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CMOS-compatible GFET manufacturing optimized
on 200mm wafers, achieving 97% device yield.

Graphene Flagship's 2D Pilot Line develops
graphene PICs on 200mm wafers, demonstrating
scalability.

CIOE 2026 highlights Nanoimprint Lithography for
nano-optics, memory chips, and AR/VR
waveguides.

Zymosense secures $92K grant to accelerate
commercialization of its phytase enzyme.

First Graphene updates ASX on securities listing
application and director interest changes.

imec achieves world-first 3.8M junction/cm?
density in NbTiN superconducting circuits with
30nm interconnects.

Novel aramid nanofiber aero-gel achieves ultra-low
thermal conductivity and extreme temperature
durability.

Allegro's nanotechnology therapeutic, Hydrocelin,
improves knee osteoarthritis pain and function in
trials.

Mayo Clinic/NaNotics show NaNots nanoparticles
restore anti-tumor immunity in triple-negative
breast cancer.

imec extends chemically amplified resists for High
NA EUV lithography, enabling 22nm pitch single
patterning.

Cerium-doped bioactive glass nanofibers promote
bone regeneration via Treg-mediated
immunomodulation.

Novel bilayer collagen nanofiber nerve wrap
promotes axonal regeneration in canine peripheral
nerve injury.

Machine learning force fields unravel carboxylate
ligand binding on CdSe quantum dots at atomic
level.

Clay-reinforced blow-spun PVDF nanofiber mats
achieve significant mechanical strength
enhancement.

MIT develops injectable nanodevices for
drug-resistant glioblastoma, crossing the
blood-brain barrier.

Graphene Manufacturing Group (GMG) stock surges
as graphene aluminum-ion battery tech fuels
investor interest.

First Graphene secures landmark production order
for PureGRAPH® from Pacific Urethanes for mining
products.

ACS Fall 2026 unveils breakthrough in inherently
safer, hydrofluoric acid-free MXene production.

Low | Yellow highlight = featured article

Nanotechnology Weekly Intelligence Report ; 2026-09-13 | Page 2



I Three Questions That Demand Your Decision This Week

O Is your semiconductor roadmap ready for graphene?

Georgia Tech and Tianjin University's functional graphene semiconductor (#13) boasts 10x silicon's electron
mobility and CMOS compatibility. Does this breakthrough make your current platform obsolete? How quickly can
you integrate or license this technology to maintain competitive advantage in HPC and Al?

[0 Can your supply chain secure next-gen lithography materials?

Imec's advancements in High NA EUV resists for 22nm pitch single patterning (#23) are critical for future
microchip manufacturing. Are your procurement teams assessing the availability and geopolitical risks of these
specialized materials? What is your strategy if key suppliers are non-US/EU?

O Are you prepared for safer, scalable MXene production?

A new, inherently safer, HF-free MXene production method (#31) removes a major barrier to commercialization.
Have your R&D; and procurement teams evaluated this new process? Which Asian competitors gain the most from
this, and how can US/EU firms leverage this for new product development and supply chain resilience?

I Opportunities vs. Threats for US/European Companies
Opportunity vs. Threat Matrix for US/European Companies
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o G-Urethane Ref. Niche market -
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I Deep Dive O — Graphene Semiconductor: 10x Silicon Mobility

#13 | 2026709710 | Iron Circuit (YouTube) | Tech Noveltye o o o o Proximitye o o o o Market Impacte e e e e Data
Reliabilitye e e @ @ US/EU Relevancee o o o o

Georgia Tech and Tianjin University have developed the world's first functional graphene semiconductor,
achieving electron mobility ten times higher than silicon. This breakthrough involves growing epitaxial graphene
directly on silicon carbide wafers, creating a naturally semiconducting structure compatible with existing chip

manufacturing infrastructure.

This innovation promises radical improvements in computing performance, potentially making current GPUs
obsolete. Graphene's single-atom thickness, high electron mobility, and excellent thermal conductivity are key
to overcoming physical limitations faced by silicon-based devices, enabling exponential boosts in Al accelerators

and other computationally intensive applications.

[0 Strategic Analyst's Perspective

Strategic Analyst's Perspective: The claim of 10x silicon mobility is a significant academic
breakthrough, but the path to commercialization is long. Scaling to large, defect-free wafers and
integrating into complex circuit designs remain major technical barriers. The 'obsolete GPU" claim
is highly speculative and long-term. [Opportunity] for US/EU semiconductor firms to license or
acquire this foundational IP, leading the next generation of computing. [Threat] if this US-China
collaboration leads to exclusive IP, leaving other US/EU players behind. Next actions: [R&D;]
Initiate internal research on epitaxial graphene on SiC and bandgap engineering by Q4 2026.
[Legal/IP] Begin scouting IP landscape for graphene semiconductors immediately.

I Deep Dive I — CMOS-Compatible GFET Manufacturing

#14 | 2026/09/09 | ACS Publications | Tech Noveltye e e e o Proximitye e e o o Market Impacte e e e o Data
Reliabilitye e e @ @ US/EU Relevancee o o o o

A research team, including Imec, has optimized the manufacturing process for CMOS-compatible graphene
field-effect transistors (GFETs) on 200mm wafers, achieving a high device yield of 97%. This marks a crucial

step towards industrial adoption of 2D material-based devices.

The optimized process maintains excellent doping uniformity, low contact resistance, and high mobility,
demonstrating compatibility with existing semiconductor fabrication lines. This breakthrough removes a
significant barrier for 2D material devices to transition into large-scale industrial uptake, accelerating

development of next-generation electronics for 10T, 5G/6G, and Al.

Nanotechnology Weekly Intelligence Report ; 2026-09-13 | Page 5



0 Strategic Analyst's Perspective

Strategic Analyst's Perspective: Imec's achievement of 97% yield on 200mm wafers is highly
realistic and a strong indicator of industrial viability. Key technical barriers remaining include
scaling to 300mm wafers, ensuring long-term device reliability in diverse environments, and
seamless integration into existing complex process flows. [Opportunity] for US/EU foundries and
device manufacturers to adopt this process for next-generation sensors, high-frequency
communication, and specialized computing. [Threat] if Asian foundries or competitors adopt and
scale this technology faster, potentially eroding US/EU leadership in 2D material device
manufacturing. Next actions: [R&D;] Evaluate GFET integration into existing CMOS lines by Q1
2027. [Procurement] Assess potential suppliers for 2D materials and GFET components within 1
month.
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I Deep Dive O — High NA EUV Lithography Resist Breakthrough

#2312026/09/08 | imec | Tech Noveltye e e e o Proximitye e e o o Market Impacte e e e e Data Reliabilitye e e e o
US/EU Relevancee o o o o

Imec has unveiled an extension of chemically amplified resists for High NA EUV lithography, enabling single
patterning of 22nm pitch line structures. This critical advancement facilitates the production of smaller, faster,

more affordable, and sustainable microchips.

This innovation is crucial for maximizing the potential of High NA EUV lithography, allowing higher integration
density for next-generation DRAM, NAND flash memory, and high-performance logic chips. Single patterning
simplifies manufacturing, reduces costs, and lowers defect rates, directly impacting performance enhancement

across all electronic devices.

0 Strategic Analyst's Perspective

Strategic Analyst's Perspective: Imec's announcement is highly credible and represents a critical
step for High NA EUV. The 22nm pitch single patterning is a realistic and necessary milestone.
Technical barriers include further improving resist sensitivity, reducing line edge roughness, and
ensuring defectivity control at mass production scales. [Opportunity] for US/EU resist suppliers
and chip manufacturers to leverage this to maintain or gain a leading edge in advanced
lithography and chip manufacturing. [Threat] if US/EU resist development or adoption lags,
leading to increased reliance on non-US/EU suppliers for critical materials and potential delays in
next-gen chip production. Next actions: [R&D;] Establish joint development programs with resist
suppliers to optimize materials for High NA EUV by Q4 2026. [Procurement] Conduct a supply
chain risk assessment for advanced lithography materials within 1 month.

I Other Notable Articles

imec Superconducting Circuits (imec)

TNe e e e e Mlie oo oo US/EUe o 0 0 @

World-first 3.8M junction/cm?2 density in NbTiN superconducting circuits advances HPC/AI.

Aramid Nanofiber Aero-gel (Materials Horizons | The Royal Society of Chemistry)
TNe e e 0o @ M|le o @@ 0 US/EUe © @ @ @

Novel aero-gel achieves ultra-low thermal conductivity and extreme temperature durability for harsh

environments.

NaNots for Breast Cancer (Business Wire)
TNe e e o0 Moo oo 0 US/EUe @ @ @ @

Mayo Clinic/NaNotics show NaNots nanoparticles restore anti-tumor immunity in triple-negative breast cancer.

MXene SIBs (China) (Journal of Functional Materials)
TNe e e @ 0 Mle @ @ @ 0 US/EUe @ @ @ ©

Chinese researchers develop MXene/Fe3S4@FeSe2 heterojunctions for high-capacity sodium-ion batteries.

HydroGraph Graphene Production (PCl Magazine)
TNe e e 00 Mle @ @ @ 0 US/EUe @ @ @ @

HydroGraph opens Texas HQ, establishing 30-ton annual graphene production capacity for industrial scale-up.
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I Recommended Actions This Week

Action recommendations based on article evaluation matrix and opportunity/threat analysis.

O Immediate (this week)

» [Executive] Review implications of graphene semiconductor breakthrough (#13) on long-term
computing strategy.

* [R&D;] Begin competitive analysis on advanced lithography resists (#23) and 2D material device
integration (#14).

» [Procurement] Identify potential new suppliers for MXene materials, considering safer production
methods (#31).

O Short-term (1 month)

* [R&D;] Formulate preliminary R&D; roadmap adjustments to incorporate graphene and MXene
advancements in semiconductors and energy storage.

» [Strategy] Assess competitive landscape in next-gen battery materials (e.g., Chinese SIBs #05, Li-S
#07) and identify potential partnership targets.

» [Business Dev] Explore opportunities for graphene-enhanced materials in high-performance insulation

(#20) and 3D printing (#11).

0 Medium-long term (quarter+)

» [Strategy] Develop a comprehensive IP strategy for 2D materials, including licensing, acquisition, and

defensive patenting.

» [R&D;] Establish pilot projects for integrating GFETs (#14) or graphene PICs (#15) into existing product

lines.

» [Procurement] Diversify supply chains for critical advanced materials to mitigate geopolitical risks,
especially for battery components.

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-09-13
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#01 First Graphene Secures Inaugural PureGRAPH®
Production Order from Pacific Urethanes for Enhanced
Fire-Retardant Polyurethane in Australian Mining

Published September 10, 2026  MineListings.com  Australia

| OVERVIEW

First Graphene Limited has received its first production order for PureGRAPH® from
Pacific Urethanes, marking a critical step towards commercial manufacturing. The
graphene product will be integrated into polyurethane formulations to enhance fire-
retardant performance within the Australian mining sector. This order follows
successful joint development work, positioning Pure Graphene for significant market
penetration in a global urethane mining products market estimated at $2.6 billion

annually.



| IN DEPTH

Key Findings

First Graphene Limited has announced a significant milestone: securing its first
production order for its PureGRAPH® product from Pacific Urethanes. This order
signifies a pivotal transition from developmental work to commercial manufacturing, with
PureGRAPH® slated for integration into polyurethane formulations to deliver enhanced

fire-retardant performance within the Australian mining sector.

Technical / Clinical Details

PureGRAPH® leverages the exceptional properties of graphene to improve the physical
and chemical characteristics of polyurethane materials. In the demanding mining
environment, where safety and durability are paramount, superior fire-retardancy is
directly linked to worker protection and equipment longevity. The incorporation of
graphene as a composite material offers manifold advantages, including weight
reduction, increased strength, improved thermal conductivity, and enhanced corrosion
resistance. This production order is a direct result of successful developmental
collaboration between First Graphene and Pacific Urethanes, demonstrating the

product's efficacy and commercial viability.

Background & Context

Graphene has long been hailed as a 'wonder material,' and its commercial applications
are now rapidly materializing across various industries, including industrial, energy, and
medical sectors. This order serves as a concrete example of graphene's scalability and
market adoption. The global urethane mining products market is currently valued at an
estimated US$2.6 billion annually, with projections indicating growth to approximately
US$3.8 billion by 2032. Within this expanding market, graphene-enhanced materials are
poised to provide a significant competitive edge and contribute to more sustainable

mining practices.



Strategic Significance & Outlook

This initial production order from Pacific Urethanes represents a crucial litmus test for
First Graphene's broader commercial aspirations. Its successful implementation is
expected to pave the way for expanded applications in other industrial segments and
geographical regions, thereby accelerating the overall development of the graphene
market. First Graphene aims to maximize the value proposition of PureGRAPH® and
support sustainable mining practices, ultimately strengthening its global presence.
Investors and industry stakeholders are keenly observing how graphene-based solutions

will continue to revolutionize industrial applications.

Source: https://minelistings.com/news/industry-news/first-graphene-secures-key-production-order-with-

pacific-urethanes-marking-a-strategic-milestone/

Collected: September 11, 2026 | Automated Research System (Gemini API)
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#02 Graphene Transitions to Commercialization
Across Medical Biosensors, Energy Storage, and
Industrial Coatings

Published September 03, 2026 Revolutionized USA

| OVERVIEW

Graphene is rapidly moving from laboratory research to commercial applications, with
immediate impact seen in medical biosensors, advanced energy storage solutions,
and robust industrial coatings. Companies are actively integrating graphene to
enhance concrete strength, accelerate battery charging cycles, and improve the
precision of drug delivery systems. This commercialization push is supported by
mature production methods such as chemical vapor deposition and liquid-phase

exfoliation, paving the way for widespread industrial adoption.



| IN DEPTH

Key Findings

Graphene, long lauded as a 'wonder material,' is now transitioning beyond the laboratory
into diverse commercial applications, notably in medical biosensors, advanced energy
storage, and high-performance industrial coatings. This shift signifies the maturation of
technologies capable of translating graphene's unique properties into practical, real-

world solutions.

