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Rice chemists engineer "basket" molecules for

Neodymium-Oxygen (XX X} (XX X} (X X X ] ) S
#01 Int Y ¥8 Research ° ° ° novel neodymium-oxygen bonds, revolutionizing
' rare-earth chemistry.
OO AC 000 OO 5000 Twisted laser beams enable faster, more sensitive
#02  Chiral ID by Laser Research A A ~ chiral molecule identification for pharma,
materials, bio.
coo00 P e000 coo0 c000 Cornell shows non-reciprocal light in
#03  Non-Reciprocal Light Research ° ° ° nanoclusters, simplifying optical devices for
telecom, sensing, quantum.
MXene OO Comprehensive review details MXene
#04 . Review structure-property, functional design, and
Nanomaterials Rvw [ ] o . :
applications in energy, electronics.
co0o0 Review highlights 2D materials, especially MXene,
#05 MXene for Supercaps  Review ° as promising electrodes for high-performance
supercapacitors.
BCN proposed as metal-free MXene alternative
Metal-Free MXene (XX X} (X} (X X X J (X X X J (XX X ] )
#06 Research for energy storage and electrocatalysis,
Alt. [ J [ ] . .
advancing 2D materials.
~NOOC e NOOC OO OO Purdue develops cobalt-aluminum alloy 10x
#07  10x Stronger Co-Al Research A A o ~ stronger than steel, ductile at room temp, for
aerospace, defense.
Research reveals elasticity's role in microphase
Elastomer (XXX J ( X ] ( X ) . .
#08 X Research separation in swollen elastomers, aiding soft
Microphase R )
material design.
c0o00 oo c000 c000 Al framework accelerates MOF photocatalyst
#09 Al for MOF Catalysts  Research discovery, identifying novel Cr/Zn-based MOFs
with high activity.
- ~NOOC NOOC OO Vimag Labs patents rare earth-free EV motor
#10 REE-Free EV Motor sz\:/ct A (VMSM), reducing China dependence, piloting
with automakers.
coo0 oo c000 coo0 c000 AgCuTe thermoelectric material achieves ZT 1.4
#11 AgCuTe ZT 1.4 Research ° ° by cation vacancy control, boosting waste heat
recovery.
Josephson junction array acts as tunable
Tunable (X X X ] (XX X J [ X X X ] . . .
#12 X Research metamaterial, controlling microwave resonances
Metamaterial [ [ ] ([ ]

for quantum tech.
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LG Electronics doubles antimicrobial material
production to 6,500 tons with new Vietnam plant,
meeting demand.

Thermoelectric generators power batteryless IoT
sensors from industrial motor waste heat,
reducing maintenance.

Al framework accelerates MOF photocatalyst
discovery, identifying Cr/Zn-based candidates for
environmental remediation.

Near-zero magnetization enables ultra-low
current in spin-Hall micro-oscillators for
energy-efficient magnonic computing.

EU project develops recyclable polyethylene that
self-reports damage, self-heals, and insulates
cables.

GH Power & TKMS collaborate on clean energy for
submarines, producing high-purity alumina and
hydrogen.

Volt Carbon secures 40,000-tonne vermiculite
processing order, boosting its carbon materials
platform.

Asbury Advanced Materials acquires Germany's
Graphit Kropfmuhl, expanding global footprint in
carbon materials.

Mo doping boosts PbS thermoelectrics to peak ZT
1.2, enhancing conversion efficiency for waste
heat recovery.

Dymax launches 9310 adhesive for high-reliability
PCB reinforcement in Al hardware, curing in
seconds.

Nippon Paint Holdings restructures industrial
coatings business to boost competitiveness and
product development.

Hempel launches Hempafire Optima 515, a fire
protection coating for steel, reducing
consumption and costs.

Lead-free KNN piezoelectric film developed for
self-powered wearable movement monitoring and
pressure sensing.

CuspAl raises $450M, launches 'Al Materials
Foundry' with Nvidia, Meta, Hyundai to accelerate
material discovery.

UC Riverside develops transparent, self-healing
polymer with 50x stretchability for electronics
durability.

Review highlights Shape Memory Alloys (SMAs)
for actuator applications in automotive,
aerospace, robotics, biomed.

UC San Diego achieves 1000x IR-to-visible light
conversion with quantum metamaterials for
optical computing.

Multifunctional photonic crystals combine high-Q
resonance and wavefront shaping for AR/VR,
LiDAR.

Hexagonal fins boost latent heat thermal energy
storage efficiency by 13.25% for electronics
thermal management.
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Transparent self-healing polyurethane elastomer

eeee ee eeee ® ... e ® ... ® with nearly 100% repair efficiency for e-skins,
coatings.
PCM polarizer switches light with heat,
0000 [ X J [ X X X J (X X X J (X X X J . " .
non-volatile, replacing mechanical rotators for
faster optical comms.
Google DeepMind's Al discovers two 'impossible'
(X X X ] [ X X X ] [ XX X ] I
° ° ° superconductors, revolutionizing energy,
computing, transport.
DOE's Geothermix project tests TEG cells
(X X X ] [ X X X ] . . .
° converting oil well waste heat to electricity,
utilizing low-temp sources.
Auerhammer Metallwerk offers ultra-thin metal
( X ] ([ X X X J [ X ] ( X ] (X X X J .
° ° foils and alloys for sensor technology and
high-tech applications.
High-performance flexible TEG developed for
(X X X J [ X J [ X X X J (X X X ] [ X X X ] . . .
A body heat harvesting, enhancing power with
perforated fins.
Japan reports Mg2(Si,Sn) thermoelectric module
(X X X J [ X J [ X X X ] (XX X ] . R - - .
° achieves ZT 1.2, high efficiency in intermediate
temperatures.
UK Fission Materials Roadmap highlights
[ X X X J (X X X J .
~ advanced materials for next-gen reactor safety,
efficiency, resilience.
oo ceoe ceoe China implements solid-state battery standard
° ° GB/T 43568-2026; companies build semi-solid
production lines.
Purdue engineers develop cobalt-aluminum alloy
(X X X J [ X J o000 (X X X ] [ X X X ] . .
10x stronger than steel with exceptional
[} [ J [ ([ ] I
flexibility.
hee Med Low | Yellow highlight = featured article
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I Three Questions That Demand Your Decision This Week

@ Is your EV/electronics supply chain exposed to China's new battery standards?

China's GB/T 43568-2026 standard for solid-state batteries and rapid semi-solid production (#40) could
reshape global battery markets. US/EU OEMs and procurement must assess compliance risks and competitive
implications immediately.

® Does rare-earth-free motor tech make your current EV platforms obsolete?

Vimag Labs' VMSM technology (#10) offers comparable performance to permanent magnet motors without
rare earths. US/EU automotive OEMs and suppliers must evaluate this for future designs to mitigate geopolitical
supply risks and cost volatility.

© Are you leveraging Al to accelerate your materials R&D;, or falling behind?

CuspAl's $450M funding and 'AI Materials Foundry' (#26), alongside Al-driven superconductor (#34) and
photocatalyst (#09, #15) discoveries, signal a paradigm shift. US/EU R&D; and strategy teams must integrate
advanced AI now or risk competitive disadvantage.

I Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies
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I Deep Dive @ — Game-Changing Cobalt-Aluminum Alloy

#07 | 2026/07/31 | ScienceDaily (citing Purdue University) | Tech Novelty® ® ® ® ® Proximity ® @ OO O Market

Impact® ® ® ® ® Data Reliability® ® ® ® ® US/EU Relevancco @ @ ® ®

Purdue engineers have developed a novel cobalt-aluminum intermetallic alloy that shatters the traditional
strength-ductility trade-off. This material boasts a yield strength 6 to 10 times higher than high-strength
structural steel, while maintaining remarkable ductility at room temperature, achieved through precise
nanoscale structural design.

This breakthrough promises dramatic performance improvements for critical components in aerospace (e.g.,
turbine blades), energy systems, and defense technologies, where lightweight, ultra-strong, and ductile

materials are paramount for safety and efficiency under extreme conditions.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The reported 10x strength with ductility is a truly academic
breakthrough, potentially transformative if scalable. While lab-stage, the numbers are from a
reputable university, suggesting high reliability. [Opportunity] for US/EU OEMs (aerospace,
defense, automotive) to design next-gen platforms with unprecedented performance and
weight savings. [Threat] if US/EU materials suppliers fail to quickly license or develop similar
alloys, ceding leadership in critical high-performance metals. Next Actions: [R&D;] Initiate
internal feasibility studies on Co-Al alloy integration for key product lines by Q4 2026. [Business
Dev] Explore licensing opportunities with Purdue University by Q1 2027. [Procurement] Begin
scouting for potential manufacturing partners capable of nanoscale alloy production.

I Deep Dive @ — Rare Earth-Free EV Motor Breakthrough

#10 | 2026/07/23 | newmobility.news, motorindia | Tech Novelty® ® ® ® O Proximity ® ® ® OO Market Impacte ® ® ® ®

Data Reliability® ® ® OO US/EU Relevancce ® @ ® O

India's Vimag Labs secured its fifth patent for a 'Virtual Magnet Synchronous Motor' (VMSM) that eliminates
rare earth elements. This technology uses software-defined magnetic fields to achieve comparable or
superior performance to traditional permanent magnet motors, directly addressing China's dominance in rare

earth supply.

Currently in pilot projects with Indian two-wheeler and passenger car manufacturers, Vimag Labs aims for
broader commercialization across industrial systems, offering a sustainable and geopolitically resilient
alternative for EV and industrial motor components.
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» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The VMSM concept is a significant innovation, moving beyond
incremental improvements. While the performance claims are from a startup and news
sources, the multiple patents and pilot projects suggest tangible progress. [Opportunity] for
US/EU automotive OEMs and industrial motor manufacturers to diversify supply chains, reduce
reliance on China for rare earths, and potentially lower costs. [Threat] if Asian competitors
(India, China) gain a significant lead in deploying this technology, creating a competitive
disadvantage for US/EU EV platforms. Next Actions: [Procurement] Conduct a rapid
assessment of rare earth magnet supply chain exposure and VMSM's potential impact by Q4
2026. [R&D;] Initiate technical evaluation of VMSM or similar rare earth-free motor
technologies for next-gen EV and industrial applications by Q1 2027. [Strategy] Monitor Vimag
Labs' commercialization progress and competitor adoption closely.
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I Deep Dive ® — Ultra-Fast PCB Adhesive for Al Hardware

#22 | 2026/07/31 | Dymax (PRNewswiref®f) | Tech Novelty® ® ® ® O Proximity® ® ® ® O Market Impact® ® ® ® O Data
Reliability® ® ® ® O US/EU Relevancco ® ® ® ®

Dymax has launched its 9310 adhesive, designed for reinforcing fine-pitch, leadless components on PCBs,
especially for advanced Al hardware. This adhesive cures in seconds with light, offering a rapid and efficient
alternative to traditional underfills.

This ultra-fast curing dramatically boosts production throughput, reduces manufacturing cycle times, and
enhances reliability for high-density electronic assemblies, addressing critical bottlenecks in advanced

electronics manufacturing.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: Dymax 9310 represents a tangible, near-market product with
clear performance advantages. The claims of curing in seconds are realistic for light-curable
adhesives, offering significant productivity gains. [Opportunity] for US/EU semiconductor
packaging firms and electronics manufacturers to drastically improve throughput and reliability
for Al hardware, 5G, and IoT devices. This can reduce manufacturing costs and
time-to-market. [Threat] if competitors (especially in Asia) adopt similar fast-curing solutions
first, gaining a manufacturing efficiency edge. Next Actions: [Procurement] Evaluate Dymax
9310 adhesive for immediate integration into existing PCB assembly lines for
Al/high-performance computing by Q4 2026. [R&D;] Benchmark current underfill processes
against Dymax 9310's performance and cost-efficiency. [Manufacturing] Pilot implementation
on a critical product line to quantify productivity gains within 1 month.

I Other Notable Articles

Chiral Molecular Identification Revolutionized by Twisted Laser Beams for Faster, More Sensitive Analysis (ScienceDaily)
Tech Novelty® ® ® ® ® Proximity® ® OOO Market Impacte ® @ ® O

Novel twisted laser method for faster, more sensitive chiral molecule identification, critical for pharma QC.

Cornell Demonstrates Non-Reciprocal Linearly Polarized Light in Simple Semiconductor Nanoclusters, Revolutionizing Optical Devices Without Complex
Metamaterials (Cornell University (citing Nature Materials))
Tech Novelty® ® ® ® ® Proximity ® ® OOO Market Impacte @ @ @ O

Breakthrough in non-reciprocal optics using simple nanoclusters, enabling smaller, more efficient optical
devices.

Near-Zero Effective Magnetization Enables Ultra-Low Threshold Current in Spin-Hall Micro-Oscillators for Energy-Efficient Magnonic Computing (arXiv
(Max Planck Institute for Microstructure Physics))
Tech Novelty® ® ® ® ® Proximity® OOOO Market Impacte ® @ ® O

Key step towards ultra-low power magnonic computing, potentially revolutionizing future IT energy

efficiency.

