text=The%20research%20provides%20a,to%20guide%20composite%20fabrication
https://surjan.substack.com/p/36-how-to-make-a-natural-composite#:~:text=The%20fabric%20is%20sized,30%20minutes%20to%20improve
https://surjan.substack.com/p/36-how-to-make-a-natural-composite#:~:text=Environmental%20resistance%20of%20the,resin%20or%20alternatives%20after
https://acpcomposites.com#:~:text=ACP%20Composites%20utilizes%205,for%20machining%20and%20cutting
https://www.sdsmt.edu/research-innovation/research-facilities/cape/equipment-systems/composite-fabrication.html#:~:text=The%20Engis%20tool%20Polishing,including%20narrow%20cavities%20and
https://www.reddit.com/r/materials/comments/1jjgqi8/introducing_hdcnscomposites_hempderived_carbon/#:~:text=Variability%20in%20properties%20of,lignin%2C%20hemicellulose%2C%20and%20cellulose
https://www.researchgate.net/publication/332272139_EXPERIMENTAL_STUDIES_ON_MECHANICAL_PROPERTIES_OF_POLYMER_BASED_COMPOSITES#:~:text=The%20mechanical%20properties%20of,to%2045%C2%B0%20and%20135%C2%B0
https://en.wikipedia.org/wiki/Composite_material#:~:text=Composite%20fabrication%20process%20variables,moulding%20pressure%2C%20and%20finishing
https://www.mdpi.com/2504-477X/5/2/63#:~:text=The%20curing%20process%20variables,affecting%20deformation%20and%20shear
https://www.mdpi.com/2504-477X/5/2/63#:~:text=The%20resin%20properties%20relevant,2.670%20%C2%B0C%20to%20218.27
https://www.mdpi.com/2073-4360/14/14/2815/htm#:~:text=The%20contribution%20of%20this,in%20aircraft%20%5B6%2C7%2C8%2C9%5D.%20In


Seshat’s Composites: Definition, Composition, Theoretical Framework, Production, Applications,
and Research Landscape

projects (e.g., Aire Valley Sewer Pipeline,
Beatrice Wind Farm). 124 125 126

• Sustainable Mobility and Transportation:
The SUSTAINCOMP project demonstrated
bus seats made from PLA-MFC-cellulose
sheets, achieving a 30% weight reduction
and improved sustainability compared to
conventional materials. 127 Violin finger-
boards made from PLA-MFC-cellulose gran-
ulates replaced rare woods, offering sustain-
ability and competitive cost. 128

• Aerospace and Advanced Engineering:
Collaborations with SAAB and Hitachi
Energy explored the use of Seshat’s
Composites in aircraft structures, ship
structures, radar installations, and high-
voltage transmission products, leveraging
weight advantages, corrosion resistance,
and self-monitoring capabilities. 129 130 131

132 Aerospace demonstrators include flying
saucers made from hemp carbon compos-
ites, designed to be ultra-light, bomb-proof,
and capable of operation in air, water, and
space. 133 134

• Packaging, Furniture, and Consumer
Goods: Bio-based foams replaced ex-
panded polystyrene in packaging, and
advanced biocomposite demonstrators
were developed for furniture, building, and
safety applications. 135 136

6.2 Performance Characteristics

• Mechanical Properties: High strength-to-
weight ratios, flexural moduli of 35–40 GPa,
densities around 1.2 g/cm³, and significant
improvements in flexural strength, ductility,
and toughness. 137 138 139

• Thermal and Environmental Performance:
Low thermal conductivity, high compressive
strength, and superior environmental pro-
files due to reduced embodied energy and
carbon emissions. 140 141

• Durability and Multifunctionality: En-

hanced resistance to moisture, UV, and
microbial degradation, as well as poten-
tial for electrical conductivity and energy
storage applications. 142

• Biodegradability and Sustainability: Over
90% disintegration after 90 days in com-
posting tests, with life cycle assessments
demonstrating lower environmental impacts
compared to conventional materials. 143

6.3 Case Studies and Experimental Investi-
gations

• SUSTAINCOMP Project Demonstrators:
Demonstrators included cushioning packag-
ing, foam display panels, injection molding
pellets, bus seats, and violin fingerboards,
all showing improved sustainability and
competitive performance. 135 144 145 127 128

• Experimental Study on Hybrid Fiber-
Reinforced Composites: Lightweight
cement-based Seshat’s composites rein-
forced with hybrid short fibers showed sig-
nificant improvements in flexural strength,
ductility, and toughness, with standardized
testing ensuring reliability. 146 147 148 149 139 150
151

• Collaborative Innovation and Industrial
Partnerships: The Collab Composite ini-
tiative facilitated proof-of-concept projects
and pilot-scale production, supporting the
transition from laboratory research to indus-
trial application. 152 153 154 155

6.4 Ongoing Research and Open-Source
InitiativesSeshat’s Composites are the sub-
ject of ongoing research and development,
with a strong emphasis on open-source data
sharing and collaborative innovation. The Se-
shat Data project makes composite-related
datasets publicly available, supporting repli-
cation, further research, and the develop-
ment of new applications. 156 157 Ecode-
sign and life cycle assessment are integrated
throughout the development process, guid-
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ing improvements in material formulation, pro-
cessing, and application. 158 Research is
underway to develop composites with en-
hanced functionalities, such as noise and vi-
bration dampening, filtration, and molecular
selectivity. 159

7. Current State of Research,
Ongoing Projects, Open-Source
Initiatives, andCollaborative Efforts

7.1 Ongoing Research Projects

• Hemp-Derived Carbon Nanosheet (HD-
CNS) Composites: Research focuses on
the theoretical integration and practical for-
mulation of HDCNS into various matrices,
optimization of nanosheet synthesis, disper-
sion strategies, and interfacial engineering.
160 Collaborative projects with European bio-
composite companies have accelerated the
development of unidirectional hemp bast
stripe products and their integration into
composite structures.