Technical / Clinical Details

Graphene's exceptional strength, lightweight nature, superior electrical conductivity, and
chemical inertness make it a transformative material across multiple industries. Specific
applications include significantly enhancing the strength of concrete in construction,
dramatically improving charging speeds and capacities in batteries for electric vehicles
and portable devices, and increasing the precision of targeted drug delivery systems in
healthcare. Production methods have also advanced considerably; techniques like
chemical vapor deposition (CVD) for high-quality graphene sheets and liquid-phase
exfoliation (LPE) for composites and coatings are now well-established, enabling

commercial-scale manufacturing.

Background & Context

Nanotechnology research has historically focused on fundamental scientific discoveries,
but is now entering a phase of practical implementation. Graphene stands as one of the
most significant material science discoveries of the past few decades, and its practical
application will profoundly influence material design, manufacturing processes, and final
product performance. In particular, as the demand for sustainable solutions grows, there
is an increasing need for more efficient and environmentally friendly materials, a role

graphene is ideally suited to fill.



Strategic Significance & Outlook

While graphene's commercialization is still in its early stages, its potential application
spectrum is projected to expand significantly. Breakthroughs are anticipated in
unexplored areas such as flexible electronics, ultrafast telecommunications, and
environmental purification technologies. Companies and research institutions are
actively investing in new technologies to reduce production costs and ensure consistent
quality, which will allow graphene to potentially establish itself as a foundational material

for modern industry.

Source: https://revolutionized.com/graphene-material/

Collected: September 11, 2026 | Automated Research System (Gemini API)
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#03 Graphene Sensing Chips Advance to Commercial
Testing: Paragraf Launches GFET Platform, Market
Projected to Reach $5.65 Billion by 2036

Published September 04, 2026 openPR.com UK

| OVERVIEW

Graphene sensing chips are entering a practical evaluation phase, with Paragraf
introducing its PMF2002 GFET Platform and Enterprise Reader for water quality and
biosensing applications. Concurrently, Graphenea Semiconductor and Melexis are
collaborating on a GFET-on-CMOS platform for advanced biosensing. These
developments accelerate the commercialization of graphene technology, projecting
the global graphene sensing chips market to reach USD 5,652.0 million by 2036, with
a 30.0% CAGR.



| IN DEPTH

Key Findings

Graphene sensing chips are making significant strides towards commercial testing, with
Paragraf launching its PMF2002 GFET (Graphene Field-Effect Transistor) Platform and
Enterprise Reader for diverse applications such as water quality and biosensing. In
parallel, Graphenea Semiconductor and Melexis have established a strategic
collaboration to develop a GFET-on-CMOS platform aimed at advanced biosensing

capabilities.

Technical / Clinical Details

Paragraf's PMF2002 GFET platform leverages graphene's high sensitivity and specificity
to enable the detection of extremely minute quantities of substances. This technology
offers substantial benefits in fields requiring high-precision, real-time sensing, such as
environmental monitoring and disease diagnostics. Meanwhile, the GFET-on-CMOS
platform, a joint development by Graphenea Semiconductor and Melexis, integrates
existing CMOS (Complementary Metal-Oxide-Semiconductor) manufacturing techniques
with graphene technology. This fusion aims to achieve high-performance biosensors with
both mass producibility and cost-efficiency. Advances in 2.5D packaging technology

further support the integration of these chips into smaller, higher-performance devices.

Background & Context

Graphene, with its superior electrical and mechanical properties, has long been
anticipated as a key enabler for next-generation sensing technologies. Recent
advancements in manufacturing techniques and cost reductions have lowered the
barriers to practical application. There is a strong demand for innovative sensing
solutions in areas like environmental pollutant detection, rapid pathogen diagnosis, and
biomarker monitoring for personalized medicine. The global graphene sensing chips
market is projected to expand at a Compound Annual Growth Rate (CAGR) of 30.0% to
reach USD 5,652.0 million by 2036, with graphene sensing chips playing a central role in
this growth.



Strategic Significance & Outlook

The initiatives by leading companies such as Paragraf, Graphenea Semiconductor, and
Melexis are laying the groundwork for widespread adoption of graphene sensing chips
across various industries. As these platforms establish performance and reliability
through commercial evaluations, innovation is expected to accelerate in diverse sectors
including water treatment facilities, medical diagnostic equipment, food safety inspection,
and smart agriculture. Further evolution and standardization of graphene technology will
likely lead to the proliferation of smaller, more functional, and cost-effective sensing
devices, making them indispensable components in our daily lives and industrial

processes.

Source: https://www.openpr.com/news/4622163/graphene-sensing-chips-move-toward-commercial-

testing-as-2-5d

Collected: September 11, 2026 | Automated Research System (Gemini API)
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#04 University of Manchester Study Provides Strong
Evidence for Electron Interaction's Central Role in
Graphene's Unconventional Superconductivity

Published September 08, 2026  The University of Manchester, EurekAlert! UK

| OVERVIEW

Scientists at The University of Manchester's National Graphene Institute have
demonstrated that superconductivity in magic-angle graphene can be completely
switched off by weakening electron interactions. Published in Physical Review X, this
finding provides robust evidence for the central role of electron interactions in this
unconventional phenomenon. This critical advance helps clarify the underlying

mechanism of superconductivity, contributing to future technological applications.



| IN DEPTH

Key Findings

Scientists at the National Graphene Institute at The University of Manchester have
conclusively shown that superconductivity in magic-angle graphene can be entirely
deactivated by weakening electron interactions. This groundbreaking discovery,
published in 'Physical Review X,' provides compelling evidence for the central role of
electron interactions in this unconventional superconducting phenomenon, significantly

clarifying its underlying mechanism.

Technical / Clinical Details

Magic-angle graphene, formed by stacking two graphene sheets at a precise angle
(approximately 1.1 degrees), remarkably exhibits superconductivity. In this study,
researchers precisely manipulated external parameters such as gate voltage and
hydrostatic pressure to tune the strength of electron interactions. The results clearly
demonstrated that as interactions weakened, the superconducting state vanished,
experimentally confirming theories that attribute this phenomenon to strong electron
correlations. This is a crucial achievement for deepening our understanding of
unconventional superconductivity, which cannot be fully explained by conventional BCS

theory.

Background & Context

Superconductivity, the phenomenon of conducting electricity with zero resistance, holds
revolutionary potential for numerous technological fields, including energy transmission,
ultrafast computing, and medical imaging (MRI). However, practical applications are
largely hindered by the need for extremely low temperatures to achieve
superconductivity. The discovery of magic-angle graphene suggests the possibility of
superconductivity at relatively higher temperatures, attracting significant interest in both
fundamental and applied research. This current study, by elucidating its mechanism,
contributes to the roadmap towards ultimate goals such as room-temperature

superconductivity.



Strategic Significance & Outlook

These research findings will accelerate the development of new theoretical models for
superconductivity in correlated electron systems, potentially leading to the design and
synthesis of more practical superconducting materials. By establishing novel methods to
control electron interactions, it is expected that devices capable of switching
superconductivity on/off and materials optimized for specific environments could be
developed. Investors and the scientific community are keenly watching for further
breakthroughs in this field, with applications in highly energy-efficient next-generation

electronics and quantum technologies on the horizon.

Source: https://www.manchester.ac.uk/about/news/graphene-study-provides-evidence-for-

unconventional-superconductivity/
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#05 Chinese Researchers Develop

MXene/Fe3S4@FeSe2 Heterojunctions, Achieving 450
mAh/g Initial Capacity in Sodium-lon Batteries

Published 2026-08 Journal of Functional Materials China

| OVERVIEW

Chinese researchers have developed MXene/Fe3S4@FeSe2 multi-heterojunction
materials using a "MOFs-derived-sulfidation-selenidation" strategy, demonstrating
excellent performance as high-performance sodium-ion battery electrodes. This
material, characterized by a "hollow tubular flower cluster structure," achieved a high
initial specific capacity of approximately 450 mAh/g at 0.1 A/g. Furthermore, it
maintained 400 mAh/g at a high current density of 2 A/g, marking a significant

advancement for next-generation energy storage technologies.



| IN DEPTH

Key Findings

A Chinese research team has successfully synthesized MXene/Fe3S4@FeSe2 multi-
heterojunction materials using an innovative "MOFs-derived-sulfidation-selenidation”
strategy. This groundbreaking material demonstrates promising characteristics as a
high-performance electrode for sodium-ion batteries (SIBs), achieving an impressive
initial specific capacity of approximately 450 mAh/g at 0.1 A/g and maintaining 400
mAh/g even at a high current density of 2 A/g.

Technical / Clinical Details

The developed MXene/Fe3S4@FeSe2 multi-heterojunction possesses a unique "hollow
tubular flower cluster structure." This architecture maximizes the reactive surface area
and shortens ion diffusion pathways, enabling rapid insertion and extraction of sodium
ions. By utilizing MOFs (metal-organic frameworks) as precursors, the team achieved
precise structural control and uniform compositional distribution. The heterogeneous
interfaces between Fe3S4 and FeSe2 contribute to reducing charge transfer resistance,
leading to stable cycling performance. This composite material shows significant
improvements in specific capacity and rate capability compared to conventional
electrode materials, making it particularly promising for high-power and high-energy-

density sodium-ion batteries.

Background & Context

While lithium-ion batteries are widely adopted, their reliance on scarce and geopolitically
sensitive lithium resources presents challenges. Sodium-ion batteries (SIBs), leveraging
abundant and inexpensive sodium resources, are garnering significant attention as a
next-generation large-scale energy storage system. However, the larger size of sodium
ions compared to lithium ions has posed a technical bottleneck in developing electrode
materials capable of efficient insertion and extraction. Two-dimensional materials like
MXenes and transition metal chalcogenides are considered promising electrode
materials for SIBs due to their excellent electrochemical properties, and this research

accelerates their development.



Strategic Significance & Outlook

The development of this MXene/Fe3S4@FeSe2 multi-heterojunction material represents
a critical step towards the practical commercialization of sodium-ion batteries. Future
efforts will focus on further optimizing the material's stability, cycle life, and the scalability
of its manufacturing process. If commercialized, this technology could accelerate the
widespread adoption of SIBs in electric vehicles, stationary energy storage systems, and
smart grids, contributing to a sustainable energy society. Researchers and investors hold

high expectations for the potential of this high-performance electrode material.

Source: https://www.gncl.cn/EN/10.3969/j.issn.1001-9731.2026.08.002
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#06 Graphene Manufacturing Group Reports Long-Life
Cycling Data for Graphene-Aluminum-lon Batteries,
Commissions Modular Production Plant

Published September 09, 2026  Facebook (Graphene Manufacturing Group) Australia

| OVERVIEW

Graphene Manufacturing Group (GMG) has announced long-life battery cycling data,
showcasing progress in its graphene-aluminum-ion battery technology and its
potential to surpass existing solutions. GMG also commissioned a modular graphene
production plant, based on its proprietary plasma technology, designed for scalability
to meet growing product sales. This dual advancement signals GMG's readiness for
commercialization and could pave the way for more sustainable, high-performance

battery solutions.



| IN DEPTH

Key Findings

Graphene Manufacturing Group (GMG) has released long-life cycling data for its
graphene-aluminume-ion battery technology, signaling a significant advancement toward
the commercialization of next-generation batteries with the potential to outperform
existing solutions. Concurrently, GMG has commissioned a modular graphene
production plant, founded on its proprietary plasma technology, establishing scalable

manufacturing capabilities to meet anticipated increases in product demand.

Technical / Clinical Details

GMG's graphene-aluminume-ion battery is engineered as a high-performance energy
storage solution to potentially replace lithium-ion batteries. Aluminum ions, being more
abundant and cost-effective than lithium, are expected to combine with graphene
electrodes to deliver advantages such as rapid charging, extended lifespan, enhanced
safety, and a broad operating temperature range. The recently announced long-life
cycling data suggests that these characteristics are achievable not only at the laboratory
level but also in practical applications. Furthermore, the newly operational modular
graphene production plant efficiently manufactures high-quality graphene using GMG's
proprietary plasma technology. This plant is designed for flexible expansion of
production capacity in line with sales growth, enabling the company to rapidly respond to

market demand.

Background & Context

The global energy storage market is experiencing rapid expansion, driven by the
proliferation of renewable energy, the rise of electric vehicles, and the increasing
performance demands of portable devices. While existing lithium-ion batteries offer
excellent performance, they face challenges such as resource supply constraints, safety
concerns, and environmental impact. Next-generation technologies like graphene-
aluminume-ion batteries are therefore poised to overcome these hurdles and contribute to
a more sustainable and high-performance society. GMG's technology, coupled with

Australia's rich natural resources, could also enhance national energy self-sufficiency.



Strategic Significance & Outlook

The announcement of GMG's long-life cycling data and the commissioning of its
production plant delineate a clear roadmap toward the commercialization of graphene-
aluminume-ion batteries. Going forward, the company will focus on further performance
optimization, safety evaluations, and securing necessary certifications for market launch.
If widely adopted, this technology has the potential to trigger a paradigm shift in energy
storage across diverse applications, including electric vehicles, grid-scale storage, and
consumer electronics. Investors are closely monitoring the long-term growth

opportunities presented by this innovative battery technology.

Source: https://www.facebook.com/newtothestreet/posts/-gmg-announces-long-life-battery-cycling-

datagraphene-manufacturing-group-otcqx-/1930025648449768/
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#07 Chinese Researchers Develop ZrB2/MXene

Composite for Li-S Battery, Achieving 1395.9 mA-h/g

Initial Capacity and 0.072% Decay Rate Over 500
Cycles

Published September 09, 2026  Journal of Materials Science: Materials in Electronics China
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| OVERVIEW

A Chinese research team has fabricated a sulfur-affinic ZrB2/MXene composite as a
sulfur host for lithium-sulfur (Li-S) battery cathodes. The S/ZrB2/MXene electrode
demonstrated an impressive initial discharge specific capacity of 1395.9 mA-h/g at
0.1 C, retaining 512.3 mA-h/g after 500 cycles with a remarkably low capacity decay
rate of 0.072% per cycle. This breakthrough significantly improves the cycle stability,
a critical challenge for Li-S batteries, and greatly contributes to the practical

application of next-generation high-energy-density batteries.



| IN DEPTH

Key Findings

A Chinese research team has developed a novel sulfur-affinic ZrB2/MXene composite
material, which they successfully applied as a sulfur host in lithium-sulfur (Li-S) battery
cathodes to dramatically enhance performance. The S/ZrB2/MXene electrode achieved
an exceptionally high initial discharge specific capacity of 1395.9 mA-h/g at a rate of 0.1
C. Remarkabily, it retained 512.3 mA-h/g after 500 cycles, exhibiting an outstandingly low
capacity decay rate of just 0.072% per cycle.