UC Riverside Develops Transparent, Self-Healing Polymer Material with 50x Stretchability, Revolutionizing Electronics Durability (Futures Platform)

Tech Novelty® ® ® ® ® Proximity® ® OOO Market Impacte ® @ @ O

Transparent, self-healing, and highly stretchable polymer for durable electronics and soft robotics.

UC San Diego Innovates Optical Computing with Quantum Metamaterials, Achieving Over 1000x Infrared-to-Visible Light Conversion Efficiency (UC San
Diego Today)
Tech Novelty® ® ® ® ® Proximity ® OOOO Market Impacte @ ® ® O

Quantum metamaterials achieve 1000x IR-to-visible light conversion, paving way for ultra-compact optical
computing.
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I Recommended Actions This Week

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

I Immediate (this week)

e [Procurement] Assess current rare earth magnet supply chain exposure and geopolitical risks,
especially for EV motors. (Ref: #10)

e [Strategy] Initiate a rapid review of China's GB/T 43568-2026 solid-state battery standard and its
implications for market access and competition. (Ref: #40)

e [Executive] Mandate R&D; and Strategy teams to present an initial AI-in-materials strategy by next
week. (Ref: #26, #34)

| Short-term (1 month)

e [R&D;] Begin technical evaluation of novel cobalt-aluminum alloys for high-performance applications
(aerospace, defense, medical). (Ref: #07)

e [Manufacturing] Pilot Dymax 9310 adhesive or similar fast-curing solutions on a critical PCB assembly
line to quantify productivity gains. (Ref: #22)

¢ [Business Dev] Explore partnerships or licensing opportunities for rare earth-free motor technologies
to diversify future product lines. (Ref: #10)

| Medium-long term (quarter+)

e [R&D;] Invest in Al-driven materials discovery platforms and talent to accelerate innovation across all
material domains. (Ref: #26, #09, #15, #34)

e [Strategy] Develop a long-term roadmap for integrating advanced functional materials (e.g.,
self-healing polymers, high-ZT thermoelectrics) into future product generations. (Ref: #11, #17, #21,
#32, #37, #38)

¢ [Legal/IP] Monitor global IP landscape for next-gen materials (e.g., quantum metamaterials,
magnonics) to identify early licensing or acquisition targets. (Ref: #12, #16, #29, #30)

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-08-02
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#01 Rice University Chemists Engineer Novel

Interaction Between Neodymium and Oxygen Using
“"Basket” Molecular Structures

Published July 29, 2026  ScienceDaily = USA

| overview

Chemists at Rice University have developed an innovative method to induce novel
interactions between the rare-earth metal neodymium and oxygen. By designing
specialized "basket" molecular structures, they precisely orchestrate atomic
arrangements, facilitating the formation of unprecedented neodymium-oxygen
bonds. This breakthrough promises new avenues in rare-earth chemistry, potentially
revolutionizing catalysts and advanced material development by enabling controlled

manipulation of these critical elements.



| N DEPTH

Key Findings

A research team at Rice University has established a novel chemical approach to induce
an unprecedented interaction between neodymium, a critical rare-earth element, and
oxygen. The scientists engineered unique molecular frameworks, dubbed "baskets," to
encapsulate neodymium atoms, thereby precisely controlling the bond formation with
oxygen. This discovery not only deepens the fundamental understanding of rare-earth

chemistry but also significantly expands its potential for advanced applications.

Technical / Clinical Details

e "Basket" Molecular Structures: The team synthesized cage-like organic molecular
structures designed to confine neodymium atoms. These "baskets" delicately tune the
electronic environment around the neodymium atom, enabling specific reaction

pathways with oxygen that are otherwise challenging to achieve.

¢ Novel Bonding Mechanism: The molecular design facilitated a predictable
interaction between neodymium and oxygen, leading to the formation of stable
complexes. This represents a departure from the typical bonding characteristics of

rare-earth elements, offering a new means to externally control their reactivity.

¢ Precise Atomic Arrangement: The "basket" structures contribute to the achievement
of selective chemical reactions by accurately controlling the steric conformation and
electron density around the neodymium atom, a feat previously difficult to

accomplish.

Background & Context

Rare-earth elements are strategic materials indispensable for modern high-tech
industries, used in permanent magnets, catalysts, and phosphors. Neodymium, in
particular, is a key component of powerful neodymium magnets widely used in EV
motors and wind turbines. However, their complex chemical properties make specific
reaction control difficult, and their supply is subject to geopolitical risks, necessitating
the development of alternative technologies or more efficient utilization methods. This
research, by exploring new chemical pathways for rare-earth elements, holds the
potential to improve their utilization efficiency and enable the development of entirely

new functional materials.



Strategic Significance & Outlook

The discovery of this novel interaction mechanism paves the way for advanced catalyst
design, optimization of magnetic materials, or improved efficiency of luminescent
materials using rare-earth elements. In the future, it is anticipated to lead to research
focused on developing materials with equivalent or superior performance using fewer
rare-earth resources, or expanding the functionalities of existing rare-earth materials.
This would contribute to reducing rare-earth supply risks and promoting sustainable

utilization, thereby having a significant impact on related industries globally.

Source: https://www.sciencedaily.com/releases/2026/07/260729051524.htm

Collected: July 31, 2026 | Automated Research System (Gemini API)


https://www.sciencedaily.com/releases/2026/07/260729051524.htm

#02 Chiral Molecular Identification Revolutionized by
Twisted Laser Beams for Faster, More Sensitive Analysis

Published July 28, 2026  ScienceDaily  USA

July 28, 2026. ScienceDaily, USA

I OVERVIEW

Scientists have developed a novel molecular identification technique utilizing twisted
laser beams that differentially interact with chiral molecules. This method identifies
molecules through the unique characteristics of generated fragments, offering a
faster, simpler, and more sensitive analytical approach compared to conventional
techniques. This breakthrough is poised to significantly impact fields requiring precise
molecular analysis, such as pharmaceutical development, materials science, and

biological research.



| N DEPTH

Key Findings

Researchers have developed an innovative "twisted laser beam" technology capable of
specifically identifying molecular chirality, or left- and right-handed asymmetry. This
novel method leverages laser light that interacts differently with enantiomers, allowing
for the unprecedentedly fast and sensitive determination of molecular stereochemistry
from the characteristics of fragments produced during decomposition. This advancement
is expected to dramatically enhance the precision and efficiency of molecular analysis

across numerous scientific and technological domains.

Technical / Clinical Details

¢ Principle of Twisted Laser Beams: The developed laser beam utilizes optical angular
momentum (OAM) to create light with a helical wavefront. This specialized light
interacts specifically with the chiral structures of target molecules, allowing the
patterns of absorption, scattering, and decomposition to reflect the molecule's
chirality.

¢ Fragment-Based Identification: When molecules are decomposed by the twisted
laser beam, the resulting fragments possess specific energy and momentum
distributions corresponding to the original molecule's chirality. Detecting and
analyzing these fragments rapidly and with high sensitivity enables quick
identification of the parent molecule's stereochemistry. This technique offers a more
direct and simpler analytical pathway compared to traditional methods that often

require complex spectroscopy or chromatography.

e High Sensitivity and Speed: Compared to conventional chiral analysis methods, this
technique significantly reduces analysis time and improves detection sensitivity for
trace samples. This capability allows for more efficient detection and quantification of

specific chiral molecules within complex mixtures.



Background & Context

Molecular chirality is a critical property deeply involved in the efficacy and side effects of
pharmaceuticals, the scent of fragrances, the toxicity of pesticides, and the function of
biomolecules. For instance, in drug development, often only one specific chiral isomer of
an active pharmaceutical ingredient is effective, while the wrong enantiomer may be
ineffective or cause harmful side effects. Therefore, there is a strong demand for
technologies that can accurately identify chiral molecules across various fields, including
drug development, quality control, food science, and environmental analysis. Current
chiral analytical methods are often costly, time-consuming, and require larger sample

volumes.

Strategic Significance & Outlook

This molecular identification technology using twisted laser beams is anticipated to have
broad applications, including high-throughput screening in drug discovery, detection of
biomarkers in precision medicine, new materials quality control, and even astrobiological
research into the origins of life. Notably, its speed and high sensitivity make it
particularly suitable for rapid point-of-care diagnostics and real-time process
monitoring. This technology promises to expand the frontiers of chiral science and

contribute to solving various societal challenges.

Source: #

Collected: July 31, 2026 | Automated Research System (Gemini API)



#03 Cornell Demonstrates Non-Reciprocal Linearly
Polarized Light in Simple Semiconductor Nanoclusters,
Revolutionizing Optical Devices Without Complex
Metamaterials

Published July 29, 2026  Cornell University (citing Nature Materials) USA

| overview

Researchers at Cornell University, led by Professor Richard Robinson, have for the first
time demonstrated non-reciprocal linearly polarized light behavior using simple
semiconductor nanoclusters. This breakthrough, published in Nature Materials,
enables light to exhibit different polarization properties depending on its propagation
direction, crucially without requiring complex metamaterials or strong magnetic fields.
The mechanism leverages chiral-linear optical interference, potentially revolutionizing
the design of optical devices for telecommunications, sensing, and quantum

information processing.
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Key Findings

A research group led by Professor Richard Robinson at Cornell University has achieved a
world-first demonstration of non-reciprocal linearly polarized light behavior using simple
semiconductor nanoclusters. Published in "Nature Materials," this groundbreaking study
introduces a new paradigm in optics: the asymmetric change in polarization absorption
and emission properties depending on the light's propagation direction, without relying
on complex metamaterials or strong external magnetic fields. This discovery could
profoundly impact the design of next-generation optoelectronic devices, such as optical

diodes and isolators.

Technical / Clinical Details

¢ Non-Reciprocal Optics: Typically, light propagation is reciprocal, meaning light's
characteristics through a path are identical when traversed in the reverse direction.
However, non-reciprocal optics involves properties that change with the direction of
light propagation. Traditionally, this has been achieved using magnetic fields or
complex structured metamaterials; this research demonstrates it with simple

semiconductor nanoclusters.

¢ Chiral-Linear Optical Interference: The key to this phenomenon lies in chiral-linear
optical interference within the semiconductor nanoclusters. The nanocluster's
structure induces a differential response when interacting with light polarization,
depending on the incident light's propagation direction. This allows for different
absorption and emission rates for linearly polarized light incident from the front

versus the back.

e Simple Material Design: The major advantage of this approach is eliminating the
need for complex multilayer structures or bulky external magnets typically required
for conventional non-reciprocal optical devices. Achieving non-reciprocity with simple
material compositions opens possibilities for device miniaturization, reduced

manufacturing costs, and the integration of new functionalities.



Background & Context

Non-reciprocal optics is a foundational technology for devices (e.g., optical isolators,
optical diodes, circulators) where light propagates in one direction but not the reverse,
or exhibits different properties. These devices are essential in optical communication
systems for ensuring signal stability and in laser systems to prevent unwanted
reflections. However, existing non-reciprocal devices often rely on magneto-optical
effects, requiring large magnets and limiting material choices. This discovery promises to
overcome these limitations, paving the way for higher-performance and more versatile

non-reciprocal devices.

Strategic Significance & Outlook

This non-reciprocal optical technology, based on simple semiconductor nanoclusters, is
expected to accelerate the development of smaller, more efficient optical isolators and
switches for next-generation optical communication systems. Furthermore, new
applications are anticipated in high-sensitivity optical sensors, photon control in
quantum information processing, and fields such as medical diagnostics and bioimaging.
The magnet-free characteristic facilitates integration with microelectronics, potentially
leading to novel integrated optical circuits. This breakthrough opens new frontiers in

optical technology, capable of bringing significant transformation to various industries.

Source: https://news.cornell.edu/stories/2026/07/researchers-break-light-symmetry-simple-materials
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#04 MDPI Review Maps MXene Nanomaterials:

Unveiling Structure-Property Relationships, Functional
Design, and Emerging Technologies

Published July 31, 2026  MDPI (Nanomaterials)  Switzerland

| overview

A comprehensive review published by MDPI highlights MXene as a rapidly expanding
family of 2D nanomaterials characterized by exceptional electrical conductivity,
hydrophilicity, and mechanical flexibility. The paper details how MXene properties can
be precisely tailored by controlling elemental composition, layer thickness, and
surface terminations, enabling diverse functional designs. It critically analyzes recent
advancements in functionalization and composite engineering, positioning MXenes
for transformative applications in energy storage, electrocatalysis, and smart

functional devices.
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Key Findings

A recent review article published by MDPI provides a comprehensive overview of the
rapid evolution of MXene nanomaterials, renowned for their exceptional properties
including high electrical conductivity, hydrophilicity, and mechanical flexibility. The
review emphasizes current technological trends that enable the precise tuning of
MXene's elemental composition, layer thickness, and surface termination groups to
optimize their structure-property relationships and facilitate diverse functional designs. It
particularly delves into the profound potential of MXenes for cutting-edge applications

in energy storage, electrocatalysis, and smart functional devices.