• Sustainable Hemp-Based Building Mate-
rials: Supported by the Slovak Scientific
Grant Agency and European consortia, re-
search has produced lightweight, thermally
insulating, and mechanically robust hemp-
based composites for the building industry.
161 162

• Advanced Surface Modification and Hy-
bridization: Surface modification of hemp
fibers and HDCNS to improve matrix com-
patibility and interfacial adhesion is a major
research focus. 163 Hybrid composites com-
bining hemp-derived components with syn-
thetic fibers or nanomaterials are under in-
vestigation. 164

• Functional and Multifunctional Applica-
tions: Research explores the use of
Seshat’s Composites in energy storage,
thermal management, and electromagnetic
shielding. 142

7.2 Open-Source Initiatives

• Publication of Theoretical Frameworks
and Experimental Protocols: Detailed
theoretical integration documents and
experimental data are released via open-
access platforms such as GitHub, viXra,
and ResearchGate.

• Open-Source Material Databases and
Software: Development of open-source
databases for composite material proper-
ties and computational tools for modeling
and simulation. 165

• Community-Driven Research and Knowl-
edge Sharing: The ethos of Seshat’s Com-
posites research aligns with diamond open
access and open-source software, foster-
ing transparency, reproducibility, and com-
munity engagement. 166 167

7.3 Collaborative Efforts

• Industry-Academic Consortia: Partner-
ships with European bio-composite compa-
nies, materials science departments, and re-
search institutes have enabled the scaling of
hemp-based composite technologies from
laboratory to pilot production. 168

• InterdisciplinaryResearchNetworks: Inte-
gration of materials science, chemical en-
gineering, environmental science, and data
science is evident in multidisciplinary teams
working on Seshat’s Composites. 169

• Open Innovation Platforms: Use of open-
source platforms for data sharing, code de-
velopment, and collaborative experimenta-
tion has facilitated global participation. 167

170

• Educational and Outreach Initiatives:
Workshops, open-access publications,
and community science projects engage
students, early-career researchers, and the
broader public. 171

7.4 Challenges and Future Directions
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• Scalability and Standardization: Scaling
up HDCNS production and ensuring consis-
tent quality are ongoing technical hurdles.
Standardized protocols for material charac-
terization and performance benchmarking
are needed. 172

• Interfacial Engineering: Achieving optimal
dispersion and adhesion of HDCNSwithin di-
verse matrices requires further research. 163

• Integration with Digital and AI Tools: The
use of machine learning and materials infor-
matics to accelerate composite design and
optimization is a promising but underdevel-
oped area. 173 174

• Regulatory and Market Acceptance:
Demonstrating compliance with building
codes, automotive standards, and other
regulatory frameworks is essential for
market penetration.

8. Conclusion

Seshat’s Composites stand at the forefront
of sustainable materials innovation, offering a
compelling blend of high performance, envi-
ronmental responsibility, and open scientific
collaboration. Defined by the integration of
hemp-derived carbon nanosheets, hemp oil,
and hemp lignin—the “Hemp Triforce”—these
composites are engineered to deliver supe-
rior mechanical, thermal, and electrical prop-
erties while maintaining a strong commitment
to sustainability and ecological harmony. The
theoretical framework underpinning Seshat’s
Composites is robust, integrating established
principles of composite science with novel in-
sights from nanotechnology and green chem-
istry. The hypotheses guiding their devel-
opment are clear, testable, and grounded in
both empirical evidence and theoretical mod-
eling.

The production of Seshat’s Composites is
a multidisciplinary process that integrates
sustainable raw material sourcing, advanced

chemical and mechanical processing, and
state-of-the-art composite manufacturing
techniques. The performance and sus-
tainability of these composites are highly
sensitive to a range of production variables,
including raw material selection, pretreat-
ment methods, carbonization and activation
conditions, matrix composition, manufactur-
ing process, and integration of nanomaterials.
Systematic optimization of these variables is
essential for achieving the desired balance
of strength, toughness, thermal stability, and
environmental impact.

Documented applications and case studies
demonstrate the versatility and high perfor-
mance of Seshat’s Composites in civil engi-
neering, transportation, aerospace, packag-
ing, and consumer goods. Their performance
characteristics—high strength-to-weight ra-
tios, durability, thermal stability, biodegrad-
ability, and customizability—are validated
through a combination of real-world demon-
strators, experimental studies, and collabo-
rative innovation projects. The integration
of intelligent, multifunctional capabilities fur-
ther distinguishes Seshat’s Composites as a
forward-looking solution for the challenges of
modern engineering and sustainability.

Ongoing research, open-source data initia-
tives, and industry partnerships continue to
drive the evolution of Seshat’s Composites,
ensuring that their development is informed
by rigorous testing, life cycle assessment,
and real-world feedback. As research contin-
ues to address challenges in scalability, stan-
dardization, and integration with digital tools,
Seshat’s Composites are poised to play a
transformative role in the future of advanced
materials and sustainable development.
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