Technical / Clinical Details

The developed ZrB2/MXene composite material is engineered to effectively suppress
the polysulfide shuttle effect, a major challenge in Li-S batteries. MXene, with its high
electrical conductivity and large surface area, enhances sulfur utilization and facilitates
charge transfer. Simultaneously, ZrB2 (zirconium diboride) contributes to robust
chemical adsorption of sulfur and its reaction intermediates, preventing soluble
polysulfides from dissolving into the electrolyte. This dual action stabilizes the active
material in the electrode, leading to long-term cycle stability and improved Coulombic
efficiency. The unique structure and synergistic effects of this composite are key to

achieving both high energy density and extended lifespan.

Background & Context

Lithium-sulfur batteries hold immense promise for applications in electric vehicles and
large-scale stationary energy storage systems, owing to their theoretically very high
energy density of 2500 Wh/kg. However, commercialization has been hampered by
significant challenges, including the low electrical conductivity of sulfur, volume changes
during charge/discharge cycles, and most critically, rapid capacity degradation due to the
polysulfide shuttle effect. Developing high-performance sulfur host materials that can
mitigate these issues has been a decisive factor for breakthroughs in Li-S battery
technology. This research represents a crucial advancement towards overcoming these

challenges, accelerating the practical implementation of Li-S batteries.



Strategic Significance & Outlook

The success of the ZrB2/MXene composite marks a significant step towards the
practical commercialization of lithium-sulfur batteries. Future efforts will focus on further
improving the scalability and cost-efficiency of the material synthesis process, as well as
validating performance in practical battery cell configurations. If commercialized, this
technology could revolutionize clean energy technologies by significantly extending the
range of electric vehicles and enhancing the efficiency of renewable energy storage.
Researchers and investors are keenly anticipating the transformative impact this type of

breakthrough could have on the Li-S battery market.

Source: https://www.gncl.cn/EN/10.3969/j.issn.1001-9731.2026.08.012
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#08 Vertically Aligned MXene-ZnNi2S4-ZnNi204
Nanoflake Ensemble Achieves 329.1 F/g Capacitance
for Multifunctional Energy Storage Cathode

Published September 08, 2026 Nanoscale | The Royal Society of Chemistry UK

| OVERVIEW

Researchers developed a vertically aligned MXene-ZnNi2S4-ZnNi204 nanoflake
ensemble, successfully demonstrating its potential as a versatile cathode for
multivalent metal ion storage. This innovative electrode exhibited a maximum specific
capacitance of 329.1 F/g in an ammonium-ion supercapacitor. Furthermore, it
delivered specific capacities of 139.6 mAh/g in a Zn||MZNS cell and 244 mAh/g in an
Al||[MZNS configuration, with the latter maintaining 90% capacity retention after 769

cycles, paving the way for next-generation high-performance energy storage devices.



| IN DEPTH

Key Findings

Researchers have developed and demonstrated a vertically aligned MXene-ZnNi2S4-
ZnNi204 nanoflake ensemble as a single, multifunctional cathode material applicable to
multivalent metal ion storage. This innovative electrode achieved an impressive
maximum specific capacitance of 329.1 F/g in an ammonium-ion supercapacitor.
Moreover, it delivered specific capacities of 139.6 mAh/g in a Zn||MZNS cell and 244
mAh/g in an Al||[MZNS configuration, with the latter exhibiting excellent performance by

maintaining 90% capacity retention after 769 cycles.

Technical / Clinical Details

The developed MXene-ZnNi2S4-ZnNi204 nanoflake ensemble combines the excellent
conductivity of MXene with the distinct structural and electrochemical properties of
ZnNi2S4 and ZnNi204. Its vertically aligned architecture significantly shortens ion
transport pathways and maximizes the effective surface area, enabling fast charge-
discharge reactions and high energy density. The layered structure of MXene facilitates
smooth insertion/extraction of multivalent metal ions while simultaneously improving the
mechanical stability of the electrode. The sulfide and oxide hybrid provides abundant
active sites and superior catalytic activity, achieving both high storage capacity for
various ion species and stable cycling performance. The long-term cycle stability,
particularly in the Al||[MZNS configuration, represents a significant advantage for

practical application.

Background & Context

Modern society demands high-performance energy storage devices for various
applications, including portable electronics, electric vehicles, and renewable energy
grids. While conventional lithium-ion batteries are widely used, they face challenges
related to lithium resource constraints, safety concerns, and cost. Consequently, there is
intense research activity on next-generation batteries and supercapacitors based on
more abundant and inexpensive multivalent metal ions such as sodium, zinc, aluminum,
and ammonium. MXene-based materials, due to their excellent electrochemical
properties, are particularly noteworthy in these fields, and the development of
multifunctional cathode materials is key to accelerating the practical realization of these

alternative energy storage technologies.



Strategic Significance & Outlook

This MXene-ZnNi2S4-ZnNi204 nanoflake ensemble holds great promise for various
energy storage applications, including ammonium-ion supercapacitors and multivalent
metal-ion batteries, owing to its high performance and stability. Future research will
focus on scaling up the material production, optimizing manufacturing costs, and
integrating it into practical device designs. This type of innovative material development
is expected to contribute to more efficient and sustainable energy storage solutions,

bringing new business opportunities to related industries.

Source: https://pubs.rsc.org/nr/article/doi/10.1039/D6NR02054B/1299049/Single-cathode-material-for-

multifunctional-energy
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| OVERVIEW
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The U.S. Department of Energy has selected multiple projects under its FOA 2620

Carbon Ore Processing program to develop coal-derived graphene materials.

Tennessee Technological University will optimize spray deposition of graphene-

copper nanocomposites for advanced conductors. The University of Wyoming plans

to process sub-bituminous coal into graphene oxide for sodium-ion battery anodes

and concrete additives. Ohio University aims to develop cost-effective carbon metal

composites with nano-graphite/graphene for electric motors, advancing domestic

high-value material production.



| IN DEPTH

Key Findings

The U.S. Department of Energy has announced the selection of several innovative
projects under its FOA 2620 Carbon Ore Processing program, aimed at supporting the
development of graphene and graphene-related materials derived from coal. These
projects seek to transform abundant domestic coal resources into high-value products
for diverse applications, including advanced conductors, next-generation batteries, and

high-performance electric motors.

Technical / Clinical Details

» Tennessee Technological University: Will focus on optimizing the spray deposition
of coal-derived graphene-copper nanocomposites for advanced conductors. This
technology is expected to produce composite materials with superior electrical

conductivity, suitable for high-performance wiring and electronic components.

o University of Wyoming: Plans to process sub-bituminous coal into graphene oxide
(GO) and reduced graphene oxide (rGO). These materials are being explored for use
as anode materials in next-generation sodium-ion batteries and as additives to

enhance the strength and durability of concrete.

¢ Ohio University: Aims to develop cost-effective carbon metal composites by
combining coal-derived nano-graphite/graphene with metals. This composite material
is targeted for applications in lightweight and highly efficient electric motors,

potentially improving energy conversion efficiency.

These projects are designed to re-evaluate coal not just as a fuel source but as a raw

material for high-functional materials, thereby increasing its economic value.



Background & Context

In the U.S., the coal industry is actively seeking new utilization methods due to structural
changes and stricter environmental regulations. Carbon Ore Processing (COP) involves
technologies to extract valuable rare earth elements, critical minerals, and carbon-based
advanced materials from coal, representing a crucial strategy for diversifying and
ensuring the sustainability of the coal industry. Graphene, with its extraordinary
properties, is expected to offer innovative solutions across electrical and electronic,
energy storage, and composite materials sectors. Government funding initiatives like
these are essential for accelerating the transition from basic research to applied

development and strengthening domestic technological competitiveness.

Strategic Significance & Outlook

The success of these selected projects is anticipated to open new markets for coal-
derived graphene materials and contribute to strengthening the energy and materials
supply chains within the United States. Particularly with the acceleration of electric
vehicle and renewable energy technologies, demand for high-performance and cost-
effective materials is continually increasing. These research and development efforts are
expected to stimulate job creation and economic growth while also contributing to the
establishment of sustainable resource utilization models. The progression of research
outcomes from these universities towards practical applications and industrial

deployment will be closely watched.

Source: https://www.energy.gov/hgeo/project-selections-foa-2620-carbon-ore-processing
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#10 HydroGraph Opens Texas Headquarters,
Establishing 30-Ton Annual Graphene Production
Capacity with Hyperion Reactor™ Technology

Published September 09, 2026 PCI Magazine USA
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| OVERVIEW

HydroGraph Clean Power Inc. has opened its new Texas headquarters, serving as a
graphene development and manufacturing hub with an initial production capacity of
30 tons of pristine graphene per year. The company is also developing a commercial-
scale manufacturing facility in Bellville, Texas, projected to commence operations in
2027 with a phase-one capacity of 360 tons annually, leveraging its proprietary
Hyperion Reactor™ detonation synthesis technology. This expansion marks
HydroGraph's strategic advancement towards mass production of graphene

technology.



| IN DEPTH

Key Findings

HydroGraph Clean Power Inc. has established its new headquarters in Texas as part of
a strategic expansion for large-scale graphene production. This new facility will function
as a development and manufacturing hub for pristine graphene, boasting an initial
production capacity of 30 tons per year. Furthermore, the company is actively
constructing a commercial-scale manufacturing facility in Bellville, Texas, which is
anticipated to begin operations in 2027 with a phase-one capacity of 360 tons annually,

utilizing its proprietary Hyperion Reactor™ detonation synthesis technology.

Technical / Clinical Details

HydroGraph's core strength lies in its internally developed Hyperion Reactor™
technology. This technology employs a detonation synthesis method to efficiently
produce high-purity, defect-free "pristine graphene." Compared to conventional
graphene manufacturing methods, this approach is cleaner, more energy-efficient, and
capable of reducing production costs. The new Texas headquarters will manage
research and development alongside initial production, meeting market demands with its
30-ton annual capacity. The commercial production facility under construction in Bellville
will further scale up this technology, achieving a substantial increase to 360 tons per
year, thereby establishing the capability to meet extensive graphene demand from

various industrial sectors.

Background & Context

Graphene, with its exceptional electrical conductivity, strength, and lightweight
properties, is anticipated as a "wonder material," but balancing quality and scalability has
been a long-standing challenge. The establishment of large-scale, high-purity graphene
production capacity by companies like HydroGraph represents a critical step in
overcoming this challenge, paving the way for graphene's widespread adoption in key
industries such as electronics, energy storage, composites, and healthcare. Particularly
in today's world, where sustainability and high performance are crucial, graphene offers

innovative solutions and has the potential to create new markets.



Strategic Significance & Outlook

The opening of the Texas headquarters and the ongoing construction of the commercial
production facility in Bellville demonstrate HydroGraph Clean Power Inc.'s strong
commitment to establishing leadership in the graphene market. The commencement of
commercial production in 2027 will not only be a significant milestone for the company's
revenue growth but also a driving factor for the entire graphene industry's expansion.
Once this scalable production technology is established, the application areas for
graphene are expected to broaden further, contributing to enhanced product
performance and cost reduction across numerous industries. Investors and industrial
partners are keenly observing the business opportunities presented by this advanced

manufacturing capability.

Source: https://www.pcimag.com/articles/115144-hydrograph-opens-texas-headquarters-as-graphene-

scale-up-advances
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#11 Avadain's LTDF Graphene to Revolutionize

Industrial 3D Printing, Enabling 20-40% Weight
Reduction in Aerospace

Published September 06, 2026 EIN Presswire USA

| OVERVIEW

Avadain announced that its Large, Thin, and Defect-Free (LTDF) graphene will
significantly enhance industrial 3D printing across aerospace, automotive, and
healthcare sectors. By incorporating LTDF graphene into metal powders and polymer
filaments, manufacturers can achieve 20-40% weight reduction and improved
strength in aerospace applications. This technology also promises better thermal
management for automotive batteries and antimicrobial properties for healthcare

devices, poised to have a substantial impact on overall manufacturing.



| IN DEPTH

Key Findings

Avadain has announced that its Large, Thin, and Defect-Free (LTDF) graphene is set to
revolutionize industrial 3D printing, significantly enhancing applications across key
sectors such as aerospace, automotive, and healthcare. The integration of this high-
quality graphene into manufacturing processes is expected to yield groundbreaking

improvements in both performance and cost efficiency.

Technical / Clinical Details

Avadain's LTDF graphene is produced via a proprietary manufacturing process that
yields larger area, thinner layers, and significantly fewer defects compared to
conventional graphene. When compounded into metal powders and polymer filaments
for 3D printing, the properties of the final products are dramatically improved. For
instance, in the aerospace industry, it becomes possible to reduce the mass of structural
components by 20-40% while simultaneously increasing strength, contributing to
improved fuel efficiency and increased payload capacity. In the automotive sector, it
enhances the thermal management capabilities of EV batteries, extending their
performance and lifespan. For healthcare, it imparts antimicrobial properties to medical
devices, helping to reduce infection risks. LTDF graphene offers versatility, improving a
wide range of characteristics including mechanical strength, thermal and electrical

conductivity, and even antimicrobial resistance.

Background & Context

Industrial 3D printing is expanding its application from prototyping to final product
manufacturing, but its performance has been constrained by the limitations of available
materials. The pursuit of lightweight, high-strength, and specific functional properties
remains a constant challenge in high-performance industries like aerospace, automotive,
and medical. Graphene, with its extraordinary properties, has been anticipated as an
ideal additive to overcome these challenges, but the mass production of high-quality
graphene and its uniform integration into composites have been bottlenecks. Avadain's
LTDF graphene addresses this bottleneck, spearheading the next evolution in 3D

printing materials.