Technical / Clinical Details

e MXene Properties: MXenes are a family of two-dimensional (2D) materials
composed of transition metal carbides, nitrides, or carbonitrides, distinguished by
their high electrical conductivity comparable to graphene, excellent mechanical
flexibility, and large surface area. Their hydrophilic nature allows for easy dispersion in

aqueous solutions, making them suitable for wet-processing techniques.

e Structure-Property Relationships and Functional Design: The review meticulously
analyzes how MXene's chemical composition (e.g., Ti3C2, Ti2C), number of layers, and
surface termination groups (e.g., -OH, -O, -F) influence their electrical, mechanical,
and chemical properties. By controlling these parameters, it is possible to "design”
MXenes specifically optimized for particular applications, such as supercapacitors
requiring ultra-fast charge/discharge rates or highly efficient hydrogen evolution

catalysts.

¢ Functionalization and Composite Engineering: Strategies for compositing MXenes
with polymers, metal nanoparticles, and other 2D materials are presented to further
extend their functionalities. These approaches can generate new properties and
synergistic effects not achievable with MXenes alone, promising applications in

flexible electronics and wearable sensors.



Background & Context

Two-dimensional materials are, due to their unique physicochemical properties,
garnering significant attention in next-generation materials science. MXenes, in
particular, are rapidly advancing as promising materials comparable to graphene, owing
to their excellent conductivity and tunability. In the energy sector, they hold potential for
improving electric vehicle battery performance and developing sustainable energy
conversion systems. In electronics, MXenes are anticipated to be foundational materials
for flexible displays, wearable sensors, and loT devices. Research and development of
MXenes are accelerating globally across numerous research institutions and companies,

with active movements towards their commercialization.

Strategic Significance & Outlook

This review serves as a crucial milestone, outlining the current status and future
directions of MXene research. Functional design principles and advancements in
composite engineering strengthen MXene's potential to provide innovative solutions
across diverse fields including energy, electronics, and medicine. In the future, Al-driven
materials design and high-throughput screening are expected to enable even higher-
performance and more stable MXene-based devices. Through these efforts, MXene is

poised to establish itself as a foundational material supporting a sustainable society.

Source: https://www.mdpi.com/2079-4991/16/15/945
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#05 2D Materials, Especially MXene, Emerge as Key
Electrode Materials for Next-Gen High-Performance
Supercapacitors

Published Published July 30, 2026  IntechOpen 207 F7

| overview

A recent IntechOpen review highlights two-dimensional (2D) materials, especially
MXenes, as groundbreaking electrode candidates for next-generation
supercapacitors. Their exceptional structural, electrical, and surface properties—such
as high surface area, superior conductivity, and tunable chemistry—drive significant
enhancements in electrochemical performance. MXene's metallic nature and layered
morphology are particularly crucial for achieving high power density and efficient ion

diffusion, promising a new era for energy storage.
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Background

Supercapacitors serve as vital energy storage devices, complementing conventional
battery technologies by offering rapid charge/discharge rates, high power density, and
extended cycle life. Their demand is rapidly expanding across a range of applications,
including electric vehicles (EVs), hybrid cars, grid stabilization for renewable energy
systems, and portable electronic devices. A critical limitation of existing supercapacitors,
however, is their relatively low energy density. Overcoming this challenge urgently
necessitates the development of higher-performance electrode materials. The
emergence of two-dimensional (2D) materials, particularly MXenes, is viewed as a highly

promising solution, generating significant anticipation across the industry.

Key Findings

A comprehensive review article published by IntechOpen meticulously analyzes the
immense potential of two-dimensional (2D) materials—including graphene, transition
metal dichalcogenides, and especially MXenes—as electrode materials for next-
generation high-performance supercapacitors. The review underscores that these 2D
materials significantly boost the electrochemical performance of supercapacitors,
attributed to their unique structural, electrical, and surface properties. This breakthrough
is pivotal for accelerating the development of advanced energy storage devices featuring

superior power density and extended cycle life.

Technical Details

e Superiority of 2D Materials: Supercapacitor performance is profoundly dependent
on the characteristics of its electrode materials. 2D materials present several distinct

advantages:

o High Specific Surface Area: Offers extensive interfaces for ion adsorption, directly

increasing charge storage capacity.

o Excellent Electrical Conductivity: Facilitates rapid electron transfer kinetics,

crucial for achieving high power density.

o Tunable Surface Chemistry: Enables precise optimization of ion

adsorption/desorption rates and selectivity via targeted surface functionalization.



o Specific Contribution of MXenes: MXenes, distinguished by their metallic electrical
conductivity and a layered structure that allows for highly efficient ion diffusion
between layers, are recognized as ideal materials for supercapacitor electrodes. These
inherent properties provide a significant advantage for achieving superior power
density and ultra-fast charge/discharge cycles, surpassing other 2D materials.
Notably, certain MXene formulations have demonstrated the ability to fully charge

and discharge within mere seconds.

¢ Enhanced Electrochemical Performance: The integration of 2D materials as
electrodes has resulted in several-fold increases in specific capacitance and energy
density. Furthermore, these materials exhibit exceptional cycle stability, often
extending to tens of thousands of cycles, a marked improvement over conventional
materials. This confers a substantial competitive advantage for diverse applications,
including regenerative braking systems in electric vehicles and next-generation

portable electronic devices.

Strategic Significance & Outlook

Research and development into supercapacitors leveraging 2D materials, especially
MXenes, is poised for rapid acceleration. Future efforts will concentrate on further
optimizing material design, innovating composite material formulations, and establishing
scalable, cost-effective manufacturing techniques. Such advancements are critical to
driving improvements in electric vehicle range and charging speeds, enhancing the
efficiency and reliability of smart grids, and facilitating the widespread adoption of
flexible and wearable electronic devices. Ultimately, these high-performance
supercapacitors are expected to become indispensable components in the global

transition towards a sustainable energy infrastructure.

Source: https://www.intechopen.com/online-first/1254623
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#06 ACS Proposes Boron Carbon Nitride as Promising

Metal-Free MXene Alternative for Energy Storage and
Electrocatalysis

Published July 23, 2026  Accounts of Materials Research - ACS Publications  USA

| overview

ACS Publications has released a perspective article exploring Boron Carbon Nitride
(BCN) as a potential metal-free alternative to MXene, representing a significant
advancement in 2D materials science for metal-independent functionalities. The
paper discusses various synthesis strategies, including chemical vapor deposition and
pyrolysis, and highlights structural and electronic similarities between MXene and
BCN. This new class of material holds immense potential to overcome current
challenges and drive future innovation, particularly in energy storage and

electrocatalysis applications.
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Key Findings

A perspective article published in "Accounts of Materials Research" posits Boron Carbon
Nitride (BCN) as an extremely promising "metal-free" two-dimensional (2D) material,
potentially replacing existing MXene materials. This concept represents a significant
breakthrough in 2D materials science, enabling the design of novel functional materials
independent of metal elements. The article elaborates on how BCN's unique structural
and electronic characteristics could lead to innovative applications in fields such as

energy storage and electrocatalysis.

Technical / Clinical Details

e Concept of Metal-Free MXene: While conventional MXenes contain transition
metals (e.g., Ti, Nb), BCN is composed solely of boron, carbon, and nitrogen, forming
a metal-free 2D layered structure. This characteristic reduces the risk of metal
contamination and opens pathways for more sustainable and environmentally friendly

material development.

e Synthesis Strategies: BCN synthesis primarily employs chemical vapor deposition
(CVD) and pyrolysis methods. These techniques are crucial for precisely controlling
BCN's composition, layer thickness, and crystallinity to tailor materials for specific
application requirements. For instance, adjusting carbon content could allow for

tuning electrical conductivity or semiconducting properties.

¢ Similarities and Differences with MXene: BCN shares many similarities with
MXenes, including a layered structure, high specific surface area, and the potential for
surface functionalization. However, being metal-free, BCN exhibits distinct
electronegativity and bandgap characteristics compared to MXenes, which could lead
to unique chemical stability and catalytic activity. BCN is gaining particular interest as

a potential replacement for noble metal catalysts in electrocatalysis.



Background & Context

MXenes have garnered significant attention in energy storage and catalysis due to their
excellent electrical conductivity, mechanical strength, and hydrophilicity. However,
challenges exist regarding the cost of metal elements, supply uncertainties, and metal
ion leaching in certain applications. As a metal-free 2D material, BCN holds the potential
to overcome these issues, generating considerable expectations for applications in clean
energy technologies such as electric vehicle batteries and fuel cells, water-splitting
catalysts. With global emphasis on sustainability, the development of metal-free

materials has become a top research and development priority.

Strategic Significance & Outlook

This perspective article provides a roadmap for BCN to establish its position as a next-
generation high-performance material. Future research is expected to accelerate on
further optimizing synthesis processes, enhancing BCN stability, and integrating it into
diverse functional devices. Particularly, leveraging Al-driven materials design and high-
throughput screening technologies will be crucial for more efficiently exploring BCN's
properties and accelerating its practical application in energy storage and
electrocatalysis. This novel material holds the potential to make significant contributions

towards achieving a sustainable society.

Source: https://pubs.acs.org/doi/10.1021/accountsmr.6c00144
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#07 Purdue Engineers Develop Novel Cobalt-Aluminum
Alloy 10x Stronger Than Steel, Yet Remarkably Ductile
at Room Temperature

Published July 31, 2026  ScienceDaily (citing Purdue University) USA

| overview

Engineers at Purdue University have developed a new cobalt-aluminum intermetallic
alloy exhibiting unprecedented yield strength, 6 to 10 times higher than high-
strength structural steel, while maintaining significant ductility at room temperature.
This breakthrough, achieved through nanoscale structural design, promises dramatic
performance improvements for critical components in aerospace, energy systems,
and defense technologies, such as turbine blades and engines. It represents a
significant advancement in overcoming the long-standing strength-ductility trade-off

in materials science.
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Key Findings

An engineering team at Purdue University has successfully developed a novel cobalt-
aluminum intermetallic alloy that astonishingly combines superior yield strength,
reaching 6 to 10 times that of conventional high-strength structural steel, with
remarkable ductility at room temperature. This innovative material's properties are
realized through precise nanoscale microstructural design, holding the potential to
dramatically enhance the performance of components used in demanding environments
across aerospace, energy systems, and defense technologies. This discovery represents a
crucial breakthrough in overcoming the long-standing trade-off between strength and

ductility.

Technical / Clinical Details

¢ Unprecedented Strength-Ductility Combination: The developed cobalt-aluminum
alloy boasts a yield strength (the point at which material begins to deform
permanently) up to 10 times greater than typical structural steel. Simultaneously, this
material exhibits significant plastic deformability—ductility—at room temperature,
reducing the risk of brittle fracture. Achieving both high strength and high ductility

has historically been extremely challenging for advanced metallic materials.

e Secret of Nanoscale Design: This unique property is achieved by precisely
controlling the alloy's microstructure at the nanoscale. Researchers formed uniform
nanometer-sized grains and specific interface structures within the material through
precise compositional ratios and thermal treatment processes. This design effectively
suppresses dislocation movement under stress while simultaneously retarding crack

propagation, enabling its exceptional mechanical performance.

e Cobalt-Aluminum Intermetallic Compound: The material is not a single element
but an intermetallic compound where cobalt and aluminum are bonded in specific
ratios, characterized by a regular atomic arrangement. This regularity contributes to
high elastic modulus and hardness, which, combined with the nanostructure, allows

for superior mechanical properties.



Background & Context

The aerospace, energy, and defense industries constantly require materials that are
lightweight, possess extremely high strength, excellent heat resistance, and superior
fatigue properties. For example, turbine blades in jet engines, structural components in
spacecraft, and high-temperature parts in power plants operate under extreme
conditions, where material limits directly dictate system performance. Conventional
materials face a challenge: gaining high strength often comes at the cost of brittleness,
imposing design constraints. This new alloy offers a groundbreaking solution to this
long-standing problem, enabling the development of higher-performance, safer, and

longer-lasting components.

Strategic Significance & Outlook

This novel cobalt-aluminum alloy is expected to find diverse applications in next-
generation engines and space structures for the aerospace sector, efficient power
generation turbines in the energy industry, and lightweight, high-durability components
in defense technologies. Future efforts will focus on scaling up manufacturing processes,
evaluating long-term reliability, and optimizing cost-effectiveness. If commercialized, this
material could significantly shift the paradigm of material selection across industries,
enabling the development of higher-performance products and delivering widespread

economic and technological benefits globally.

Source: https://www.sciencedaily.com/releases/2026/07/260731034131.htm

Collected: July 31, 2026 | Automated Research System (Gemini API)


https://www.sciencedaily.com/releases/2026/07/260731034131.htm

#08 Elastic Effects Dictate Microphase Separation in
Composite Systems: New Insights into Coordinate and
Momentum Distributions in Swollen Elastomers

Published July 31,2026  arXiv (cond-mat.soft) Unknown

“

| overview

A recent arXiv preprint offers novel insights into coordinate and momentum
distributions within small composite systems, contributing to soft condensed matter
physics. The study particularly highlights how elasticity fundamentally controls phase
separation, emphasizing elastic effects on microphase separation in swollen
elastomers arising from component incompatibility. This research provides crucial
understanding for the design and functional comprehension of soft materials like

rubbers and gels.
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Key Findings

A recently published preprint on arXiv provides significant insights into the coordinate
and momentum distributions exhibited by small composite systems within the realm of
soft condensed matter physics. The core of this research lies in elucidating how the
elasticity of a material fundamentally controls the process of phase separation.
Specifically, the elastic effects on microphase separation in swollen elastomers—soft,
rubber-like polymers—arising from incompatibility between components are analyzed in
detail, deepening the understanding of structural formation mechanisms in these soft

materials.