Strategic Significance & Outlook

Widespread adoption of Avadain's LTDF graphene technology in industrial 3D printing is
expected to bring about a significant transformation across the manufacturing sector. It
will enhance design freedom, enabling the on-demand production of more complex,
lightweight, and high-performance components. This will shorten product development
cycles, streamline supply chains, and foster the creation of new business models.
Researchers and investors are highly optimistic about the role this technology will play in
reducing manufacturing costs, improving product performance, and realizing sustainable

manufacturing processes.

Source: https://avadaingraphene.com/engineering-breakthroughs-avadains-Itdf-graphene-will-enhance-

industrial-3d-printing/
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#12 University of Vienna Team Achieves Atomic-Scale
Nanopore Shaping in Hexagonal Boron Nitride,
Controlling Circular and Triangular Geometries for
Advanced Applications

Published Published September 10, 2026  University of Vienna, Scientific Frontine A—X KU
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| OVERVIEW

Researchers at the University of Vienna have achieved unprecedented atomic-level
control over nanopore geometries within hexagonal boron nitride (hBN), or 'white
graphene.' By precisely manipulating electron irradiation and ambient gas
environments, they demonstrated the ability to sculpt circular pores in ultra-high
vacuum and triangular pores with the introduction of oxygen. This breakthrough
significantly expands hBN's functional capabilities, paving the way for advanced
applications in molecular filtration, DNA sequencing, catalysis, and quantum
technologies.



| IN DEPTH

Background

Hexagonal boron nitride (hBN), often dubbed 'white graphene,' is a two-dimensional
layered material akin to graphene. However, unlike graphene's semimetallic properties,
hBN is a wide bandgap insulator, making it invaluable for next-generation electronics,
sensors, and quantum devices due to its exceptional mechanical strength, thermal
conductivity, and chemical stability. Nanopore technology itself is a frontier field, enabling
molecular separation and detection at the nanoscale and serving as a fundamental
building block for quantum information processing. Achieving precise atomic-level control
over nanopore shapes is paramount for significantly enhancing performance and

efficiency in these diverse application domains.

Key Findings

A team at the University of Vienna has achieved unprecedented atomic-level control
over the geometry of nanopores within hexagonal boron nitride (hBN). Employing a
finely tuned scanning transmission electron microscope (STEM) electron beam in an
ultra-high vacuum (UHV) environment, the researchers precisely removed individual
atoms from a monolayer hBN film. This electron irradiation alone yielded clean, circular
nanopores. Critically, the controlled introduction of a minute amount of oxygen gas
during the irradiation process led to a striking transformation, converting the pores from
circular to triangular. This remarkable shape engineering is attributed to oxygen atoms
preferentially binding to specific lattice sites in the hBN, thereby guiding the subsequent

atomic removal pathways.



This 'tailor-made' atomic-scale control over nanopore geometry marks a significant
advance. It paves the way for new functionalities and enhanced selectivity in
applications such as high-performance molecular sieves, advanced nanopore
sequencers for DNA and RNA, and novel quantum dots or catalysts. This breakthrough
not only elevates hBN nanopore technology but also promises to accelerate commercial
nanotechnology applications, with profound implications for ultra-efficient water
purification, ultrafast DNA sequencing, and entirely new classes of quantum sensors and
catalytic materials, contributing to solutions for global challenges in environmental

sustainability, medical diagnostics, and information processing.

Source: https://www.eurekalert.org/news-releases/1143425
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#13 Georgia Tech and Tianjin University Develop
World's First Functional Graphene Semiconductor with
10x Silicon's Electron Mobility, Compatible with
Existing Chip Infrastructure

Published September 10, 2026  Iron Circuit (YouTube) USA. China

| OVERVIEW

Researchers from Georgia Tech and Tianjin University have developed the world's
first functional graphene semiconductor, achieving electron mobility ten times higher
than silicon. Published in Nature (January 2024), this breakthrough involves growing
epitaxial graphene directly on silicon carbide wafers, creating a naturally
semiconducting structure compatible with existing chip manufacturing infrastructure.
This innovation promises radical improvements in computing performance, potentially

making current GPUs obsolete.



| IN DEPTH

Key Findings

A joint research team from Georgia Tech and Tianjin University has reportedly developed
the world's first functional graphene semiconductor. This breakthrough, published in
Nature (January 2024), achieves an electron mobility ten times higher than that of
silicon. Crucially, this graphene semiconductor exhibits high compatibility with existing
chip manufacturing infrastructure, paving the way for next-generation high-performance

processors.

Technical / Clinical Details

The manufacturing process for this graphene semiconductor involves directly growing
epitaxial graphene on silicon carbide (SiC) wafers. Epitaxial growth enables the
formation of a high-quality graphene layer, precisely controlled at the atomic level, which
successfully imparts intrinsic semiconducting properties to graphene, a material typically
semimetallic. Graphene's single-atom thickness, high electron mobility, and excellent
thermal conductivity are key to overcoming the physical limitations faced by silicon-
based devices. Specifically, electron mobility being ten times that of silicon has the
potential to dramatically enhance transistor switching speeds and efficiency, thereby
exponentially boosting the performance of computationally intensive applications like Al

accelerators and GPUs.

Background & Context

The semiconductor industry is grappling with the deceleration of Moore's Law and
performance limitations imposed by heat generation. Silicon technology has
underpinned information technology for decades, but its physical limits are becoming
apparent, accelerating the search for new materials. Graphene, due to its exceptional
electrical properties, has been considered one of the most promising candidates for
next-generation semiconductor materials. However, introducing a stable bandgap into
graphene and enabling it to function as a transistor has been a long-standing research
challenge. This breakthrough overcomes this challenge, demonstrating graphene's
potential to either replace silicon or coexist with it to shape the future of high-

performance computing.



Strategic Significance & Outlook

The development of this world's first functional graphene semiconductor holds the
potential to revolutionize computing technology. Its compatibility with existing
semiconductor manufacturing processes suggests a relatively rapid industrial adoption.
Researchers will now focus on optimizing the manufacturing process for larger wafers,
improving device reliability, and integrating it into actual circuit designs. This technology
is noted for its potential to render existing GPU products from vendors like NVIDIA
"obsolete," and is expected to dramatically enhance data processing capabilities across
Al, supercomputing, mobile devices, and other fields, thereby accelerating new

innovations.

Source: https://m.youtube.com/watch?v=8CG2QiRPQSA
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#14 CMOS-Compatible GFET Manufacturing Process
Optimized on 200 mm Wafers, Achieving 97% Device
Yield for Industrial Advancement

Published Published September 09, 2026 ACS Publications

| OVERVIEW

A research collaboration, notably involving Imec, has optimized the manufacturing
and analysis processes for CMOS-compatible graphene field-effect transistors
(GFETs) on 200mm wafers, a critical milestone for industrial adoption. The new
process achieved an impressive 97% device yield, alongside excellent doping
uniformity, low contact resistance, and high carrier mobility. This breakthrough
addresses key integration challenges, accelerating the path for 2D material-based

devices into next-generation electronics.



| IN DEPTH

Background

The semiconductor industry is actively confronting the limitations of Moore's Law,
increasingly looking to next-generation devices based on 2D materials like graphene to
address persistent challenges in performance enhancement and energy efficiency.
However, a major long-standing hurdle has been the seamless integration of these novel
materials into existing CMOS manufacturing processes for high-volume, high-quality
production. Historically, critical bottlenecks for industrialization included controlling
material defects, achieving uniform doping, and ensuring reproducibility at the wafer
level. This groundbreaking research significantly resolves many of these key
bottlenecks, transforming the potential for 2D materials to drive the future of the

electronics industry into a tangible reality.

Key Findings

Researchers have successfully optimized both the manufacturing and analysis
processes for CMOS-compatible graphene field-effect transistors (GFETs) on 200 mm
wafers. This represents a significant stride towards industrial application within a pilot-
line environment. The optimized process demonstrates an exceptionally high device
yield of 97%, complemented by excellent doping uniformity, low contact resistance, and

high carrier mobility.

Technical Details

The study encompassed innovative optimization across multiple crucial steps of GFET
manufacturing. This included advancements in graphene layer transfer techniques, gate
dielectric formation, electrode bonding, and patterning processes. The ability to
manufacture GFETs on relatively large 200mm wafers is particularly significant, as it
demonstrates high compatibility with existing semiconductor fabrication lines, thereby
substantially reducing the barriers to mass production. The achieved 97% device yield is
critically important for ensuring the cost-efficiency and reliability required for commercial
production. Moreover, the excellent doping uniformity guarantees consistent device
performance, while the demonstrated low contact resistance and high mobility strongly
suggest that GFETs possess the potential to outperform traditional silicon-based devices

in demanding high-frequency, high-speed, and low-power consumption applications.



Strategic Significance & Outlook

The successful optimization of GFET manufacturing processes on 200mm wafers
establishes a robust foundation for the widespread adoption of graphene-based devices
across a broad spectrum of applications. These include critical sectors such as IoT,
5G/6G communications, artificial intelligence, and high-performance computing. Further
advancements in this technology, particularly its expansion to larger 300mm wafers,
could position graphene devices to complement or even partially replace silicon
technology, thereby unlocking significant new growth opportunities for the electronics
industry. Both investors and semiconductor manufacturers are keenly observing the
long-term impact and considerable commercial value that this breakthrough is poised to

deliver.

Source: https://pubs.acs.org/ancac3/article/doi/10.1021/acsnano.6c03282/5427152/Graphene-Field-

Effect-Transistor-Process-and
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#15 Graphene Flagship's 2D Pilot Line Develops
Graphene PICs on 200mm Wafers, Demonstrating
Scalability for Industrial Photonics Adoption

Published September 20, 2026  Graphene Flagship EU

| OVERVIEW

The Graphene Flagship's 2D Pilot Line (2D-PL) has successfully fabricated graphene
photonic integrated circuits (PICs) on 200mm wafers, advancing graphene-based
photonics towards industrial adoption. These PICs contain approximately 48,500
optical and electrical test structures, demonstrating the crucial scalability of 2D
material technology from laboratory to large-scale manufacturing. This achievement
holds significant potential to transform the future of optical communications, sensing,

and other high-speed, low-power devices.



| IN DEPTH

Key Findings

The Graphene Flagship's 2D Pilot Line (2D-PL) project has achieved significant
progress towards the industrial application of graphene-based photonics technology,
successfully manufacturing graphene photonic integrated circuits (PICs) on 200mm
wafers. These PICs integrate approximately 48,500 optical and electrical test structures,
unequivocally demonstrating the capability to scale up two-dimensional material

technology from laboratory-level research to large-scale commercial production.

Technical / Clinical Details

Graphene photonic integrated circuits (PICs) are devices that integrate the functions of
generating, modulating, detecting, and routing optical signals onto a single chip, with
graphene at their core. Graphene is an ideal material for ultra-fast modulation of optical
signals and broadband communications due to its high electron mobility, broad
absorption spectrum, and tunability of its electro-optical effect. The 2D-PL project's
success in manufacturing PICs on 200mm wafers, a standard size in the existing
semiconductor industry, ensures compatibility with current infrastructure and clearly
outlines the path to mass production. The integration of 48,500 test structures suggests
high manufacturing yield and design flexibility, enhancing the feasibility of complex

optical circuits.

Background & Context

Optical communication technology is essential for processing the explosively growing
data traffic driven by the proliferation of data centers, 5G/6G networks, and loT devices.
However, current optoelectronic devices face limitations in terms of power consumption,
speed, and integration density. Graphene-based photonics is gaining attention as a next-
generation technology with the potential to overcome these challenges, enabling faster,
lower-power, and higher-density optical devices. Large-scale EU research initiatives like
the Graphene Flagship aim to bridge the gap between fundamental research and

industrial application, thereby strengthening Europe's technological competitiveness.



Strategic Significance & Outlook

The successful development of graphene PICs on 200mm wafers by the 2D Pilot Line
holds the potential to revolutionize diverse fields, including optical communications,
sensors, medical diagnostics, and even quantum computing. Researchers will now focus
on designing more sophisticated PICs, further optimizing manufacturing processes, and
integrating these into practical systems. Once this scalability is established, graphene-
based optoelectronic devices are expected to become foundational components of
future digital infrastructure, accelerating the further development of the information
society. Investors and industry stakeholders are showing significant interest in the

advancements in this field.

Source: https://graphene-flagship.eu/events/2d-pl-ecoc-2026/
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#16 Nanoimprint Lithography Poised to Break

Manufacturing Barriers in Nano-Optics, Highlighted at
CIOE 2026

Published September 10, 2026  CIOE (China International Optoelectronic Expo) China

| OVERVIEW

The 2026 "Nanoimprint Manufacturing Technology Forum" at CIOE will spotlight
Nanoimprint Lithography (NIL) as a groundbreaking technique for nano-optics,
offering high resolution, low cost, and high throughput. NIL is positioned to overcome
the physical limits of traditional exposure technologies in specialized processes like
memory chips, AR/VR waveguides, and advanced packaging. The forum will focus on
advancing template technology, novel imprint materials and processes, and defect

control solutions to push the boundaries of industrial applications.



| IN DEPTH

Key Findings

At the "Nanoimprint Manufacturing Technology Forum" held during CIOE 2026 on
September 10, Nanoimprint Lithography (NIL) was extensively discussed as a
transformative technology for nano-optics, distinguished by its high resolution, low cost,
and high throughput. This technology is particularly highlighted for its potential to
surpass the physical limitations of conventional exposure techniques in critical
applications such as memory chips, AR/VR (Augmented Reality/Virtual Reality)

waveguides, and advanced packaging.

Technical and Clinical Details

Nanoimprint Lithography involves transferring nanoscale patterns by pressing a master
template onto a substrate. This method offers a streamlined process for creating high-
precision patterns, avoiding the complex multi-step procedures and expensive light
sources typically associated with photolithography. The forum delved into several key

technical aspects:

¢ Advances in Template Technology: New research on improving the precision and
durability of templates, which are crucial for NIL performance, was presented. These

advancements promise the mass production of more intricate nanostructures.

* Novel Imprint Materials and Processes: Discussions covered the development of
new resist materials and imprint processes designed to achieve high transfer fidelity
and enhanced productivity. Specific attention was given to techniques that can

reduce defect rates and lower manufacturing costs.

o Defect Control Solutions: Given that nanoscale defects directly impact product
yield, innovative approaches for their detection, analysis, and remediation were
showcased. These solutions are expected to significantly boost NIL's applicability in

industrial settings.