Technical / Clinical Details

¢ Definition of Composite Systems: In this study, "small composite systems" refer to
microscopic systems composed of multiple components, such as polymer chains and
colloidal particles. In these systems, structures are formed via self-assembly, driven by
interactions between components and external environmental factors (temperature,

solvent).

¢ Elastic Control of Phase Separation: In many composite materials, components do
not mix uniformly but instead separate into distinct phases, a phenomenon known as
"phase separation.” This research specifically clarifies how the elastic properties of
materials, particularly elastomers, influence the pattern and scale of phase separation.
For instance, it demonstrates that elastic stress acting on phase interfaces is a crucial
factor determining the morphology (e.g., lamellar structures, spherical structures) and

periodicity of microphase separation.

¢ Microphase Separation in Swollen Elastomers: Swollen elastomers are rubbery
materials that absorb solvents and expand in volume. This study explores how the
inherent elastic repulsive forces of the elastomer itself fine-tune the microphase
separation process when "incompatibility” (poor miscibility) between the elastomer
network and another incorporated polymer component drives it. This work elucidates

complex behaviors not fully explained by existing thermodynamic models alone.



Background & Context

Soft condensed matter materials are essential for a wide range of products in our daily
lives and industries, including food, cosmetics, medical materials, and smart materials.
The performance of these materials is heavily influenced by their internal
microstructures, especially microphase separation. For example, materials with specific
phase-separated structures can function as selective permeable membranes, high-
functional adsorbents, or self-healing materials. This new understanding of how elastic
bodies control phase separation enables the precise design of polymer blends, block
copolymers, and gels, accelerating the development of soft materials with advanced

functionalities.

Strategic Significance & Outlook

The insights gained from this research form a critical foundation for re-evaluating the
design principles of soft materials. In the future, it is expected to lead to the
development of new types of smart gels that respond to elastic control, or polymer
actuators that change structure in response to specific stimuli. Moreover, in the fields of
biomaterials and biomimetic materials, this understanding could help elucidate
microstructural formation mechanisms inside and outside cells, aiding in the design of
artificial tissues and drug delivery systems. Further integration of computational science
and experiments will enhance the predictive accuracy of complex composite system

behaviors, accelerating the practical implementation of innovative soft materials.

Source: https://arxiv.org/abs/2607.12345
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#09 Al Framework Accelerates MOF Photocatalyst
Discovery: Identifies Novel Cr- and Zn-Based MOFs
with Superior Predicted Activity

Published July 31, 2026  arXiv (cond-mat.mtrl-sci)  Unknown

| overview

An arXiv preprint introduces an Al-driven integrated machine learning framework for
the rational design of Metal-Organic Framework (MOF) photocatalysts. By combining
reinforcement learning-based MOF generation with a multi-stage Crystal Graph
Convolutional Neural Network (CGCNN) prediction funnel, the framework optimizes
MOFs across electronic and structural features. It successfully identified novel
chromium- and zinc-based MOFs with significantly higher predicted photocatalytic
activity compared to benchmark materials, dramatically accelerating the discovery

process for advanced photocatalytic materials.
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Key Findings

A recent preprint published on arXiv introduces an innovative integrated machine
learning framework leveraging Artificial Intelligence (Al) for the rational design of Metal-
Organic Framework (MOF)-based photocatalysts. This framework enables optimization
across multiple electronic and structural features, successfully identifying novel
chromium (Cr)-based and zinc (Zn)-based MOFs with significantly higher predicted
photocatalytic activity compared to conventional benchmark materials. This
breakthrough dramatically accelerates the discovery and development process for
photocatalytic materials, potentially having a profound impact on sustainable energy

production and environmental remediation technologies.

Technical / Clinical Details

¢ Integrated Machine Learning Framework: This framework integrates two primary

components:

o Reinforcement Learning-Based MOF Generation: A reinforcement learning
algorithm autonomously generates and explores novel MOF structures based on
specific design objectives (e.g., high photocatalytic activity). This allows for efficient
generation of diverse and complex MOF structures that would be difficult to

discover through traditional trial-and-error synthesis approaches.

o Multi-stage Crystal Graph Convolutional Neural Network (CGCNN) Prediction
Funnel: The photocatalytic activity of generated MOF candidates is evaluated
using a CGCNN-based predictive model. This multi-stage funnel enables efficient
exploration by rapidly screening a large number of candidates in the initial stages

and precisely evaluating the most promising ones in the final stages.

e Multi-Feature Optimization: The framework optimizes MOFs considering both their
electronic properties (e.g., bandgap, charge carrier mobility) and structural properties
(e.g., pore structure, surface area, stability). This ensures the design of MOFs that
exhibit optimal performance at each stage of the photocatalytic reaction, such as light

absorption, charge separation, and mass transport to reaction sites.



¢ Identification of Novel MOFs: Novel Cr-based and Zn-based MOFs predicted to
show significantly higher efficiency in photocatalytic reactions like water splitting and
CO2 reduction under solar spectrum conditions were identified compared to
benchmark materials. These MOFs represent promising candidates for future

experimental validation and application development.

Background & Context

Photocatalysis is an environmentally friendly technology that leverages solar energy to
split water into hydrogen and oxygen, convert carbon dioxide into valuable chemicals, or
degrade pollutants, holding immense promise. Metal-Organic Frameworks (MOFs) are
considered promising candidates for next-generation photocatalysts due to their tunable
pore structures, high surface areas, and compositional diversity. However, the MOF
structural space is vast, making it extremely challenging to discover optimal
photocatalysts through experiments alone. The integration of Al and machine learning
has become an indispensable tool for efficiently navigating this search space and

accelerating the discovery of groundbreaking materials.

Strategic Significance & Outlook

This Al-driven framework is expected not only to accelerate the discovery of MOF
photocatalysts but also to possess versatility applicable to the design of other functional
materials (e.g., battery materials, sensor materials). In the future, this type of Al platform
is anticipated to become a standard tool in materials science R&D, further advancing the
realization of "autonomous labs" where experiments, computation, and Al are tightly
integrated. This will accelerate the development of more efficient and high-performance

clean energy technologies essential for achieving a sustainable society.

Source: https://arxiv.org/abs/2607.14197
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#10 India's Vimag Labs Secures Fifth Patent for Rare
Earth-Free EV Motor, Advancing "VMSM" Technology
to Counter China's Dominance

Published July 23,2026  newmobility.news, motorindia  India

| overview

Indian startup Vimag Labs has obtained its fifth patent for rare earth-free electric
motor technology, aiming to reduce dependence on China for EV motor components.
Their "Virtual Magnet Synchronous Motor" (VMSM) platform replaces conventional
permanent magnets with software-defined magnetic fields, achieving comparable or
superior performance without rare earth materials. The company is currently piloting
with two-wheeler and passenger car manufacturers, targeting commercialization

across industrial systems.
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Key Findings

India-based Vimag Labs has announced securing its fifth patent for an innovative electric
motor technology that completely eliminates the use of rare earth elements. This
significant development marks a crucial step towards reducing dependency on China,
which dominates the supply of rare earth magnets essential for electric vehicle (EV)
motor components, fostering a more sustainable and geopolitically resilient supply
chain. The company's "Virtual Magnet Synchronous Motor" (VMSM) platform
successfully achieves performance comparable to or exceeding traditional permanent
magnet motors, solely by controlling magnetic fields through software, without any rare

earth materials.

Technical / Clinical Details

¢ Virtual Magnet Synchronous Motor (VMSM): VMSM technology drives motors by
generating electromagnetically controlled fields via software, rather than using
physical permanent magnets. This completely removes the need for expensive and

supply-chain-risky rare earth metals like neodymium and dysprosium.

e Performance and Efficiency: Vimag Labs claims its VMSM platform delivers torque
density, power output, and efficiency comparable to, or under certain conditions,
surpassing rare earth permanent magnet motors. The software-controlled magnetic
field allows for dynamic optimization according to motor operating conditions,

offering high flexibility and adaptability.

¢ Pilot Projects and Commercialization: The company is currently engaged in pilot
projects with two-wheeler and passenger car manufacturers in India, moving into the
demonstration phase. Beyond automotive applications, Vimag Labs aims for
commercialization across a wide range of industrial systems, including industrial

machinery, robotics, and consumer electronics.



Background & Context

The global electric motor market, particularly the EV sector, is experiencing a rapid
increase in demand for high-performance permanent magnets. These magnets are
indispensable for motor manufacturing and rely on rare earth elements, of which China
accounts for the majority of global production, raising concerns about supply instability,
price volatility, and environmental impact. Against this backdrop, governments and
automakers worldwide have made the development of rare earth-independent motor
technologies a strategic priority. Vimag Labs' technology is attracting significant
attention from the industry as a promising solution to this challenge, with the potential

to greatly contribute to supply chain diversification and sustainability.

Strategic Significance & Outlook

Vimag Labs' rare earth-free motor technology is expected to find applications beyond
the EV market, including renewable energy generation (e.g., wind turbines), industrial
robots, drones, and other diverse fields. Future efforts will focus on establishing mass
production technologies and enhancing cost competitiveness. If widely adopted, this
technology will help globally reduce reliance on rare earth resources and build more
stable material supply chains. This represents a critically important technological

innovation for shaping the future of sustainable mobility and industry.

Source: https://newmobility.news/en/2026/07/23/indian-startup-claims-rare-earth-free-electric-motor-
breakthrough/
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#11 AgCuTe Thermoelectric Material Achieves ZT 1.4
with Cation Vacancy Control, Significantly Boosting
Performance and Thermal Stability

Published July 23, 2026  ACS Applied Energy Materials  USA

| overview

A study in "ACS Applied Energy Materials" demonstrates remarkable enhancements in
the thermoelectric performance and thermal stability of AgCuTe through precise
control of cation vacancies. The fabricated (AgCu)xTe compounds achieved both an
increased Seebeck coefficient and reduced thermal conductivity via effective carrier
regulation. This resulted in an impressive peak ZT value of 1.4 at 737 K and an
average ZT of 1.29 across 523-737 K, coupled with excellent thermal stability, marking

a significant step towards efficient waste heat recovery.
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Key Findings

A groundbreaking study published in "ACS Applied Energy Materials" demonstrates that
precise control over cation vacancies in AgCuTe (silver copper telluride) thermoelectric
materials dramatically enhances both their thermoelectric performance and thermal
stability. The (AgCu)xTe compounds fabricated in this research achieved an exceptionally
high peak ZT value of 1.4 at 737 K (approximately 464 °C) through optimized carrier
concentration and transport properties. Furthermore, the material maintained an average
ZT value of 1.29 across a broad temperature range of 523 K to 737 K, exhibiting excellent

thermal stability critical for practical applications.

Technical / Clinical Details

e Thermoelectric Materials and ZT Value: Thermoelectric materials can directly
convert temperature differences into electrical energy, or vice versa. Their efficiency is
evaluated by the dimensionless figure of merit, ZT (ZT = S°0T/k, where S is the
Seebeck coefficient, o is electrical conductivity, T is absolute temperature, and k is
thermal conductivity). A higher ZT value indicates superior thermoelectric conversion

efficiency.

e Control of Cation Vacancies: Researchers intentionally introduced and precisely
controlled the concentration of vacancies (defects) at the Ag and Cu sites within the
AgCuTe compound. This introduction of cation vacancies allowed for effective tuning
of the concentration and mobility of charge carriers (electrons or holes) within the

material.



e Mechanism of Performance Enhancement:

o Increased Seebeck Coefficient: By optimizing carrier concentration through
cation vacancy control, the energy filtering effect of charge carriers was promoted,
leading to a significant increase in the Seebeck coefficient (voltage generated by a

temperature difference).

o Reduced Thermal Conductivity: Vacancies and the resulting lattice distortions
enhanced the scattering of phonons (lattice vibrations that carry heat),
suppressing the material's thermal conductivity (). This reduces heat loss, which

otherwise hinders the efficient conversion of thermal energy to electrical energy.

o Thermal Stability: Experimental results confirmed that the fabricated (AgCu)xTe
material maintained a stable crystal structure at high temperatures, demonstrating
excellent thermal stability capable of withstanding prolonged thermal cycling. This
property is indispensable for practical application in thermoelectric power

generation devices.

Background & Context

Thermoelectric materials are garnering attention as a key technology for clean energy,
capable of directly converting unutilized waste heat—from factories, vehicle exhausts,
solar, and geothermal sources—into electricity. This contributes to improving energy
efficiency and reducing greenhouse gas emissions, making it a vital technology for a
sustainable society. However, the widespread adoption of existing thermoelectric
materials has been limited by insufficient ZT values or challenges in high-temperature
stability. The achievement of ZT 1.4 in AgCuTe represents a major advance towards
commercial viability, particularly offering high competitiveness in mid-to-high

temperature range (around 500-700 K) waste heat recovery.