Background & Industry Context

The increasing demand for miniaturized and high-performance electronic devices has
amplified the importance of nanoscale patterning technologies. Traditional
photolithography is nearing its physical limits, encountering new challenges in terms of
cost and throughput. NIL emerges as a compelling solution to these issues, with
anticipated applications not only in semiconductor manufacturing but also in micro- and
nano-optics, biosensors, and medical devices. The proliferation of AR/VR devices, in
particular, drives a growing need for lightweight, high-resolution waveguides, making NIL

an indispensable technology for their fabrication.

Strategic Significance & Outlook

The forum serves as a vital platform for sharing the latest trends in NIL technology and
fostering collaboration between academia and industry. Researchers, engineers, and
investors attending gained a deeper understanding of NIL's transformative potential for
industrial applications and explored new business opportunities. Continuous innovation
in NIL is expected to accelerate the realization of next-generation high-performance

devices, further expanding nanotechnology's impact on society.

Source: https://conference.cioe.cn/en/2026namiyayin.html
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#17 Zymosense Secures $92,000 RuralSTAMINA Grant
to Accelerate Phytase Commercialization

Published September 08, 2026 PRWeb USA

| oveERVIEW

Zymosense, Inc. has been awarded a $92,000 commercialization grant through the
NSF RuralSTAMINA Biomanufacturing Engine. This funding will be used to further
advance the commercialization of its phytase enzyme. The grant marks a significant
step in supporting the market introduction of phytase and strengthening Zymosense's

position in the biotechnology sector.



| IN DEPTH

Key Findings

Zymosense, Inc. has announced the receipt of a $92,000 commercialization grant from
the National Science Foundation (NSF) through its RuralSTAMINA Biomanufacturing
Engine program. This significant financial boost is specifically earmarked to accelerate

the commercialization strategy for the company's advanced phytase enzyme.

Technical / Clinical Details

Phytase is an enzyme critical for breaking down phytate, an anti-nutritional factor found
in plant-based feedstuffs. In monogastric animals such as pigs and poultry, phytate binds
to phosphorus, making it largely unavailable for digestion and leading to environmental
pollution from excreted phosphorus. The addition of phytase to animal feed significantly
improves phosphorus utilization efficiency, reducing the need for inorganic phosphate
supplementation and mitigating environmental impact. Zymosense's phytase is
distinguished by its enhanced stability and activity across a broad range of feed
formulations. The grant funds are expected to support the optimization of manufacturing
processes, scale-up efforts, regulatory compliance, and the establishment of distribution
channels necessary for market entry. Nanotechnology principles are being explored to
further enhance the stability and delivery efficiency of such bio-products, potentially

unlocking even greater performance benefits for Zymosense’s phytase.

Background & Industry Context

The global animal agriculture industry faces pressing challenges related to sustainable
production and cost efficiency. Phytase, as a feed additive, is widely recognized as a key
solution to these challenges, with its market size experiencing consistent growth. The
NSF RuralSTAMINA program is designed to foster regional economic development and
support the commercialization of innovative biotechnologies. Zymosense's success in
securing this grant underscores the perceived market value and technical superiority of
its phytase technology. This development is particularly relevant in the context of
nanotechnology's growing role in enhancing the stability and delivery of enzyme-based

products, pushing the boundaries of what is possible in bio-manufacturing.



Strategic Significance & Outlook

This grant provides Zymosense with a crucial springboard to accelerate phytase
commercialization and bolster its competitive edge in the global market. The broader
adoption of Zymosense’s phytase in various livestock applications promises not only
economic benefits for the feed industry but also substantial environmental advantages
by promoting sustainable animal husbandry practices. Looking ahead, the company
aims to contribute to global food security and environmental conservation by providing

more efficient and cost-effective phytase products.

Source: https://www.prweb.com/releases/business-technology-latest-news/nanotechnology-list/
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#18 First Graphene Updates ASX with Securities
Listing Application and Director Interest Changes,
Signifying Ongoing Corporate Activity

Published September 08, 2026  First Graphene (ASX Announcements) Australia

| OVERVIEW

First Graphene Limited announced updates to its ASX share price and disclosures on
September 8, 2026, including a notice of change of director’s interest and a securities
listing application (FGR) dated September 7, 2026. These disclosures reflect the
company's continuous corporate activities and adherence to regulatory compliance
as an ASX-listed entity. Investors can assess the company's transparency and

commitment to governance through these announcements.



| IN DEPTH

Key Findings

First Graphene Limited has released crucial information regarding its corporate activities
through an update to its ASX (Australian Securities Exchange) share price and
announcements on September 8, 2026. Notably, the company disclosed a notice of
change of director’s interest and the latest information pertaining to its FGR (Application

for Quotation of Securities) as of September 7, 2026.

Technical / Clinical Details

This article focuses on corporate investor relations rather than direct technical or clinical
details. However, considering First Graphene's specialization in manufacturing and
applying advanced graphene materials, these corporate actions indirectly influence
future technological development and product commercialization. Changes in directors'
interests can signal management's commitment or strategic shifts, while a securities
listing application is a vital indicator that the company plans to raise capital to fund

research and development or expand production capacities.

Background & Industry Context

The graphene industry is projected for significant growth across diverse sectors,
including energy storage, composite materials, and electronics, owing to graphene's
revolutionary properties. First Graphene Limited is a key player, focusing on the
production of high-quality graphene products under the "PureGRAPH®" brand and
actively pursuing their commercialization. For companies in such emerging technology
fields, adequate funding and transparent corporate governance are indispensable for
achieving sustainable growth. Continuous disclosure to the ASX is a critical factor for

investors evaluating the company's health and growth strategy.



Strategic Significance & Outlook

These announcements underscore First Graphene's commitment to transparency and
proper information disclosure to its investors. The updates on corporate activities
suggest that the company is building a strong foundation to establish leadership in the
graphene market and capitalize on future growth opportunities. Investors and market
participants will continue to monitor the company's progress toward achieving

technological development milestones and commercialization targets.

Source: https://ffirstgraphene.net/investors/share-price-asx-announcements/
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#19 imec Achieves World-First 3.8 Million Junction/cm?
Density in NbTiN Superconducting Circuits with 30nm
Interconnects, Paving the Way for Next-Gen HPC/AI

Published Published September 07, 2026 imec ~NJL¥—

| OVERVIEW

Imec has announced a world-first 3-metal-level superconducting circuit featuring
NbTiN-based Josephson junctions and ultra-fine 30nm interconnects, achieving an
unprecedented density of 3.8 million junctions per square centimeter. This
groundbreaking advancement, unveiled at the 2026 Applied Superconductivity
Conference (ASC), represents a significant leap in superconducting technology,
strengthening the foundation for scalable high-performance computing (HPC) and

artificial intelligence (Al) applications.



| IN DEPTH

Background

Silicon-based computing, the backbone of modern technology, is increasingly
confronting fundamental limits imposed by Moore's Law, with escalating power
consumption and heat dissipation posing significant hurdles for continued performance
scaling. Superconducting computing is emerging as a critical next-generation paradigm
to overcome these challenges, offering the potential for near-zero power dissipation and
orders-of-magnitude improvements in energy efficiency. As a global leader in
nanoelectronics research, imec has aggressively pursued research into the scalability
and practical implementation of superconducting technologies. This latest achievement
directly addresses a critical bottleneck by dramatically enhancing the integration density
of superconducting circuits, bringing the vision of practical, high-performance

superconducting processors significantly closer to reality.

Key Findings

At the 2026 Applied Superconductivity Conference (ASC), imec announced a
groundbreaking advancement in superconducting nanotechnology: the successful
fabrication of the world's first 3-metal-level (3ML) superconducting circuit. This innovative
circuit integrates niobium titanium nitride (NbTiN)-based Josephson junctions with ultra-
fine 30-nanometer (nm) superconducting interconnects. This pioneering approach has
yielded an unprecedented circuit design density of 3.8 million Josephson junctions per
square centimeter (3.8M junctions/cm?), a substantial leap forward that significantly
surpasses previous benchmarks in superconducting circuit technology. This milestone is
crucial for realizing a truly scalable superconducting platform, essential for developing
future High-Performance Computing (HPC) and Artificial Intelligence (Al) applications

that demand extreme speed and energy efficiency.



Technical Details

This breakthrough dramatically enhances the technological feasibility of high-density
superconducting computing. Josephson junctions, fundamental components consisting
of two superconductors separated by a thin insulating or non-superconducting barrier,
are known for their extremely fast switching speeds and intrinsically ultra-low power
consumption. NbTiN offers distinct advantages over more conventional superconducting
materials like niobium, primarily due to its higher critical temperature (Tc) and superior
fabrication compatibility, particularly for integration with established semiconductor
(CMOS) manufacturing processes. The introduction of minuscule 30nm interconnect
widths drastically increases circuit integration density, enabling the construction of
significantly more complex and compact superconducting architectures. Furthermore,
the newly developed 3-metal-level (3ML) interconnect structure significantly expands
circuit design flexibility, maximizing on-chip data transfer speeds and overall

computational power.

o Circuit Design Density: The achieved 3.8M junctions/cm? density represents a
substantial leap beyond prior achievements in superconducting circuits,
demonstrating the capability to integrate an unprecedented number of Josephson

junctions within a compact footprint.

¢ 30nm Interconnects: This ultra-fine wiring technology is critical for minimizing signal
propagation delays and consequently boosting the operating frequency and overall

speed of future superconducting processors.

* NbTiN Material Adoption: NbTiN offers robust stability at cryogenic temperatures
and enhanced compatibility with existing semiconductor manufacturing processes,

laying a crucial foundation for scalable production of superconducting circuits.

This technology is expected to find applications in areas demanding extreme
performance, such as control circuits for quantum computing, ultra-fast data centers, and

energy-efficient Al accelerators.



Strategic Significance and Outlook

Imec's announcement marks a pivotal leap forward in the practical realization and
maturity of superconducting computing technology. The achieved high density of 3.8M
junctions/cm? and the advanced 30nm interconnect technology provide an indispensable
foundation for developing next-generation, high-performance superconducting qubit
control chips and terahertz-scale superconducting logic circuits. This breakthrough
unlocks possibilities for achieving unprecedented levels of performance and energy
efficiency in future High-Performance Computing (HPC) systems and Atrtificial
Intelligence (Al) processing units—levels currently unattainable with conventional
semiconductor technologies. Future efforts will concentrate on further increasing
integration density, refining manufacturing processes for yield and scalability, and
exploring integration with other advanced device technologies. These steps aim to make
the widespread adoption of superconducting computing in critical applications such as
ultra-fast data centers and cutting-edge research institutions a more tangible and

imminent prospect.

Source: https://www.imec-int.com/en/press/imec-advances-scalable-superconducting-technology-world-

first-nbtin-circuits-and-30nm
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#20 Novel Aramid Nanofiber Aero-gel Achieves Ultra-
Low Thermal Conductivity of 25.17 mW m™ K" and
Extreme Temperature Durability (-196°C to 400°C),
Revolutionizing Harsh Environment Insulation

Published September 10, 2026  Materials Horizons | The Royal Society of Chemistry UK

AT

| OVERVIEW

A novel aramid nanofiber aero-gel (SN aero-gel) with an ultra-low thermal
conductivity of 25.17 mW m™ K has been developed using an ion-confined ice
template method. This breakthrough material demonstrates exceptional mechanical
elasticity, fire resistance, and recyclability, withstanding 80% compressive strain
across an extreme temperature range from -196°C to 400°C. SN aero-gel promises
to revolutionize high-efficiency insulation for harsh environments like aerospace,

deep-sea exploration, and industrial high-temperature furnaces, where conventional
materials fall short.



| IN DEPTH

Key Findings

Through an innovative manufacturing technique known as the "ion-confined ice template
method," an advanced aramid nanofiber aero-gel (SN aero-gel) has been developed,
characterized by ultra-high porosity, exceptionally high specific surface area, and a
remarkably low thermal conductivity of 25.17 mW m™ K. This groundbreaking material
demonstrates superior mechanical elasticity, capable of enduring 80% compressive
strain over an extremely broad temperature range, from -196°C to 400°C. Furthermore,
it possesses excellent fire resistance and recyclability, opening new avenues for the

design and application of high-efficiency insulation materials in severe environments.

Technical / Clinical Details

The development of SN aero-gel addresses long-standing challenges associated with
traditional aero-gels, such as mechanical fragility and complex manufacturing processes.
The ion-confined ice template method enables the uniform dispersion of aramid
nanofibers and the formation of a dense, hierarchical porous structure. This unique
microstructure is key to the SN aero-gel's extraordinary insulation performance and

mechanical robustness.

o Ultra-Low Thermal Conductivity: A value of 25.17 mW m™ K surpasses many
commercially available high-performance insulation materials, minimizing heat loss to

an unprecedented degree and directly contributing to improved energy efficiency.

+ Broad Temperature Stability: Its resilience to temperatures ranging from -196°C
(liquid nitrogen temperature) to 400°C allows for applications in extreme thermal
conditions, including cryogenic propulsion systems in aerospace, industrial high-

temperature furnaces, and nuclear facilities.

+ Exceptional Mechanical Elasticity: The ability to retain its shape after 80%
compressive strain enables its use in applications requiring resistance to impact and

vibration, overcoming the brittleness limitation of conventional aero-gels.

» Fire Resistance and Recyclability: Fire resistance, crucial for applications with
strict safety standards, coupled with recyclability for reduced environmental impact,

significantly enhances the SN aero-gel’s practicality.



These combined properties position SN aero-gel for a wide range of advanced
applications, such as spacecraft insulation, thermal barriers for deep-sea exploration
vessels, lightweight structures for next-generation aircraft, and energy-saving solutions

for industrial equipment.

Background & Industry Context

High-performance insulation materials are indispensable for enhancing energy
efficiency, ensuring safety, and enabling new technological advancements. The demand
for materials that function in extreme environments is rapidly increasing across sectors
like space exploration, renewable energy storage, advanced batteries, and next-
generation transportation. Traditional insulation materials often specialize in either high
or low temperatures, or struggle with mechanical properties and fire resistance, making
a single material capable of handling a broad spectrum of harsh conditions rare. The
development of SN aero-gel directly addresses these unmet needs and serves as an

excellent example of the innovation nanotechnology brings to materials science.

Strategic Significance & Outlook

The development of SN aero-gel has the potential to redefine the performance
benchmarks for insulation materials. Its multifunctional capabilities will empower
designers to develop safer and more energy-efficient systems, unconstrained by
previous material limitations. While further optimization in production scalability and cost-
efficiency is needed for widespread market adoption, its unique set of properties will
accelerate its integration into critical, niche applications where conventional materials
have proven inadequate. This clearly demonstrates the pivotal role nanomaterials play in

shaping the future of energy management and extreme environment engineering.

Source: https://pubs.rsc.org/mh/article/doi/10.1039/d6mh01344a/1300145/lon-confined-ice-template-

driven-advanced-aramid
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#21 Allegro's Nanotechnology Therapeutic,
Hydrocelin, Achieves Statistically Significant
Improvement in Knee Osteoarthritis Pain and Function
Over Six Months in Clinical Trials

Published September 09, 2026 GlobeNewswire  Unknown

| OVERVIEW

Allegro NV announced statistically significant improvements in pain and function
lasting six months from an ongoing clinical trial for Hydrocelin, a nanotechnology-
based treatment for knee osteoarthritis. This single-dose, nanotechnology-based
injectable demonstrated a favorable safety profile and is designed to restore the
shock-absorbing properties of the joint. The results suggest a promising new
therapeutic option that could significantly improve patient quality of life and potentially

slow disease progression.



| IN DEPTH

Key Findings

Allegro NV has announced that its nanotechnology-based therapeutic, Hydrocelin,
demonstrated statistically significant improvements in both pain and function over a six-
month period following a single injection in an ongoing clinical trial for knee osteoarthritis
(knee OA). This achievement represents a potential paradigm shift in the treatment of
knee osteoarthritis, offering a less invasive option with the promise of long-lasting

effects.

Technical / Clinical Details

Hydrocelin is an injectable therapeutic developed utilizing nanotechnology principles,
designed to directly address the pathology of knee osteoarthritis caused by cartilage
damage and degeneration. The mechanism of action involves improving the synovial
fluid environment within the joint and aiming to restore the shock-absorbing properties of
damaged cartilage tissue. In the clinical trial, primary endpoints included reductions in
pain scores and improvements in physical function. The results consistently showed
statistically significant improvements maintained over six months, directly translating to
an enhanced quality of life for patients. Furthermore, the safety profile was favorable,
with no serious adverse events reported. Unlike conventional treatments, which often
provide temporary symptomatic relief or involve invasive surgeries, Hydrocelin's ability to
deliver sustained benefits from a single dose offers substantial advantages in terms of
reduced patient burden and treatment durability. The nanotechnology aspect is crucial,
as it is expected to prolong the retention time of the drug within the joint, ensuring more

effective action.



Background & Industry Context

Knee osteoarthritis is a prevalent condition in an aging global population, causing
chronic pain and functional disability for millions. There is an urgent need for effective
therapeutic developments worldwide, particularly for less invasive options that offer long-
term benefits. Existing non-surgical treatments, such as hyaluronic acid injections and
corticosteroid injections, often provide only temporary relief or carry specific risks of side
effects. Nanotechnology-leveraged therapeutics like Hydrocelin are designed to address
these challenges by targeting the underlying mechanisms of the disease, thereby
offering the potential for more sustained therapeutic outcomes. Allegro NV's success in
this area marks a new frontier in nano-medicine for knee osteoarthritis treatment,

generating considerable excitement for its future market potential.

Strategic Significance & Outlook

The positive clinical trial results for Hydrocelin are expected to significantly enhance
Allegro NV's presence in the knee osteoarthritis treatment market. The company is
anticipated to proceed with further large-scale clinical trials and regulatory submissions.
If approved, Hydrocelin could become a revolutionary therapy for millions of knee OA
patients, markedly improving their quality of life. This represents a prime example of how
advances in nanotechnology are bringing new hope to the management of diseases that
were previously difficult to treat with conventional methods, ensuring increased attention

from the medical industry.

Source: https://vertexaisearch.cloud.google.com/grounding-api-

redirect/ AUZIYQGiqwmX_fFJESIJmdW6__ ZCsAB61w10IplWksuZemSakJtsBTE3GNwjGfO0YhN3QpWXdEfoq3T
DT8LW50DiJpRNwJUyOMI2bP5pG3LW3yZJNFsEqVzhMpP5D0OHQI6-Hp5-
kMVK8NOBOtBqSQxO0ruurtlpZnxg2pcGymEZEhseh0c90=
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#22 Mayo Clinic and NaNotics Demonstrate NaNots
Nanoparticles Restore Anti-Tumor Immunity and
Significantly Delay Tumor Growth in Triple-Negative
Breast Cancer

Published September 09, 2026 Business Wire USA

| OVERVIEW

A peer-reviewed study by Mayo Clinic and NaNotics LLC demonstrated a novel
nanotechnology approach in cancer immunotherapy using "NaNots" nanoparticles.
These engineered adsorptive nanoparticles selectively deplete soluble proteins
secreted by tumors that enable immune suppression and tumor growth. In a mouse
model of triple-negative breast cancer, NaNots successfully restored anti-tumor
immunity and significantly delayed tumor proliferation, offering a promising new

strategy for hard-to-treat cancers.



| IN DEPTH

Key Findings

In a recent peer-reviewed study conducted collaboratively by Mayo Clinic and NaNotics
LLC, an innovative nanotechnology approach to cancer immunotherapy, dubbed
"NaNots," has been shown to exert significant anti-tumor effects in a mouse model of
triple-negative breast cancer. These specially engineered adsorptive nanopatrticles,
known as NaNots, selectively deplete soluble proteins from the bloodstream that are
secreted by tumors to suppress immune responses and facilitate their growth. The
research revealed that this approach successfully restored anti-tumor immunity and

substantially delayed tumor proliferation.

Technical / Clinical Details

NaNots are biocompatible, adsorptive nanoparticles engineered using advanced
nanotechnology. Their unique mechanism of action differs from that of immune
checkpoint inhibitors; instead, NaNots physically remove immunosuppressive soluble
proteins from the body. Specifically, tumor cells often secrete soluble factors, such as
PD-L1, which inhibit the activity of immune cells like T cells, allowing tumors to evade
the immune system and proliferate. NaNots act like "sponges," adsorbing and removing
these soluble immunosuppressive proteins, thereby reversing the immune suppression
within the tumor microenvironment. The study specifically evaluated this in a mouse
model of triple-negative breast cancer (TNBC), a particularly challenging cancer subtype
with limited treatment options. The results indicated a significant inhibition of tumor
growth in the NaNots-treated group compared to controls, along with confirmed
infiltration and activation of immune cells (e.g., T cells) within the tumors. This suggests
that the immune system regained its ability to recognize and attack cancer cells. This
novel approach holds promise as a new therapeutic option, even for patient populations

where existing immunotherapies have limited efficacy.



Background & Industry Context

While cancer immunotherapy has revolutionized cancer treatment in recent years,
challenges persist, with limited efficacy in some patients and specific cancer types.
Triple-negative breast cancer, in particular, is known for its limited treatment options and
poor prognosis. Current immune checkpoint inhibitors work by blocking specific signaling
pathways between immune and cancer cells, but they may not address all the diverse
immunosuppressive factors present in the tumor microenvironment. NaNots offer a
fundamentally different approach by physically removing these factors. This "sponge
therapy" is considered promising, both in combination with existing immunotherapies
and as a standalone treatment for patients with inadequate immune responses. This
research underscores nanotechnology's potential to intervene in complex cancer biology

and offer new hope for difficult-to-treat cancers.

Strategic Significance & Outlook

The preclinical data strongly suggest that NaNots could offer an effective therapeutic
option for drug-resistant and immunosuppressive cancers. Future research will focus on
further validating its safety and efficacy for a transition to human clinical trials. If this
technology is successful in the clinic, it could become a transformative treatment,
dramatically improving outcomes for many cancer types, including triple-negative breast
cancer. NaNotics LLC is expected to rapidly advance this nanotechnology-based
approach, bringing new hope to patients suffering from intractable cancers. This will be a
crucial case study demonstrating how the synergy of personalized medicine and

nanomedicine can shape the future of cancer treatment.
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#23 imec Announces Extension of Chemically
Amplified Resists for High NA EUV Lithography,
Accelerating Next-Gen Microchip Manufacturing at
22nm Pitch

Published Published September 08, 2026 imec ~N)L¥—

| OVERVIEW

Imec has announced a significant advancement in high-NA extreme ultraviolet (EUV)
lithography, extending chemically amplified resists to enable single patterning of
22nm pitch line structures. This breakthrough is crucial for developing smaller, faster,
more cost-effective, and sustainable next-generation microchips. The innovation
highlights the pivotal role of nanoelectronics R&D in shaping the future of

semiconductor technology.



| IN DEPTH

Key Findings

Imec has achieved a significant breakthrough in nanoelectronics research: an extension
of chemically amplified resists (CARs) optimized for High Numerical Aperture Extreme
Ultraviolet (High NA EUV) lithography. This innovative technology enables the formation
of 22-nanometer (nm) pitch line structures using single patterning, substantially
advancing current microchip manufacturing capabilities. This development marks a
critical stride towards producing smaller, faster, more cost-effective, and environmentally

sustainable next-generation microchips.

Technical Details

Extreme Ultraviolet (EUV) lithography stands as the state-of-the-art technology in
contemporary semiconductor manufacturing, with High NA EUV specifically designed to
deliver superior resolution compared to conventional EUV systems. However, continued
miniaturization demands the concurrent development of highly compatible resist
materials. Chemically Amplified Resists (CARs) utilize post-exposure chemical reactions
to boost sensitivity and resolution, yet further performance enhancements were crucial to
meet the stringent requirements of High NA EUV. Imec's announced extension signifies
that exceptionally fine 22nm line-and-space (L/S) patterns can now be consistently

formed with a single exposure step.

* 22nm Pitch Achievement: This breakthrough fully leverages the high-resolution
capabilities of High NA EUV lithography, enabling significantly higher integration
density and performance advancements for next-generation DRAM, NAND flash

memory, and high-performance logic chips.

+ Single Patterning: In contrast to complex multi-patterning processes, this innovation
dramatically simplifies manufacturing steps, leading to reduced production costs,

increased throughput, and lower defect rates.

+ Enhanced Sustainability: The inherent efficiency gains from simplified
manufacturing translate to reduced energy consumption and optimized material
usage, directly supporting the semiconductor industry's critical initiatives to minimize

its environmental footprint.



This technology is poised to directly enhance the performance across a vast spectrum of
electronic devices, ranging from consumer smartphones and enterprise data center

servers to advanced Al processors.

Background & Industry Context

The semiconductor industry is locked in an unrelenting pursuit of miniaturization and
performance enhancement. Sustaining Moore's Law, which predicts the doubling of
transistors on an integrated circuit every two years, critically depends on continuous
innovation in lithography technology. High NA EUV lithography is a cornerstone
technology that major semiconductor manufacturers such as Intel, TSMC, and Samsung
intend to deploy for their future advanced process nodes. Historically, the performance
limitations of resist materials have represented a significant bottleneck for its practical
implementation. Imec has actively collaborated with key industry players to overcome
this formidable challenge. This latest achievement underscores the vital role of research
institutions like imec in serving as pivotal hubs that bridge fundamental research with

applied development within the broader semiconductor ecosystem.

Strategic Significance & Outlook

Imec's recent announcement significantly accelerates the maturity of High NA EUV
lithography technology, carrying profound implications for the semiconductor industry
roadmap. The successful demonstration of single patterning at a 22nm pitch provides a
clear pathway for the development of future extreme process nodes, such as 1.8nm and
1.4nm. Should this technology transition to high-volume manufacturing, it is anticipated
to drive substantial performance enhancements and cost-efficiency improvements
across diverse sectors, spanning from advanced consumer electronics to robust
enterprise systems. Nanoelectronics research is thus poised to maintain its central role
in driving the relentless evolution of the microchips that form the foundational backbone

of our modern information society.

Source: https://www.imec-int.com/en
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#24 Cerium-Doped Bioactive Glass Nanofibers
Effectively Promote Bone Regeneration by Enhancing
Treg-Mediated Immunomodulation

Published September 07, 2026  Regenerative Biomaterials | Oxford Academic  Unknown

| OVERVIEW

A newly developed cerium-doped cotton-like bioactive glass nanofiber (Ce-BGF) has
been shown to improve the immune microenvironment post-bone injury, promoting
bone regeneration through T regulatory cell (Treg)-associated
osteoimmunomodulation. These nanofibers exhibit enhanced T-cell compatibility,
efficiently maintain Treg induction, and reduce reactive oxygen species (ROS)
accumulation under calcium-rich conditions compared to conventional bioactive glass
nanofibers. This discovery opens new avenues for developing more effective and

biocompatible treatments for complex bone diseases and injuries.



| IN DEPTH

Key Findings

Recent research has unveiled that cerium-doped cotton-like bioactive glass nanofibers
(Ce-BGF) possess the remarkable ability to effectively modulate the immune
microenvironment following bone injury, thereby promoting bone regeneration through T
regulatory cell (Treg)-mediated osteoimmunomodulation. This innovative nanofiber
demonstrates superior compatibility with T cells compared to conventional bioactive
glass nanofibers, efficiently sustains Treg cell induction, and significantly reduces the
accumulation of reactive oxygen species (ROS) that can occur under calcium-rich

conditions. This represents a substantial breakthrough in bone regenerative medicine.

Technical / Clinical Details

Bone tissue regeneration is a complex process orchestrated by intricate interactions
among cells, growth factors, and the extracellular matrix, with crucial involvement from
the immune system. Appropriate regulation of inflammatory responses is essential for
successful bone regeneration; excessive inflammation, however, can impede it. Treg
cells are a subset of T cells that play a central role in suppressing immune responses
and maintaining tissue homeostasis. Ce-BGF, through its composition and nanoscale
structure, is believed to create a specific microenvironment that promotes the
differentiation and function of Treg cells. The incorporation of cerium (Ce), with its
inherent antioxidant properties, mitigates cell damage caused by ROS, which are often
generated at bone injury sites, thus maintaining a healthier cellular environment. This

leads to improved T-cell survival and enhanced Treg induction.