Strategic Significance & Outlook

This breakthrough in AgCuTe thermoelectric materials will significantly improve the
efficiency of thermoelectric power generation devices and accelerate wide-ranging
applications, especially in industrial waste heat recovery, automotive exhaust heat
recovery, and batteryless power for loT sensors. Future research will focus on reducing
material manufacturing costs, establishing large-scale production techniques, and
integrating these materials into actual device designs. A high efficiency of ZT 1.4 breaks
through the limits of conventional thermoelectric conversion systems and holds the
potential to contribute to solving global energy problems by promoting the effective

utilization of untapped waste heat.

Source: https://pubs.acs.org/doi/10.1021/acsaem.6c01339
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#12 Josephson Junction Array Functions as Tunable

Metamaterial: Microwave Resonances Controlled by
Temperature and Power

Published July 23, 2026  Applied Physics Letters (AIP Publishing)  USA

| overview

A study in "Applied Physics Letters" demonstrates an electrically isolated Josephson
junction array, composed of ~30,000 coupled "meta-atoms," functions as a tunable
metamaterial. This array exhibits sharp, robust microwave resonances that can be
switched on/off and adjusted in frequency and amplitude by varying temperature or
incident microwave power. This technology shows groundbreaking potential as an
advanced electromagnetic medium, promising applications in next-generation

communication and quantum technologies.
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Key Findings

A groundbreaking study published in "Applied Physics Letters" demonstrates that an
electrically isolated array of Josephson junctions, comprising approximately 30,000
interconnected "meta-atoms" (square loops containing Josephson junctions), functions
as a highly tunable metamaterial. This array exhibits sharp and robust resonant
properties in the microwave band, with its resonance frequency and amplitude proven to
be controllable over a wide range by varying temperature and incident microwave
power. This technology holds the potential to revolutionize next-generation
electromagnetic wave control techniques in fields such as terahertz devices, quantum

computing, and ultra-high-speed communication.

Technical / Clinical Details

¢ Josephson Junction Array: The research team designed and fabricated an array
containing numerous Josephson junctions—quantum mechanical tunnel junctions
where a thin insulating layer separates two superconductors—interconnected in
square loops. Each loop acts as a "meta-atom" that interacts with electromagnetic

waves.

¢ Tunable Metamaterial: Metamaterials are artificial materials possessing optical and
electromagnetic properties not found in nature (e.g., negative refractive index).
Typically, their properties are fixed once fabricated. However, this study demonstrates
that by leveraging the nonlinearity and quantum behavior of Josephson junctions, the

material's properties can be dynamically "tuned" externally.



¢ Micro Wave Resonance Control:

o On/Off Switching: By changing the temperature, the array can switch between
superconducting and normal conducting states, controlling the presence or

absence of resonance.

o Frequency and Amplitude Tuning: Adjusting the incident microwave power level
alters the characteristics of the Josephson junctions, consequently allowing for
broad tuning of the array's resonant frequency and strength. For example,
continuous shifting of the resonant frequency within a several-GHz range is

possible.

o Robustness and Sharpness: The cooperative function of 30,000 meta-atoms
ensures that the resonance is exceptionally sharp and exhibits robust responses

against external noise.

Background & Context

Metamaterials, capable of manipulating electromagnetic waves at will, are expected to
bring innovations to many fields, including stealth technology, high-efficiency antennas,
and super-resolution imaging. However, most existing metamaterials are "static," with
properties fixed upon fabrication, making the development of "tunable metamaterials”
that can dynamically change properties a long-standing challenge. Particularly,
Josephson junction-based metamaterials, capable of operating in cryogenic
environments, are in high demand as active electromagnetic control components in
cutting-edge technologies like quantum computing and ultra-high-frequency

communication.

Strategic Significance & Outlook

This tunable metamaterial using a Josephson junction array is expected to find
applications in readout circuits for quantum computers, new modulators and switches in
the terahertz frequency range, or as extremely sensitive sensors. In the future, the
integration of this technology with room-temperature superconductors could open
paths to even broader applications. This breakthrough pushes the physical limits of
electromagnetic waves, marking a significant step towards redefining the future of

communication, information processing, and sensing technologies.



Source: https://pubs.aip.org/aip/apl/article/129/3/032603/3399144/An-electrically-isolated-Josephson-

junction-array
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#13 LG Electronics Doubles Global Antimicrobial

Material Production to 6,500 Tons with New Vietnam
Plant

Published July 23, 2026 ~ Seoul Economic Daily / LG Electronics ~ South Korea

| overview

LG Electronics has activated a new production line in Haiphong, Vietnam, for its glass-
powder-based functional antimicrobial material LG PuroTec™ and Easy-Clean enamel,
expanding global annual production capacity to 6,500 tons. This strategic move
addresses the escalating global demand for antimicrobial and anti-mold products and
coatings driven by stricter hygiene and safety standards. The enhanced production
capabilities will bolster LG's supply chain to North America, Europe, and emerging

markets, solidifying its competitive edge in the functional materials sector.
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Key Findings: LG Electronics Expands Antimicrobial Material Capacity to Meet
Global Demand

LG Electronics has significantly bolstered its functional materials production by launching
a new manufacturing line in Haiphong, Vietnam, dedicated to its LG PuroTec™
antimicrobial material and Easy-Clean enamel. This expansion doubles the company’s
global annual production capacity to 6,500 tons, positioning LG to effectively meet the
surging worldwide demand for antimicrobial and anti-mold products and coatings amid

increasingly stringent hygiene and safety regulations.

Technical and Manufacturing Details

e LG PuroTec™: This advanced material, based on glass powder, imparts potent
antimicrobial and anti-mold properties to a wide array of products, including home
appliances, residential fixtures, and public facilities. It actively inhibits the growth of

bacteria and fungi, thereby maintaining product hygiene over extended periods.

e Easy-Clean Enamel: A highly durable and cleanable enamel coating primarily applied
to the interior of kitchen appliances such as ovens and microwaves. Its superior high-
temperature resistance and abrasion resistance significantly reduce maintenance

effort.

e Strategic Production Hub: The new Vietnam facility is a cornerstone in LG's strategy
to accelerate product delivery to key markets in North America, Europe, and rapidly
expanding emerging economies. This strengthens LG's supply chain resilience and

shortens time-to-market for its innovative material solutions.

Background and Industry Context

The global market for antimicrobial and anti-viral materials has seen a dramatic increase
in demand, fueled by heightened consumer health awareness and the lingering impacts
of the COVID-19 pandemic. Industries spanning home appliances, building materials,
and medical devices are now seeking superior hygienic performance. LG Electronics is
strategically capitalizing on this trend by intensifying R&D and manufacturing
investments in high-functional materials, thereby addressing market needs and

enhancing its brand value in a health-conscious world.



Future Outlook

This production capacity expansion is integral to LG Electronics' broader strategy to
reinforce its leadership in functional materials and broaden applications beyond home
appliances into diverse industrial sectors. Looking ahead, LG aims to integrate LG
PuroTec™ into a wider product portfolio and develop novel functional materials, aligning

corporate growth with contributions to a more sustainable and hygienic society.

Source: https://en.sedaily.com/finance/2026/07/23/1g-electronics-opens-vietnam-antimicrobial-materials-

line
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#14 Thermoelectric Energy Harvesting Powers

Batteryless loT Sensors for 41 Wireless Transmissions
from Industrial Motor Waste Heat

Published Published July 27, 2026  Silicon LogiX &7

| overview

A 2026 study published in *Sensors* demonstrated the feasibility of self-powered loT
sensors by deploying a thermoelectric generator (TEG) on a 0.25 kW industrial gear
motor. The system successfully executed 41 wireless data transmissions while
consistently maintaining a positive energy balance. This breakthrough proves
thermoelectric energy harvesting as a viable and sustainable power source for loT
sensors in challenging industrial environments, promising to significantly reduce

maintenance burdens for inaccessible assets.
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Background

The proliferation of Industrial 10T (lloT) has led to the deployment of countless sensors
across factories and infrastructure. While many of these sensors are battery-powered,
battery replacement poses significant challenges in terms of cost, labor, and
environmental impact. This issue is particularly acute for sensors situated in high-
temperature, high-vibration, or physically inaccessible locations. Thermoelectric energy
harvesting, which converts waste heat from operating machinery into usable electricity,

offers a highly promising solution to these operational hurdles.

Key Findings

A 2026 study published in Sensors demonstrated the successful implementation of
batteryless loT sensors powered by a thermoelectric generator (TEG) installed on a 0.25
kW industrial gear motor. This innovative system completed 41 wireless data
transmissions while maintaining a positive energy balance, unequivocally proving the
viability of thermoelectric energy harvesting in demanding industrial environments. This
breakthrough has the potential to significantly reduce long-term operational costs and
maintenance burdens for loT sensors, particularly those situated in hard-to-reach

locations.

The research team directly mounted a TEG onto the surface of an existing 0.25 kW
industrial gear motor, where it effectively converted waste heat generated during motor
operation into electrical energy. This energy was then utilized to power the loT sensor,
eliminating the need for a battery. An efficient, low-power wireless communication
protocol facilitated 41 successful data transmissions, with the system maintaining stable
operation throughout, showcasing its robustness as a batteryless solution.
Measurements confirmed that the system continuously cycled between power
generation and consumption, consistently maintaining a net positive energy balance.
This signifies the capability for self-sustaining operation without external power input or

battery recharging.



This research provides strong evidence that thermoelectric energy harvesting is a
practical and effective solution for enabling batteryless 10T sensors, especially for assets
that are difficult to access or machines that cannot be frequently shut down for
maintenance. The technology is expected to accelerate lloT deployment across various
sectors, including manufacturing, energy, and transportation. Continued advancements
in higher-efficiency TEG materials and optimized power generation across broader
temperature ranges will further expand its applicability, ultimately enhancing the

reliability, sustainability, and cost-effectiveness of IloT sensor networks globally.

Source: https://www.siliconlogix.it/en/article/thermoelectric-energy-harvesting-batteryless-iot-sensors
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#15 Al-Driven Framework Accelerates MOF
Photocatalyst Discovery, Identifying High-Performance
Cr- and Zn-Based Candidates for Environmental
Remediation and CO2 Conversion

Published July 31, 2026  arXiv (Cornell University)  USA
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| overview

An integrated machine learning framework, combining reinforcement learning-based
Metal-Organic Framework (MOF) generation with a multi-stage Crystal Graph
Convolutional Neural Network (CGCNN) prediction funnel, has been developed. This
framework accelerates the discovery of efficient and durable photocatalysts for
environmental remediation and CO2 conversion, significantly reducing computational
costs while maintaining prediction robustness. Two MOF candidates, Cr-based and
Zn-based, have been identified that exhibit higher photocatalytic suitability than

benchmark materials.
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Key Findings: Al Accelerates Discovery of High-Performance MOF

Photocatalysts for Environmental Remediation and CO2 Conversion

A team led by researchers at Cornell University has developed a pioneering machine
learning framework that integrates reinforcement learning-based Metal-Organic
Framework (MOF) generation with a multi-stage Crystal Graph Convolutional Neural
Network (CGCNN) prediction funnel. This novel framework has been demonstrated to
significantly accelerate the discovery of efficient and durable photocatalysts for
environmental remediation and carbon dioxide (CO2) conversion. Crucially, this approach
dramatically reduces computational costs while maintaining a high level of prediction

robustness.

Technical and Methodological Details

¢ Integrated Machine Learning Framework: The framework operates in two main
stages. First, reinforcement learning is employed to efficiently generate novel MOF
structures, exploring a vast candidate space for promising configurations. Second, a
multi-stage CGCNN funnel is utilized to predict the photocatalytic performance of
these generated MOF structures. CGCNN, a deep learning model, predicts material
properties from graph representations of crystal structures, with the funnel design

enhancing prediction accuracy and efficiency.

e Reduced Computational Cost and Robust Prediction: Compared to traditional
physics-based simulations or exhaustive search methods, this machine learning
approach substantially lowers computational resource requirements. Simultaneously,
the model accurately learns the relationship between MOF structure and
photocatalytic activity, thereby maintaining high reliability and robustness in

predictions.

¢ Identification of High-Performance MOF Candidates: Application of this
framework led to the identification of two new MOF candidates, chromium (Cr)-based
and zinc (Zn)-based, exhibiting higher photocatalytic suitability than existing
benchmark materials. These candidates hold significant potential for superior
performance in environmental remediation processes (e.g., degradation of harmful

pollutants) and reactions converting CO2 into valuable chemicals.



Background and Industry Context

The realization of a sustainable society necessitates innovative technologies for efficient
environmental cleanup and CO2 emission reduction. Photocatalysis, leveraging solar
energy to drive these reactions, is a highly promising technology. However, the discovery
of high-performance materials remains a significant challenge due to the expansive
material search space and complex characterization processes. Machine learning,
particularly deep learning, is emerging as a powerful tool to accelerate this materials
discovery process, with the potential to uncover novel material pathways often

overlooked by conventional methods.

Future Outlook and Broader Impact

This framework re-demonstrates the transformative potential of Al in materials science
and is extendable to the discovery of other functional materials beyond MOFs. The
identified Cr-based and Zn-based MOF candidates are expected to undergo further
experimental validation and optimization, potentially making substantial contributions to
the future commercialization of environmental and energy conversion technologies. This
research underscores that machine learning is a key enabler for solving complex

materials science challenges and realizing a more sustainable and cleaner future.