» Treg-Associated Osteoimmunomodulation: Ce-BGF promotes the activation and
maintenance of Treg cells, keeping the immune environment at the bone injury site
quiescent and suppressing excessive inflammation, thereby supporting osteoblast

differentiation and bone formation.

o T-Cell Compatibility: Compared to conventional materials, interactions with T cells

are optimized, leading to improved cell survival and function.

* Reduced ROS Accumulation: The antioxidant properties of cerium effectively
scavenge ROS that may arise in calcium-rich microenvironments, mitigating cellular

oxidative stress.



o Cotton-like Nanofiber Structure: This unique morphology offers a high surface-
area-to-volume ratio, facilitating cell adhesion, proliferation, and differentiation, while

also aiding the diffusion of nutrients and growth factors.

This technology opens new therapeutic avenues for fracture treatment, bone defect
repair, and the management of immune-related bone diseases such as osteoporosis and

peri-implantitis.

Background & Industry Context

Bone regenerative medicine is a crucial field addressing significant medical needs,
especially with the global aging population. However, existing bone graft materials and
regenerative technologies face challenges such as immune rejection, infection risks, and
limited regenerative capacity. Developing materials that can effectively control the
complex interplay between the immune system and bone tissue has been a long-
standing challenge. This research attempts to overcome these issues by introducing a
novel strategy that targets the immune system. Nanomaterials, with their high surface-
area-to-volume ratio and ability to interact with biomolecules, hold immense potential in
tissue engineering and regenerative medicine, and Ce-BGF represents a promising

example.

Strategic Significance & Outlook

Ce-BGF holds the potential to accelerate the development of more effective and
biocompatible treatments for bone injuries and immune-related bone diseases. Further
preclinical and human clinical trials will be essential to thoroughly evaluate its safety and
efficacy. If successful, this nanofiber could establish a new standard in bone
regenerative medicine, potentially improving the quality of life for millions of patients.
This research underscores how the profound integration of nanotechnology in

immunomodulation and regenerative medicine can shape future therapies.

Source: https://academic.oup.com/rb/advance-article/doi/10.1093/rb/rbag201/8787406
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#25 Novel Bilayer Collagen Nanofiber Nerve Wrap
Promotes Axonal Regeneration and Myelination in
Canine Peripheral Nerve Injury Model, Outperforming
or Matching Commercial Devices

Published September 07, 2026  Regenerative Biomaterials | Oxford Academic  Unknown

| OVERVIEW

A preclinical study in a canine peripheral nerve repair model demonstrated that a
newly developed bilayer collagen nanofiber nerve wrap promotes organized neural
tissue remodeling, axonal regeneration, Schwann cell-associated remodeling, and
progressive myelination throughout the regeneration process. This nanofiber wrap
exhibited regenerative performance comparable to or superior to commercially
available sponge-like nerve wraps. This breakthrough offers a promising new option

for peripheral nerve injury treatment.



| IN DEPTH

Key Findings

In a preclinical evaluation utilizing a canine model of peripheral nerve injury, a newly
developed bilayer collagen nanofiber nerve wrap demonstrated remarkable efficacy in
repairing damaged neural tissue. This innovative nerve wrap was confirmed to facilitate
organized neural tissue remodeling, efficient axonal regeneration, accelerated Schwann
cell-associated remodeling, and progressive myelination throughout the entire
regenerative process. Notably, this nanofiber wrap performed comparably to or even
surpassed the neural regenerative performance of currently available commercial

sponge-like nerve wraps.

Technical / Clinical Details

Peripheral nerve injuries can lead to significant functional impairment and chronic pain,
severely diminishing patients' quality of life. Nerve repair is a complex process,
demanding suitable scaffold materials and a conducive microenvironment. This bilayer
collagen nanofiber nerve wrap is based on highly biocompatible collagen, engineered
with a nanofiber structure to create an optimal environment for nerve regeneration. The
intricate nanofiber architecture mimics the natural extracellular matrix, guiding axonal
elongation and promoting the adhesion, proliferation, and differentiation of nerve-
regeneration-involved cells such as Schwann cells. The bilayer design combines
mechanical strength with flexibility, crucial for nerve repair, and holds potential for

controlled release of different bioactive substances from its inner and outer layers.

e Organized Neural Tissue Remodeling: The wrap promotes the natural structural

reorganization of nerves, supporting functional recovery.

» Efficient Axonal Regeneration: The nanofiber scaffold provides physical guidance

for axons to grow along appropriate pathways.

 Enhanced Schwann Cell-Associated Remodeling: Schwann cells are vital for
myelin sheath formation; supporting their activity aids in restoring neural signal

transmission.

* Progressive Myelination: The formation of myelin sheaths, which insulate

regenerated axons, is critical for normalizing nerve conduction velocity.



This technology offers a promising alternative or complement to autologous nerve
grafting, the current gold standard, in surgical treatments for various peripheral nerve
injuries such as nerve transections, compression injuries, and post-neurosurgical
resections. Autologous grafts, while effective, involve donor site morbidities, driving high

demand for alternative materials.

Background & Industry Context

Peripheral nerve injury affects millions globally each year, causing severe functional loss
and reduced quality of life. Current treatments include direct nerve repair, nerve grafting
(autologous or allogeneic), and synthetic nerve conduits. However, autologous nerve
grafts present challenges like donor site morbidity and limited availability, while artificial
nerve conduits have limitations in repairing large gaps or complex injuries.
Consequently, there has been a long-standing demand for more effective, safe, and
scalable nerve regeneration materials. Collagen nanofiber technology, owing to its
biocompatibility, biodegradability, and potential for nanoscale structural control, has

garnered significant attention in this field.

Strategic Significance & Outlook

This bilayer collagen nanofiber nerve wrap holds immense potential to revolutionize the
treatment of peripheral nerve injuries. Its success in a canine model provides strong
evidence for translation to human clinical applications. Future clinical development will
focus on long-term functional recovery, improvements in sensory and motor functions,
and further confirmation of its safety profile. If approved, this nanotechnology-based
device could provide neurosurgeons with a powerful new tool, significantly contributing
to functional recovery and improved quality of life for patients suffering from peripheral

nerve injuries.

Source: https://academic.oup.com/rb/advance-article/doi/10.1093/rb/rbag193/8787410
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#26 Machine Learning Force Fields Unravel
Carboxylate Ligand Binding on CdSe Quantum Dots at
Atomic Level, Paving Way for Enhanced Displays,
Solar Cells, and Bioimaging

Published September 05, 2026 Scienmag Unknown

| OVERVIEW

Groundbreaking research utilizing machine learning force fields has elucidated the
atomic-level binding mechanisms of carboxylate ligands on CdSe quantum dots. This
discovery clarifies the factors determining nanocrystal performance, offering new
insights for controlling properties in applications like TV displays, solar cells, and
biomedical imaging agents, where quantum dots play a central role. This could lead
to significant improvements in the efficiency and stability of these next-generation

nanotechnologies.



| IN DEPTH

Key Findings

In a recent study, advanced computational techniques, specifically Machine Learning
Force Fields, were employed to comprehensively detail the binding modes of
carboxylate ligands on the surface of Cadmium Selenide (CdSe) quantum dots at an
atomic level. This groundbreaking insight not only clarifies critical factors determining the
fundamental optical and electronic properties of these nanocrystals but also opens new
avenues for precise performance control in a wide array of nanotechnology applications
where quantum dots are pivotal, including television displays, solar cells, and biomedical

imaging agents.

Technical / Clinical Details

Quantum dots are nanoscale semiconductor crystals often referred to as "artificial
atoms" due to their size-dependent optical properties. They enable vivid colors in display
technology, high conversion efficiencies in solar cells, and highly sensitive imaging in
biomedical fields. The performance of quantum dots in these applications largely hinges
on the type and binding state of ligand molecules attached to their surface. Carboxylate
ligands, in particular, are widely used for surface passivation and stabilization of CdSe
quantum dots, yet their exact binding mechanisms have remained complex and not fully

understood.

The research team leveraged machine learning force fields to conduct large-scale
atomic simulations. This approach enabled long-duration molecular dynamics
simulations for larger systems, a feat challenging with conventional classical force fields
or first-principles calculations. This capability allowed for the elucidation of how ligands
adsorb onto the quantum dot surface, their stable configurations, and how their binding

impacts the quantum dot's electronic states.

o Atomic-Level Binding Mechanism: The study demonstrated that ligands bind to
specific atomic sites on the quantum dot surface, and that the binding angles and

distances influence the quantum dot's electronic structure.



o Application to Performance Control: Based on these detailed insights, guidelines
can be derived to optimize ligand type and quantity during quantum dot synthesis,
enabling the design and fabrication of quantum dots with tailored optical and

electronic properties.

+ Enhanced Device Efficiency and Stability: A deeper understanding of ligand
binding contributes to improved long-term stability, quantum yield, and precise control
over the emission spectrum of quantum dots, ultimately enhancing the performance

of end products.

This technical advancement is expected to push the performance limits in diverse fields,
including next-generation quantum dot displays (QLED), highly efficient perovskite solar

cells, and sensitive fluorescent probes for early cancer detection.

Background & Industry Context

Quantum dots have driven remarkable progress in electronics, energy, and medicine as
one of the leading nanomaterials of the 21st century. However, to fully unleash their
potential, a deeper understanding of the relationship between surface chemistry and
performance was required. The role of ligands is particularly critical; yet, real-time
atomic-level observation is experimentally difficult, making advances in theoretical
calculations and simulations indispensable. The convergence of machine learning and
molecular simulation has become a powerful tool for addressing such complex problems

in materials science, heralding a new paradigm in nanomaterial design.

Strategic Significance & Outlook

The insights gained from this research provide a versatile framework applicable not only
to CdSe quantum dots but also to the optimization of surface functionalization for other
types of quantum dots and various nanomaterials. Moving forward, this approach is
expected to accelerate the development of more stable and efficient quantum dot
materials, contributing to the broader adoption of high-performance displays, significant
advancements in solar energy conversion efficiency, and the creation of more precise
biomedical diagnostics and therapeutics. This serves as a prime example of how the
fusion of computational science and nanotechnology can accelerate novel material

development and industrial applications.
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#27 Clay-Reinforced Blow-Spun PVDF Nanofiber Mats
Achieve Significant Mechanical Strength Enhancement
Up to a Critical Limit, Opening New Horizons for
Functional Membrane Applications

Published September 11, 2026 Scienmag Unknown

| OVERVIEW

New research demonstrates that incorporating clay into blow-spun polyvinylidene
fluoride (PVDF) nanofiber mats significantly enhances their mechanical strength.
While highlighting the potential of clay as a reinforcing agent, the study also identifies
a critical limit beyond which the strengthening effect diminishes. This breakthrough
provides new design guidelines and performance improvements for high-strength

nanofiber applications in composite materials and functional fiborous membranes.



| IN DEPTH

Key Findings

Recent research has conclusively demonstrated that the mechanical properties,
particularly the strength, of blow-spun polyvinylidene fluoride (PVDF) nanofiber mats can
be dramatically improved through the incorporation of clay as a nanocomposite. This
innovative approach offers a new pathway for enhancing the performance of nanofiber
materials. Crucially, the study also elucidated a "critical limit" for clay addition, beyond
which the strengthening effect either plateaus or decreases, providing essential
guidance for designing high-strength and durable functional fiborous membranes and

composite materials.

Technical / Clinical Details

PVDF nanofibers are highly regarded for their excellent chemical stability,
hydrophobicity, and piezoelectric properties, making them attractive for diverse
applications such as filters, sensors, and energy harvesting devices. However, pristine
polymer nanofibers often suffer from insufficient mechanical strength, limiting their
practical utility. To overcome this, the research team developed a blow-spinning
technique to integrate layered silicate clay nanoparticles into the PVDF matrix. Clay
nanoparticles are believed to interact strongly with the polymer chains, enhance the
crystallinity of the nanofibers, and improve stress transfer efficiency, thereby bolstering

the overall mechanical strength of the material.

+ Substantial Mechanical Strength Improvement: Optimal clay loading leads to
increased tensile strength and modulus of the nanofiber mats, enabling the

production of more durable products.

 ldentification of Optimal Loading: The study clarifies that the reinforcing effect of
clay has a limit; excessive addition can cause aggregation and potentially
compromise mechanical properties. This provides clear guidelines for efficient

material design.

« Advantages of Blow Spinning: This manufacturing method allows for continuous
and large-scale production of nanofibers, indicating high scalability for commercial

applications of clay-reinforced PVDF nanofibers.



This technology is poised to contribute to product development across a wide range of
applications, including high-performance filters (air purification, water treatment
membranes), protective clothing, battery separators, structural composites, and smart

textiles.

Background & Industry Context

Nanofiber materials, with their high surface area-to-volume ratio and porous structures,
play a critical role in numerous innovative applications such as filtration, sensing,
healthcare, and energy storage. However, mechanical strength often represents a
significant barrier to their practical implementation. The approach of compounding
polymer nanofibers with nanoparticles to improve mechanical properties is an active
area of research in materials science. Clay, being inexpensive and readily available, is
particularly attractive as a composite material due to its high aspect ratio and reinforcing
effects. This research not only demonstrates improved strength but also highlights the
importance of identifying the optimal balance, contributing to the fundamental design

principles of nanocomposites.

Strategic Significance & Outlook

This study provides critical insights into clay-reinforced PVDF nanofiber mats,
demonstrating substantial improvements in mechanical strength while also defining
specific limitations. Moving forward, these findings will guide more precise interfacial
design between clay nanoparticles and PVDF polymers, alongside optimization of the
manufacturing process. This will facilitate the development of durable, high-performance
fibrous membranes, significantly enhancing the capabilities of filters, sensors, and
protective materials in various industries. Such advancements in nanotechnology-driven
composite materials are expected to provide novel material solutions for achieving a

sustainable society.

Source: https://bioengineer.org/blow-spun-pvdf-nanofiber-mats-get-strength-boost-from-clay-up-to-a-

critical-limit/
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#28 MIT Researchers Develop Injectable Nanodevices
for Drug-Resistant Glioblastoma, Offering New
Strategy for Infiltrative Tumors by Crossing Blood-
Brain Barrier and Evading Immune System

Published September 09, 2026 Medical Xpress USA

| OVERVIEW

MIT researchers have developed injectable nanodevices with the potential to provide
effective treatment for drug-resistant glioblastoma (GBM). Previous studies
demonstrated these nanodevices safely integrate with living cells, evade immune
system attack, and readily cross the blood-brain barrier. This breakthrough opens
new strategies for delivering therapeutics effectively to highly infiltrative brain tumors,

which are challenging for conventional treatments, offering hope to patients with this

intractable cancer.



| IN DEPTH

Key Findings

A research team at the Massachusetts Institute of Technology (MIT) has successfully
developed injectable nanodevices with the potential to offer a revolutionary treatment
approach for drug-resistant glioblastoma (GBM), a particularly challenging form of brain
cancer. This innovative nanotechnology device has previously demonstrated its ability to
safely integrate with living cells, cleverly evade attacks from the immune system, and
readily traverse the blood-brain barrier (BBB), the brain's protective shield. This
technology represents a significant leap forward, enabling effective drug delivery even to
highly infiltrative brain tumors that have been extremely difficult to access with

conventional treatments.

Technical / Clinical Details

Glioblastoma is one of the most aggressive brain tumors, and due to its infiltrative nature
and drug resistance, existing therapies offer limited patient outcomes. Key challenges
include the inability of effective anti-cancer drugs to cross the blood-brain barrier and
adequately reach tumor cells within the brain, as well as the tumor's propensity to
develop drug resistance. The nanodevice developed by MIT possesses the following

critical properties:

+ Blood-Brain Barrier Penetration: Optimized nanoscale size and surface properties
allow the device to efficiently cross the blood-brain barrier, which typically blocks

most drugs, to reach tumor sites deep within brain tissue.

« Immune Evasion Capability: Highly biocompatible materials and surface
modifications enable the device to avoid rapid elimination by the body's immune
system, extending its residence time at the tumor site and maximizing therapeutic

agent exposure.

 Integration with Living Cells: The nanodevice's ability to safely coexist with living
cells without affecting their function suggests the potential for long-term treatment

and repeated dosing.



e Function as a Drug Delivery System: This device is designed to encapsulate
specific anti-cancer drugs or gene therapy agents and selectively deliver them to
tumor cells, serving as a platform especially useful for targeting new therapeutics

aimed at overcoming drug resistance.

This technology also holds promise for solving drug delivery challenges in other
neurodegenerative diseases such as Alzheimer's and Parkinson's disease, in addition to

glioblastoma.

Background & Industry Context

Brain tumors, particularly glioblastoma, are associated with a very poor prognosis and
short survival times, representing an intractable cancer. Standard treatments, including
surgery, radiation therapy, and chemotherapy, have limitations, with the acquisition of
drug resistance being a major factor in recurrence. Nanomedicine has long been
investigated as a promising approach to overcome the blood-brain barrier challenge and
enable selective drug delivery to tumors. The achievement of such a breakthrough by a
world-leading research institution like MIT strongly suggests that nanotechnology will
play a pivotal role in addressing unmet medical needs. This research marks a critical

step in shaping the future of personalized and precision medicine.

Strategic Significance & Outlook

The success of these injectable nanodevices has the potential to fundamentally
transform treatment strategies for drug-resistant glioblastoma. Rapid progression to
detailed preclinical and subsequent human clinical trials to further confirm safety and
efficacy is anticipated. If clinical translation is realized, this could become a revolutionary
therapy dramatically improving the prognosis and quality of life for glioblastoma patients.
This nanotechnology-based therapy is expected to usher in a new era of drug delivery in
brain disease treatment, offering hope to many patients suffering from severe and

intractable conditions.

Source: https://news.mit.edu/2026/injectable-nanodevices-could-provide-effective-treatment-drug-

resistant-glioblastoma-0909
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#29 Graphene Manufacturing Group (GMG) Stock
Surges 4.03% as Advances in Graphene Aluminum-lon
Battery Technology Fuel Investor Interest

Published September 10, 2026 Kalkine CA Canada

HIIMH\H“ e
el |
bl

L |!|!1:!z,l||!|.:|}!!!| "

| OVERVIEW

Graphene Manufacturing Group Ltd. (GMG) saw its stock price climb by 4.03% on
September 9, 2026, signaling heightened investor interest in its graphene technology
platform and battery development strategy. Updates on the company’s next-
generation graphene aluminume-ion battery technology, in particular, have garnered
market attention. GMG focuses on developing graphene production capabilities and
commercial opportunities in energy storage, energy efficiency, and advanced
materials applications, with this technological innovation serving as a primary growth

driver.



| IN DEPTH

Key Findings

Graphene Manufacturing Group Ltd. (GMG) experienced a notable increase in investor
interest, evidenced by a 4.03% rise in its stock price during trading on September 9,
2026. This surge reflects the market's high appraisal of the company's progress in its
graphene technology platform and, specifically, its development strategy for next-
generation graphene aluminume-ion battery technology. GMG is keenly focused on
expanding its graphene production capabilities and commercial opportunities in energy
storage, energy efficiency, and advanced materials applications, with these technological

innovations serving as key drivers of the company's growth.

Technical / Clinical Details

GMG's primary technological innovation lies in the development of graphene aluminum-
ion batteries (G®CELLS). Compared to conventional lithium-ion batteries, graphene

aluminum-ion batteries are expected to offer several advantages:

+ Rapid Charging Capability: Aluminum ions move faster than lithium ions, and when
combined with graphene's high conductivity, this enables extremely rapid charging

and discharging.

o Extended Lifespan: Graphene electrodes exhibit excellent cycle stability,
significantly extending battery life. This reduces the need for frequent replacements

and lowers operational costs.

* Enhanced Safety: Aluminum-ion batteries can utilize non-flammable electrolytes,

reducing the risk of fire due to overcharging or overheating, thus improving safety.

e Environmental Compatibility: Aluminum is more abundant and less expensive than
lithium, and graphene production processes generally have a lower environmental

impact, making them a more sustainable battery solution.

These characteristics position GMG's graphene aluminum-ion batteries for adoption in a
wide range of applications, including electric vehicles, renewable energy storage
systems, and portable electronic devices. They gain a significant competitive edge,

especially in sectors demanding fast charging and long lifespans.



Background & Industry Context

Battery technology is an indispensable component across all facets of modern society,
driving the proliferation of electric vehicles, the integration of renewable energy, and the
evolution of loT devices. While existing lithium-ion batteries are widely adopted, they
face challenges such as resource constraints, safety concerns, and limitations in
charging speed. Consequently, the development of next-generation battery technologies
is accelerating globally, with the introduction of new materials like graphene and
aluminum ions attracting significant attention. GMG's graphene aluminum-ion battery is
gaining considerable market expectation as a promising solution to these challenges.
The stock performance on TSXV, a Canadian stock exchange, indicates that investors

highly value the company's technological development and commercialization progress.

Strategic Significance & Outlook

The continuous advancements in GMG's graphene aluminum-ion battery technology are
expected to bring sustained growth opportunities for the company. The recent stock
surge is evidence that the market perceives significant potential value in this innovative
battery technology. Moving forward, GMG is anticipated to further expand its graphene
production capacity and implement strategic partnerships and market launch plans to
accelerate the commercialization of its battery products. If this technology gains
widespread adoption, it could bring about a major transformation in the energy storage
market, contributing to a cleaner and more sustainable energy future. Investors and
industry stakeholders will continue to closely monitor GMG's future technological

milestones and commercial developments.

Source: https://kalkine.ca/news/energy/graphene-manufacturing-group-Itd-tsxvgmg-gains-momentum-as-

battery-technology-progress-and-graphene-innovation-drive-investor-interest

Collected: September 11, 2026 | Automated Research System (Gemini API)


https://kalkine.ca/news/energy/graphene-manufacturing-group-ltd-tsxvgmg-gains-momentum-as-battery-technology-progress-and-graphene-innovation-drive-investor-interest
https://kalkine.ca/news/energy/graphene-manufacturing-group-ltd-tsxvgmg-gains-momentum-as-battery-technology-progress-and-graphene-innovation-drive-investor-interest

#31 First Graphene Secures Landmark Production
Order for PureGRAPH® from Pacific Urethanes for
Mining Fire-Resistant Products

Published September 08, 2026  First Graphene Australia

| OVERVIEW

First Graphene has achieved a significant commercial milestone, securing its first
production order for PureGRAPH® from Pacific Urethanes for fire-resistant
polyurethane products in the mining sector. This strategic agreement validates the
real-world applicability of First Graphene’s advanced graphene additives, confirming
their ability to enhance both fire resistance and mechanical strength. The partnership

underscores a critical step in the broader commercialization of graphene materials.



| IN DEPTH

Key Findings

First Graphene has secured a pivotal production order for its high-performance
PureGRAPH® graphene additive from Pacific Urethanes. This landmark agreement
aims to integrate PureGRAPH® into fire-resistant polyurethane products specifically
designed for the mining industry, marking a significant advancement in First Graphene's

commercialization strategy.

Technical and Business Details

This order serves as concrete evidence of First Graphene's innovative graphene
products demonstrating their performance and commercial viability in specific industrial
applications. Pacific Urethanes, a leading licensor of fire-resistant polyurethane
technology, intends to incorporate PureGRAPH® into its product portfolio to significantly
enhance both the flame retardancy and mechanical strength of its final products.
PureGRAPH® is expected to leverage graphene's high thermal conductivity, superior
mechanical properties, and excellent barrier characteristics to push the boundaries of

conventional polyurethane performance.

Through this collaboration, PureGRAPH® is positioned as a critical material for
reinforcing fire safety standards and improving equipment durability, particularly in the
demanding environments of the mining sector. The performance enhancements
achieved by graphene integration will directly contribute to increased worker safety and
extended operational life of equipment, leading to cost reductions and efficiency

improvements in mining operations.

Background and Industry Context

Graphene and its derivatives have been hailed as "wonder materials" due to their
exceptional physical and chemical properties, promising applications across numerous
industrial sectors. However, their commercialization has faced challenges related to
consistent quality, mass production scalability, and validated performance improvements
in real-world applications. First Graphene, with its Pure GRAPH® product, has
demonstrated its ability to overcome these hurdles, and the agreement with Pacific

Urethanes clearly shows how graphene-based solutions can create tangible value.



Such orders represent a crucial indicator for the entire graphene industry. It signifies not
just material supply, but the adoption of graphene as part of customized solutions
addressing specific client needs, paving the way for graphene applications in other

heavy industrial sectors like construction, automotive, and aerospace.

Strategic Significance and Outlook

For First Graphene, this contract with Pacific Urethanes acts as a springboard for further
market expansion. Success in the mining sector could accelerate the deployment of
PureGRAPH® in other heavy industries. The company aims to scale up its production
capabilities and strengthen its global presence, solidifying its position as a leader in the
graphene industry. This order represents a pivotal moment in graphene's transition from

theoretical potential to practical, value-generating solutions.

Source: https://firstgraphene.net/asx-announcements/
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#35 ACS Fall 2026 Unveils Breakthrough in Inherently

Safer, Hydrofluoric Acid-Free MXene Production
Accelerating Commercialization

Published Date unknown  American Chemical Society USA

| OVERVIEW

A groundbreaking study at ACS Fall 2026 introduced an inherently safer
manufacturing process for MXenes, eliminating reliance on hazardous molten fluoride
salts and concentrated hydrofluoric acid. This innovation dramatically reduces safety
risks and removes a critical barrier to large-scale MXene production and

commercialization. The breakthrough is poised to accelerate the adoption of MXene

materials across various industrial applications.



| IN DEPTH

Key Findings

At the ACS Fall 2026 conference, a groundbreaking study presented a new, inherently
safer pathway for MXene production, fundamentally improving upon traditional
hazardous synthetic processes. This novel method successfully bypasses the long-
standing challenge of using molten fluoride salts and highly concentrated hydrofluoric
acid (HF) in MXene synthesis. This innovation represents a quantum leap in
manufacturing safety and environmental compatibility, effectively removing one of the

most significant barriers to the large-scale commercialization of MXene materials.

Technical Details

MXenes are a family of two-dimensional transition metal carbides, nitrides, or
carbonitrides renowned for their excellent electrical conductivity, high surface area, and
robust mechanical strength. They hold immense promise for applications in energy
storage, electromagnetic interference shielding, sensors, and catalysis. However, their
conventional synthesis typically relies on an etching process involving hydrofluoric acid
(HF), a chemical known for its extreme corrosivity and high hazard profile. This has
historically led to high manufacturing costs, stringent facility requirements, and
environmental concerns. The newly proposed safer production process addresses these
critical issues. While specific methodological details were not fully disclosed, it is inferred
that the method employs HF-free or minimal HF generation techniques. This approach
promises to simplify manufacturing infrastructure, ensure a safer working environment,

and reduce overall production costs.

The development of such a safe synthesis method will also contribute to improved
quality control and reproducibility of MXenes, ultimately enabling a stable supply for

diverse high-performance devices in the future.



Background and Industry Context

In the advanced materials industry, safety and sustainability are pressing concerns. For
nanomaterials, in particular, despite their unique properties garnering significant
attention, the use of hazardous substances and environmental impacts during
manufacturing often create commercialization bottlenecks. If promising materials like
MXenes can be produced through safer and more environmentally friendly means, their
industrial adoption will accelerate exponentially. This breakthrough will streamline the
transition from research and development to industrial-scale production, encouraging

more companies to enter the MXene-based product development arena.

Strategic Significance and Outlook

The announcement of this "inherently safer MXene production" technology marks a
critical step towards sustainable innovation in the nanomaterials sector. It is anticipated
that as this technology gains wider adoption, MXenes will be increasingly integrated into
various end-products, including electric vehicle batteries, next-generation wearable
devices, smart sensors, high-performance filters, and medical devices. Enhanced safety
profiles will reduce risks across the entire supply chain and boost investor confidence in
MXene-related technologies, potentially leading to rapid growth in the MXene market

over the coming years.
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