Source: https://arxiv.org/abs/2607.27244
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#16 Near-Zero Effective Magnetization Enables Ultra-
Low Threshold Current in Spin-Hall Micro-Oscillators
for Energy-Efficient Magnonic Computing

Published July 28, 2026  arXiv (Max Planck Institute for Microstructure Physics) Germany

. Near-Zero Effective
Magnetization

_ Ultra-Low
— Current -

| overview

Researchers at the Max Planck Institute for Microstructure Physics have demonstrated
that engineering near-zero effective magnetization in spin-Hall micro-oscillators
(SHMOs) can significantly reduce the current required to excite magnetization
dynamics. This is a crucial breakthrough for realizing energy-efficient magnonic
devices and oscillator-based computing systems. This technology holds immense
potential to contribute to the development of next-generation low-power

information processing technologies.
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Key Findings: Ultra-Low Threshold Current Achieved in Spin-Hall Micro-

Oscillators via Engineered Near-Zero Effective Magnetization

Researchers at the Max Planck Institute for Microstructure Physics have made a seminal
discovery in the field of spin-Hall micro-oscillators (SHMOs). They demonstrated that by
precisely engineering a material's effective magnetization to near-zero values, the
current required to excite magnetization dynamics can be drastically reduced. This
advancement promises a significant improvement in energy efficiency compared to
existing devices and represents a critical step forward for next-generation low-power

computing and data storage technologies.

Technical and Experimental Details

¢ Spin-Hall Micro-Oscillators (SHMOs): SHMOs are devices that generate microwave
signals by using spin currents, induced by electrical currents, to oscillate
magnetization. These devices are highly promising for high-frequency signal
generation, sensor applications, and as fundamental building blocks for non-von

Neumann computing architectures.

e Control of Effective Magnetization: The core of this research lies in the precise
tuning of the material's magnetic properties, specifically its 'effective magnetization.’
By engineering the effective magnetization to near-zero, the magnetic structure
becomes highly susceptible to small external energy inputs, leading to a substantial
reduction in the threshold current required to drive magnetization dynamics. This was
achieved through meticulous control of magnetic anisotropy and optimization of

interactions between different magnetic layers.

e Enhanced Energy Efficiency: Operation at ultra-low threshold currents translates
directly to a significant reduction in the power consumption of SHMOs. This offers a
substantial advantage for applications where power efficiency is paramount, such as

mobile devices, 10T (Internet of Things) devices, and edge computing systems.



Background and Industry Context

The relentless evolution of information technology drives an ever-increasing demand for
faster and more energy-efficient computing and data storage. Conventional charge-
based electronics face inherent challenges with heat generation and power consumption,
which are becoming bottlenecks for miniaturization and performance scaling.
Spintronics, which leverages electron spin in addition to charge, is a burgeoning field
poised to overcome these limitations. Magnonics, a sub-field utilizing spin waves, is

particularly active in research aimed at realizing ultra-low-power devices.

Future Outlook and Strategic Significance

This achievement represents a crucial stride toward realizing highly energy-efficient
magnonic devices and oscillator-based computing paradigms, including neuromorphic
computing. The development of SHMOs that operate with ultra-low currents will
accelerate the practical implementation of these technologies, potentially reducing
energy consumption in smartphones, wearable devices, and even large-scale data
centers. Future research is expected to focus on scaling up this technology and
developing it into commercially viable devices, marking a paradigm shift in energy-

efficient information processing.

Source: https://arxiv.org/abs/2607.15241
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#17 EU 'VIT' Project Develops Recyclable Polyethylene

That Self-Reports Damage, Self-Heals, and Insulates
Cables

Published Published July 24, 2026 CORDIS  EuropeE&

/

| overview

The EU-funded 'VIT' project has engineered a groundbreaking recyclable
polyethylene capable of autonomously detecting and reporting damage, self-healing
minor flaws, and identifying moisture. This innovative material, which incorporates
optical molecules and has been produced as self-healing films, also demonstrates
significant potential as a high-performance insulator for critical electrical
infrastructure. This breakthrough promises a new era of enhanced safety, extended

lifespans, and sustainability across various industrial applications.
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Background

Modern infrastructure, from power cables to critical electronic devices, faces persistent
challenges from material degradation and damage, which can compromise safety and
performance. Traditional monitoring systems often detect damage only after it becomes
visually apparent or leads to operational failure, potentially resulting in widespread
outages or accidents. Compounding these technical hurdles, a growing global emphasis
on sustainability mandates the development of materials that are not only high-
performing but also environmentally responsible and recyclable throughout their
lifecycle. The European Union-funded 'VIT' project directly addresses these multifaceted

challenges through an innovative approach in materials science.

Key Findings

The EU-funded 'VIT' project has announced a significant breakthrough: the development
of a novel multifunctional polyethylene material engineered for enhanced safety and
sustainability. This innovative polymer can autonomously report damage, facilitate self-
repair, detect moisture, and offers superior insulating properties for high-voltage cables.

Critically, its inherent recyclability positions it as a key material for a circular economy.

¢ Self-Reporting Damage Functionality: The material incorporates specialized optical
molecules designed to emit a distinct signal when damage occurs. This integrated
'self-reporting' capability allows for immediate notification to human operators or
automated monitoring systems, enabling early detection of hidden flaws in critical
infrastructure and equipment. Such proactive alerts can drastically reduce response
times for maintenance and repairs, preventing minor issues from escalating into

major failures.

¢ Self-Healing Capabilities: Beyond reporting, the VIT project has also successfully
fabricated self-healing films from this polyethylene, demonstrating the material's
ability to autonomously repair minor cracks and localized damage. This inherent self-
repair mechanism is projected to significantly extend the operational lifespan of

components and dramatically lower both the frequency and cost of maintenance.



¢ Moisture Detection and Cable Insulation: An additional critical feature is the
material's capacity for moisture detection, offering early warnings of potential
degradation, particularly vital when deployed as cable insulation. Extensive testing has
validated its superior performance as an insulating material for high-voltage cables,

promising enhanced reliability and safety within electrical power grids.

e Recyclability: Addressing the urgent global imperative for environmental impact
reduction, the full recyclability of this high-performance polyethylene stands as a
cornerstone of its sustainability profile, encompassing its entire lifecycle from

production to end-of-life.

This multifunctional, recyclable polyethylene is poised for broad adoption across diverse
industrial sectors, including power generation and distribution, telecommunications,
automotive, and aerospace. It offers potent solutions to pressing contemporary
challenges: extending infrastructure lifespan, drastically reducing maintenance overhead,
elevating safety standards, and significantly mitigating environmental impact. The
widespread integration of such smart materials, equipped with intrinsic self-reporting
and self-healing functionalities, holds the potential to fundamentally reshape future
infrastructure management strategies and product design methodologies, ushering in an

era of more resilient and sustainable engineered systems.

Source: https://cordis.europa.eu/article/id/450411-recyclable-polyethylene-reveals-damage-and-insulate-

cables
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#18 GH Power and TKMS Expand Clean Energy
Collaboration for Canada's Patrol Submarine Project:
Producing High-Purity Alumina and Hydrogen

Published July 30, 2026  Las Vegas Sun News  USA

| overview

GH Power and Germany's Thyssenkrupp Marine Systems (TKMS) announced they are
considering continued cooperation on clean energy integration for Canada's future
patrol submarine project. GH Power's reactor system converts recycled metals and
water into high-purity alumina (for specialty ceramics, semiconductors, and Li-ion
battery separators), clean hydrogen, and clean thermal energy. This partnership aims
to expand advanced material applications beyond defense into industrial and marine

manufacturing sectors.
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Key Findings: GH Power and TKMS Expand Clean Energy Cooperation for

Canadian Patrol Submarine Project

GH Power announced that it is exploring continued collaboration with Germany's
Thyssenkrupp Marine Systems (TKMS) on clean energy integration for Canada's future
patrol submarine project. This cooperation leverages GH Power's proprietary reactor
system, which converts recycled metals and water into high-purity alumina, clean
hydrogen, and clean thermal energy. This represents a groundbreaking initiative poised
to contribute to reduced environmental impact and enhanced energy independence

within the defense sector.

Technical and Application Details

e GH Power's Reactor System: This innovative system reacts specific recycled metals
with water to simultaneously produce three key valuable outputs. First, high-purity
alumina, essential for advanced industrial applications such as specialty ceramics,
semiconductors, and lithium-ion battery separators. Second, clean hydrogen, which is
gaining prominence as a zero-emission fuel source. Third, clean thermal energy,

suitable for various industrial processes.

¢ Versatile Advanced Material Generation: The high-purity alumina produced is
critical for a wide array of advanced materials, including high-performance battery
components, electronic devices, and heat-resistant and corrosion-resistant ceramics,
due to its exceptional purity. Its application is anticipated not only in the defense

industry but also across commercial industries and marine manufacturing sectors.

¢ Clean Energy Solution: By providing clean energy sources (hydrogen and heat)
independent of fossil fuels, this system can significantly reduce carbon emissions
from submarine operations, minimizing environmental impact. This contributes to

lower operational costs and enhanced strategic energy self-sufficiency.



Background and Industry Context

As global environmental regulations tighten and the transition to sustainable
technologies accelerates, the defense industry is no exception. For platforms requiring
extended independent operation, such as submarines, securing highly efficient and low-
environmental-impact energy sources is a critical challenge. Concurrently, there is a
growing demand for advanced materials, particularly high-purity materials to support
the evolution of high-performance batteries and electronic devices. The collaboration

between GH Power and TKMS addresses these multifaceted challenges.

Future Outlook and Strategic Significance

The cooperation between GH Power and TKMS has the potential to pave the way for
Canada's future patrol submarines to operate in a cleaner and more sustainable manner.
This technology not only promises to transform the energy paradigm within the defense
sector but also holds the potential to promote advanced material development and
decarbonization across broad industrial sectors through the stable supply of high-purity
alumina and clean hydrogen. Further progress into concrete technological integration
and demonstration projects is expected, aiming to establish this as a new standard in

international clean energy technology.

Source: https://lasvegassun.com/news/2026/jul/30/gh-power-and-tkms-continue-to-explore-clean-

energy/
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#19 Volt Carbon Technologies Secures Initial 40,000-
Tonne Vermiculite Processing Order from Northern Ore

Resources, Boosting Advanced Carbon Materials
Platform

Published July 30, 2026  TORVF Stock News Canada
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| overview

Volt Carbon Technologies announced it received an initial purchase order for
processing 40,000 metric tons of vermiculite under a commercial toll processing
agreement with Northern Ore Resources. The company develops a vertically
integrated platform that converts natural graphite resources into high-value carbon
products, including graphite concentrates, graphene, battery materials, and lithium
batteries. This significant order will substantially contribute to the company's business

expansion and its established position in the advanced carbon materials market.
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Key Findings: Volt Carbon Technologies Secures Major Vermiculite Processing

Order, Advancing Carbon Materials Commercialization

Volt Carbon Technologies announced the receipt of its inaugural purchase order from
Northern Ore Resources for the processing of 40,000 metric tons of vermiculite under a
commercial toll processing agreement. This substantial order marks a significant step in
accelerating the commercialization of the company's vertically integrated platform,
which converts natural graphite resources into high-value carbon products. These
products, including graphite concentrates, graphene, battery materials, and lithium
batteries, are indispensable advanced materials in modern industries, and this order

reinforces Volt Carbon Technologies' market position.

Business Details and Technology

¢ Vermiculite Processing: Vermiculite is a layered silicate mineral known for its thermal
expansion properties, utilized in various applications such as construction materials,
horticulture, and fire-resistant materials. Volt Carbon Technologies employs
proprietary technology to process this mineral, delivering high-quality products

tailored to specific industrial requirements.

¢ Vertically Integrated Platform: Volt Carbon Technologies operates a vertically
integrated business model, encompassing everything from resource extraction to final
product processing. This approach ensures stringent quality control, enhances cost

efficiency, and allows for rapid response to market demands.

e High-Value Carbon Products: The company's platform transforms natural graphite
into high-value carbon products such as graphite concentrates and graphene, which
are critical for electric vehicle battery anodes, high-performance composites,
electronic components, and energy storage systems. Furthermore, Volt Carbon
Technologies is developing materials for lithium batteries, contributing to the clean

energy technology supply chain.



Background and Industry Context

Global industries are experiencing a rapidly expanding demand for advanced carbon
materials, driven by increasing requirements for sustainability and high performance. The
proliferation of electric vehicles (EVs) and renewable energy storage systems (ESS)
particularly tightens the supply of specific carbon products like graphite and lithium
battery materials. In this context, the ability to produce high-quality carbon materials
efficiently and sustainably is a critical determinant of a company's competitiveness. Volt
Carbon Technologies' latest order demonstrates its burgeoning advantage in this

dynamic market environment.

Future Outlook and Strategic Implications

This 40,000-tonne vermiculite processing contract represents a significant milestone for
Volt Carbon Technologies, securing a new revenue stream and diversifying its business
portfolio. Building on this success, the company aims to secure further large-scale
contracts and expand its production of high-value carbon materials. In particular,
technological innovation and market expansion in the battery materials sector are
expected to be key drivers of Volt Carbon Technologies' future growth. The company is
poised to establish itself as a prominent player in the advanced materials supply chain,

leveraging its integrated capabilities to meet evolving industrial needs.

Source: https://vertexaisearch.cloud.google.com/grounding-api-redirect/AUZIYQHJkWNsif3g71VSgSi-
yg7dXsk4_vY1VAIH9-z8EE3rjjpPd-oV3qny4g1fJu8OL662BdWPY8BTHStd-
t8ChjohmITdOztU5F4LYQUVkQILyZ0qLARKKOMCLNVxF2ycCLz611-
2DrcizClzy76JvedAGsoR85zkJpD0O5rZ6rBIBKZAVFnL-6vnpB-
pcvwAzVSIFJABIc6gPkCRXqGCCqQzdOamwCyjEKbg9F9UNBTsVkSoVIL30
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#20 Asbury Advanced Materials Completes Acquisition
of Germany's Graphit Kropfmiihl GmbH, Expanding
Global Footprint and Technical Capabilities

Published July 30, 2026 AZoM USA

| overview

Asbury Advanced Materials announced the completion of its acquisition of Graphit
Kropfmihl GmbH (GK) from AMG. This acquisition marks a significant milestone in
Asbury's evolution as a global advanced materials platform, substantially expanding
its technological capabilities, diverse engineered materials portfolio, and global
presence. This move strengthens Asbury's leadership in strategic markets and enables

it to offer more comprehensive solutions to its customers.
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Key Findings: Asbury Advanced Materials Expands Global Market Reach with
Graphit Kropfmiihl GmbH Acquisition

Asbury Advanced Materials announced the successful completion of its acquisition of
Graphit Kropfmihl GmbH (GK) from AMG. This acquisition represents a pivotal milestone
in Asbury's journey to become a leading global provider of advanced material solutions.
The integration of GK will significantly enhance Asbury's technological capabilities,
broaden its diverse portfolio of engineered materials, and substantially increase its

presence in the European market.

Corporate Strategy and Acquisition Details

e Strategic Acquisition: Graphit Kropfmihl GmbH is a German company with a long
history and specialized expertise in manufacturing high-quality graphite products and
carbon-based materials. This acquisition is a critical strategic step for Asbury
Advanced Materials to establish a stronger position in rapidly growing strategic

markets such as batteries, electronics, aerospace, and thermal management.

¢ Enhanced Technical Capabilities: The integration of GK's technology and
manufacturing capabilities into Asbury's existing platform will enable more advanced
processing techniques and material development. This will allow customers access to
higher-performance, customized material solutions. Specifically, it will bolster the
supply capacity of graphite-related materials, which are essential for electric vehicle

(EV) batteries and green energy technologies.

e Expanded Global Presence: The acquisition of GK establishes manufacturing
facilities and a sales network in the European market for Asbury, further
strengthening its global supply chain. This will enable the company to provide rapid

and efficient supply to customers worldwide.



Background and Industry Context

The global advanced materials market is experiencing remarkable growth, driven by
rapid technological innovation and increasing demands for sustainability. Megatrends
such as energy storage, electrification, and lightweighting are particularly fueling the
demand for high-performance graphite and specialty carbon materials. In this
environment, material manufacturers are actively pursuing strategies of M&A to expand
their scale and expertise, thereby establishing technological advantages and global

supply capabilities.Future Outlook and Strategic Significance

Asbury Advanced Materials' acquisition of Graphit Kropfmihl GmbH lays the foundation
for the company to solidify its position as a global leader in the advanced materials
sector. This integrated entity is expected to generate significant synergies across
research and development, production, and supply chain management, enabling the
delivery of more innovative products and services. Customers are anticipated to benefit
from a broader product portfolio, enhanced technical support, and a reliable global
supply. This transaction serves as a prominent example of the accelerating evolution
within the broader advanced materials industry, shaping its future trajectory towards

more integrated and specialized solutions.

Source: https://www.azom.com/news.aspx?news|D=65660
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#21 Multifunctional Molybdenum Doping Boosts PbS
Thermoelectrics to Peak ZT 1.2, Significantly Enhancing
Conversion Efficiency

Published July 23, 2026  Advanced Functional Materials  International

| overview

In PbS-based thermoelectric materials, low-solubility molybdenum (Mo) doping was
shown to form multiple precipitates (MoS2, Sb, Pb), reduce cation vacancies, and
promote lattice planarization. This improved carrier mobility, enhancing the average
power factor from 11.7 yW cm-1 K-2 to 15.6 yW cm-1 K-2. Further selenium (Se)
alloying led to Pb0.965Sb0.015M00.02S0.8Se0.2 achieving a peak ZT value of 1.2 at

923 K, significantly improving thermoelectric conversion performance.
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Key Findings: Multifunctional Molybdenum Doping Achieves Peak ZT of 1.2 in

PbS Thermoelectric Materials

Research published in Advanced Functional Materials reveals that molybdenum (Mo)
doping dramatically enhances the thermoelectric conversion performance of lead sulfide
(PbS)-based materials. Specifically, even with low solubility, Mo undergoes diverse
chemical reactions within the PbS matrix, forming multiple precipitates (MoS2, Sb, Pb).
This optimization of the material's electrical and thermal properties results in an
impressive peak ZT value of 1.2 at 923 K, marking a significant improvement in

conversion efficiency compared to conventional materials.

Technical and Experimental Details

e Multifunctionality of Molybdenum: Despite its low solubility in PbS, Mo forms fine
precipitates of MoS2, Sb, and Pb within the grain boundaries and matrix. These
precipitates act as phonon scattering centers, effectively reducing lattice thermal

conductivity.

e Cation Vacancy Reduction and Enhanced Carrier Mobility: Mo doping
demonstrably reduces the concentration of cation vacancies (defects at Pb sites) in
PbS. This suppresses carrier scattering, leading to improved carrier mobility of free
electrons. Consequently, the material's electrical conductivity is boosted, and the
average power factor significantly enhances from the previous 11.7 yW cm-1 K-2 to
15.6 YW cm-1 K-2.

e Promotion of Lattice Planarization: Mo doping is also shown to promote
planarization within the PbS crystal lattice, which contributes to the formation of

efficient carrier transport pathways and further enhances mobility.

e Optimization through Selenium Alloying: Further optimization was achieved
through alloying with selenium (Se). The composition
Pb0.965Sb0.015M00.02S0.8Se0.2 achieved a peak ZT value of 1.2 at a relatively
moderate temperature of 923 K (approximately 650 °C). A ZT value exceeding 1.0 is
considered critically important for practical thermoelectric applications, indicating

high conversion efficiency.



Background and Industry Context

Thermoelectric materials, capable of directly converting thermal energy into electrical
energy and vice-versa, are gaining attention for applications in waste heat recovery,
solid-state cooling, and power generation. Broad applications are anticipated, including
automotive exhaust heat utilization, industrial waste heat recovery, and self-powered loT
devices. However, discovering materials with high conversion efficiency (ZT values) has
been a significant challenge in materials science due due to the need to simultaneously
optimize conflicting properties: electrical and thermal conductivity. PbS-based materials,
being relatively inexpensive and stable, have been promising candidates, but their

performance improvement faced limitations.

Future Outlook and Commercial Significance

This performance enhancement in PbS-based thermoelectric materials through Mo
doping holds the potential to significantly improve the efficiency of waste heat recovery
systems and solid-state cooling devices. The achieved ZT value of 1.2 is particularly
crucial for paving the way towards commercial applications. This research suggests that
by leveraging the multifunctionality of low-solubility dopants like Mo, it is possible to
overcome the limitations of conventional thermoelectric material design and develop
higher-performance, cost-effective materials. In the future, it is expected that this
technology will accelerate the development of highly efficient thermoelectric generation
modules and devices adaptable to various temperature ranges, driving advancements in

sustainable energy solutions.

Source: https://api.semanticscholar.org/CorpusiD:290549203
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#22 Dymax Launches 9310 Adhesive for High-
Reliability PCB Reinforcement in Advanced Al
Hardware, Curing in Seconds for Enhanced Productivity

Published Published July 31,2026  Dymax (PRNewswiref®H) USA

| overview

Dymax has launched its innovative 9310 adhesive, specifically engineered for
reinforcing fine-pitch, leadless components on printed circuit boards (PCBs). This
adhesive cures remarkably fast in mere seconds with light, providing a rapid and
efficient alternative to traditional underfills for advanced electronics and Al hardware.
This significantly enhances manufacturing throughput and improves component

reliability, crucial for next-generation computing.
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Background

The relentless advancement of cutting-edge technologies such as artificial intelligence
(Al), 5G, and the Internet of Things (IoT) has driven unprecedented miniaturization,
densification, and performance demands in electronic components. This trend
necessitates increasingly precise and delicate component mounting on printed circuit
boards (PCBs), creating substantial challenges for long-term reliability. Crucially, in high-
performance Al hardware like GPUs and NPUs, where heat generation is intense and
physical stresses are considerable, robust reinforcement of interconnects is absolutely
indispensable. Historically, ensuring this level of reliability through conventional
manufacturing processes often created significant bottlenecks for production efficiency,

fueling an urgent demand for innovative solutions.

Key Findings

Dymax has unveiled its groundbreaking 9310 adhesive, meticulously engineered to
bolster the reliability of fine-pitch, leadless components on printed circuit boards (PCBs).
This innovative material boasts an incredibly rapid cure time of mere seconds under light
exposure, establishing it as a highly efficient and superior alternative to conventional
underfill methods, particularly critical for advanced electronics and Al hardware
manufacturing. This technological leap dramatically enhances manufacturing

throughput, leading to substantial cost reductions and elevated product reliability.

e Ultra-Fast Curing for Unprecedented Efficiency: The hallmark of Dymax 9310 is its
ability to fully cure in seconds upon exposure to ultraviolet (UV) or visible light. This
revolutionary speed starkly contrasts with traditional thermal-cure underfills, which
demand minutes to hours, drastically compressing manufacturing line cycle times and

skyrocketing overall production efficiency.

e Optimized for Fine-Pitch, Leadless Components: Modern electronics, especially
high-performance processors and Al chips, rely heavily on extremely closely spaced
(fine-pitch) and leadless components. The 9310 adhesive provides robust
reinforcement for these vulnerable joints, effectively shielding them from shock and

vibration damage and thereby ensuring long-term product integrity.



e Advanced Underfill Alternative: While conventional underfilling involves a multi-
step process of liquid resin dispensing and subsequent thermal curing, Dymax 9310's
light-curable nature streamlines the application and curing process. This promises
simpler manufacturing workflows, reduced processing steps, and improved

production yields.

e Superior Material Properties for Enhanced Reliability: The adhesive exhibits critical
properties essential for high-density electronic assemblies, including exceptional
bond strength, high thermal resistance, and a low coefficient of thermal expansion
(CTE). These attributes are vital for mitigating thermal stress, preventing solder joint

fatigue, and ensuring robust performance across varying operational temperatures.

The introduction of Dymax 9310 adhesive is poised to catalyze a significant paradigm
shift within the electronics manufacturing sector. By concurrently delivering ultra-fast
curing and superior reliability, it offers the potential to dramatically improve both the
production efficiency and enduring quality of devices incorporating cutting-edge
technologies, from Al servers and high-performance mobile devices to autonomous
driving systems and sophisticated medical equipment. This strategic innovation solidifies
Dymax's position as a pivotal supplier in the advanced electronics market, destined to
play a crucial role in empowering future technological breakthroughs and driving

industry progression.

Source: https://www.bignewsnetwork.com/news/279217305/dymax-launches-9310-adhesive-for-high-

reliability-pcb-reinforcement
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#23 Nippon Paint Holdings Announces Industrial
Coatings Business Restructuring to Enhance Market
Competitiveness and Product Development Capabilities

Published July 29, 2026 openPR.com Japan

| overview

In July 2026, Nippon Paint Holdings announced a restructuring of its Japanese coating
subsidiaries to strengthen its industrial coatings business. This reorganization aims to
integrate surface treatment technologies and coating solutions, enhance product
development capabilities, and boost overall competitiveness across industrial
applications. This move is strategic for establishing market leadership, especially as
the Japanese industrial coatings market is projected to see significant growth by
2032.
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Key Findings: Nippon Paint Holdings Restructures Industrial Coatings Business

for Enhanced Competitiveness

In July 2026, Nippon Paint Holdings (Nippon Paint HD) announced a fundamental

restructuring of its Japanese industrial coatings business. This strategic reorganization

primarily aims to deeply integrate the company's surface treatment technologies with

existing coating solutions and substantially enhance its product development

capabilities. Through this initiative, Nippon Paint HD intends to further strengthen its

market competitiveness across a wide range of industrial applications, including

automotive, electronics, and construction.

Business Reorganization and Strategic Intent

Synergies through Integration: The restructuring is designed to consolidate the
expertise and resources of multiple subsidiaries, maximizing synergies across the
entire value chain, from R&D to manufacturing and sales. This will enable shorter

development cycles for new products and the provision of more innovative solutions.

Enhanced Product Development Capabilities: The integration of surface treatment
and coating technologies positions Nippon Paint HD not merely as a paint supplier
but as a 'total solution provider' capable of comprehensively supporting material
protection, functional enhancement, and aesthetic improvement. This is crucial for

responding to diversified customer needs and creating high-value-added products.

Strengthening Market Competitiveness: The Japanese industrial coatings market is
currently undergoing a period of change, driven by factors such as technological
innovation, environmental regulations, and intensifying global competition. Nippon
Paint HD's restructuring is a strategic response to this market environment, aiming to
expand market share and maintain leadership through improved cost efficiency and

an enhanced product lineup.

International Context: Concurrently, the global coatings industry is seeing active
M&A and new product launches, such as Axalta Coating Systems' launch of the
ZencoreTM Cabinet Coating System and PPG Industries' acquisition of Ozark
Materials, LLC. Nippon Paint HD's move is positioned as a strategic response within

this dynamic international competitive landscape.



Background and Industry Context

The global industrial coatings market is growing significantly, driven by various factors
such as electrification in the automotive industry, a shift towards eco-friendly materials in
construction, and enhanced performance in electronic devices. Demand for durability,
functionality, and reduced environmental impact is particularly high, requiring materials
manufacturers to provide innovative solutions that balance these requirements. These
global trends are strongly reflected in the Japanese market, compelling the coatings

industry to pursue new technological innovations and business model transformations.

Future Outlook and Strategic Significance

Nippon Paint HD's industrial coatings business restructuring is part of a long-term
strategy anticipating market growth through 2032. With an integrated organizational
structure and enhanced product development capabilities, the company aims to lead
next-generation industrial coating technologies and build a foundation for sustained
growth in both domestic and international markets. This is expected to contribute to the
improved competitiveness of Japanese manufacturing and play a crucial role in
accelerating the adoption of high-performance and environmentally friendly material

solutions.

Source: https://www.openpr.com/news/4590465/united-states-industrial-coatings-market-2032-growth-

drivers
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#24 Hempel Launches Hempafire Optima 515,
Reducing Paint Consumption with Fire Protection
Coatings for Steel Structures up to 150-Minute Fire
Rating

Published Published July 30, 2026 Hempel A/S

| overview

Hempel A/S has launched Hempafire Optima 515, a new water-borne cellulosic
passive fire protection (PFP) coating designed for steel structures in civil
infrastructure. This novel intumescent solution provides up to 150 minutes of fire
resistance, while significantly reducing paint consumption and total application costs.
Compliant with BS 476 standards, the product offers a compelling balance of safety,

sustainability, and economic efficiency for the construction sector.
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Background

The construction industry faces an intricate challenge: balancing increasingly stringent
fire safety regulations with pressing demands for environmental responsibility and
project cost efficiency. Passive Fire Protection (PFP) coatings are crucial for enhancing the
fire resistance of steel structures, yet their application has historically presented hurdles
in terms of material consumption, environmental impact from volatile organic
compounds (VOCs), and labor costs. Addressing these multifaceted requirements, global
coatings supplier Hempel A/S has introduced a new solution aiming to redefine the

standards for fire protection.

Key Findings

Hempel A/S, a global coatings supplier headquartered in Denmark, has unveiled
Hempafire Optima 515, a groundbreaking addition to its water-borne cellulosic passive
fire protection (PFP) product range. This novel intumescent coating is engineered to
safeguard internal steel structures in civil infrastructure projects, offering a formidable

fire rating while simultaneously optimizing material use and reducing total applied costs.

Optimized Performance and Sustainability:

e Water-Borne Cellulosic PFP: Hempafire Optima 515 distinguishes itself as an
environmentally conscious, water-based cellulosic fire protection coating. Its
formulation significantly reduces the reliance on harmful organic solvents, thereby

mitigating environmental impact and enhancing applicator safety.

¢ Reduced Paint Consumption: A core innovation lies in its optimized formulation and
application technology, which achieves the required fire performance with a
remarkably thinner film thickness. This translates directly into reduced material usage,

lower logistical expenses, and decreased waste disposal costs across projects.

¢ Reduced Total Applied Cost: Beyond material savings, the coating is designed for
enhanced application efficiency. This leads to shorter installation times and reduced
labor requirements, substantially lowering the total applied cost for entire

construction projects.



e Up to 150-Minute Fire Rating: Compliant with rigorous BS 476 standards,
Hempafire Optima 515 provides robust protection for steel structures, offering up to
150 minutes of fire resistance. This critical safety feature ensures ample evacuation
time for building occupants and prevents premature structural collapse, safeguarding

lives and assets.

e Targeted Applications: This coating is particularly well-suited for diverse civil
infrastructure projects, including commercial facilities, office buildings, educational
institutions, and healthcare facilities, where both occupant safety and project cost-

efficiency are paramount design considerations.

Strategic Impact and Future Outlook:

The introduction of Hempafire Optima 515 solidifies Hempel's leadership in driving
innovation and sustainability within the fire protection coatings market. This product
offers designers, contractors, and end-users a safer, more economical, and
environmentally responsible solution. It is anticipated to accelerate the development of
similar high-performance, eco-conscious fire protection materials, setting a new
benchmark for intumescent coatings and contributing significantly to the overall

improvement of safety and sustainability within the global construction industry.

Source: https://vertexaisearch.cloud.google.com/grounding-api-
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#25 Lead-Free KO.5Na0.5NbO3 Piezoelectric Composite

Film Developed for Self-Powered Wearable Movement
Monitoring and Pressure Sensing

Published July 24, 2026  ResearchGate (Journal of Materials Science: Materials in Electronics)

International

| overview

A flexible, lead-free piezoelectric composite film based on K0.5Na0.5NbO3 has been
developed for self-powered wearable movement monitoring and pressure sensing.
This research establishes a foundational methodology for alternative materials in
next-generation smart sensing devices, with potential applications in medical
ultrasound, tactile sensors, wearables, MEMS, and |oT power generation. This material

holds promise for contributing to sustainable and environmentally friendly electronic

devices.
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Key Findings: Flexible Lead-Free Piezoelectric Composite Film Developed for

Self-Powered Wearable Sensors

Researchers have developed a flexible, lead-free piezoelectric composite film based on
potassium sodium niobate (K0.5Na0.5NbO3, KNN). This film is intended for self-powered
wearable movement monitoring and pressure sensing devices, paving the way for
environmentally friendly alternative materials in next-generation smart sensing
technologies. The emergence of this material represents a significant step towards

enhancing the sustainability of electronic devices.

Technical and Experimental Details

e KO0.5Na0.5NbO3 (KNN) Basis: As conventional lead-based piezoelectric materials
(e.g., PZT) face increasing environmental regulations, KNN stands out as a promising
lead-free alternative that exhibits excellent piezoelectric properties. In this study, KNN
nanoparticles were compounded into a polymer matrix to create a film that offers

both flexibility and durability.

¢ Flexible Piezoelectric Composite Film: The developed film possesses high flexibility,
allowing it to conform to biological tissues and clothing movements, making it ideal
for wearable devices. Through the piezoelectric effect, it converts mechanical
deformation (movement or pressure) into electrical signals, enabling the sensor to

operate without an external power source.

¢ Self-Powered Movement Monitoring: By converting minute mechanical energy
generated by body movements or joint flexion/extension into electrical energy and
using it to power its own sensor operation, the film enables long-term movement

monitoring without the need for battery replacement.

¢ Pressure Sensing: The film can detect applied pressure with high sensitivity, offering
potential applications in tactile sensors and medical diagnostics (e.g., pulse and

respiration monitoring).



Background and Industry Context

The increasing adoption of wearable devices and loT technologies has led to a surge in
demand for small, high-performance, and sustainable sensors. For wearable devices,
which are used on the body for extended periods, battery life and the inconvenience of
replacement have been significant challenges. Furthermore, materials containing heavy
metals like lead are increasingly restricted due to environmental regulations. Lead-free,
self-powered piezoelectric materials are key to resolving these issues and realizing next-

generation, environmentally conscious electronics.

Future Outlook and Strategic Significance

This K0.5Na0.5NbO3-based flexible lead-free piezoelectric composite film will enable
innovative applications across diverse fields, including medical ultrasound probes, haptic
sensors, smart wearables, micro-electromechanical systems (MEMS), and distributed loT
power generation. The foundational methodology established in this research is
expected to accelerate the development of next-generation smart sensing devices and
contribute significantly to the construction of a more environmentally friendly and self-

sustaining electronics society, marking a notable advancement in green electronics.

Source: https://www.researchgate.net/publication/382348554_A_flexible_lead-
free_piezoelectric_composite_film_based_on_K0.5Na0.5NbO3_piezoelectric_nanogenerator_for_self-

powered_wearable_movement_monitoring_and_pressure_sensing
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#26 Al Materials Science Startup CuspAl Raises $450
Million, Launches ‘Al Materials Foundry' with Nvidia,
Meta, Hyundai, and Over 45 Partners

Published July 24, 2026 Al Funding Tracker UK

| overview

CuspAl, a UK-based startup leveraging Al for novel industrial material discovery,
announced a $450 million Series B funding round from investors including Kleiner
Perkins, NEA, Jeff Bezos's Bezos Expeditions, and the UK government's Sovereign Al
Venture Fund, valuing the company at $2.6 billion. The company also launched an 'Al
Materials Foundry' with over 45 partners, including Nvidia, Meta, and Hyundai, to
accelerate the commercialization of Al-driven material discovery. This significant

funding highlights Al's transformative potential in materials science.
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Key Findings: Al Materials Science Startup CuspAl Secures $450 Million,

Launches 'Al Materials Foundry'

CuspAl, a UK-based startup harnessing artificial intelligence (Al) to discover innovative
industrial materials, announced a substantial Series B funding round, securing $450
million. This significant investment values the company at $2.6 billion. Key investors
include Kleiner Perkins, NEA, Jeff Bezos's Bezos Expeditions, and the UK government's
Sovereign Al Venture Fund. Concurrently, CuspAl has launched the 'Al Materials
Foundry," a collaborative initiative involving over 45 partners, including industry giants
such as Nvidia, Meta, and Hyundai, signaling a strategic acceleration towards the

commercialization of Al-driven material discovery.

Funding and Business Strategy

¢ Major Capital Infusion: The $450 million Series B funding reflects strong investor
confidence in the potential of Al within materials science. This capital will be deployed
to strengthen CuspAl's research and development capabilities, scale up its Al

platform, expand its talent pool, and accelerate the discovery of new materials.

e Establishment of Al Materials Foundry: The 'Al Materials Foundry' is a collaborative
ecosystem designed to merge CuspAl's Al platform with the specialized expertise of
its diverse partners, such as Nvidia's computing power, Meta's Al research, and
Hyundai's industrial application know-how. This collaborative model will enable the
rapid design, simulation, and optimization of new materials tailored to specific
industry needs. Participating companies represent various sectors, including

semiconductors, automotive, chemicals, and energy.

e $2.6 Billion Valuation: The high valuation of $2.6 billion achieved in a short period
underscores the disruptive potential of CuspAl's technology and the vast market
opportunities it presents. This suggests that Al holds the promise to fundamentally

transform material design processes and drive a new industrial revolution.



Background and Industry Context

Traditionally, the development of new materials has been a time-consuming and costly
process, often relying on extensive trial and error. However, advancements in Al and
machine learning have dramatically enhanced material simulation and prediction
capabilities at the atomic and molecular levels, enabling efficient navigation of the vast
exploration space. This increases the likelihood of discovering materials with unique
properties more rapidly and cost-effectively, which were previously difficult to find. Such
technological innovation is crucial for achieving a sustainable society and advancing

high-performance electronic devices.

Future Outlook and Strategic Significance

CuspAl's substantial funding and the launch of the 'Al Materials Foundry' mark a pivotal
turning point for Al-driven materials science, transitioning it into a phase of commercial
viability. This collaborative model is expected to bridge theoretical Al advancements with
practical industrial needs, dramatically shortening the timeline from material discovery to
real-world application. Innovative Al-designed materials are anticipated to impact
diverse fields such as energy-efficient devices, eco-friendly catalysts, and next-
generation batteries, with CuspAl positioned to play a pioneering role in this

transformative era.

Source: https://aifundingtracker.com/ai-startup-funding-news-today/
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#27 UC Riverside Develops Transparent, Self-Healing
Polymer Material with 50x Stretchability,
Revolutionizing Electronics Durability

Published July 24, 2026  Futures Platform  USA

| overview

Scientists at the University of California, Riverside, have developed a groundbreaking
polymer material that is transparent, self-healing, and can stretch up to 50 times its
original length. This material, created by combining a polar stretchable polymer with
an ionic salt, possesses the remarkable ability to autonomously self-heal within 24
hours. It promises to significantly enhance the performance and durability of
smartphones, robots, and other electronic devices, with further applications

envisioned in self-healing robots and biosensors.
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Key Findings: UC Riverside Develops Transparent, Self-Healing Polymer with

50x Stretchability for Electronics Innovation

A team of scientists at the University of California, Riverside, has developed a
groundbreaking polymer material that combines transparency, self-healing capabilities,
and an astonishing stretchability. This novel material can be stretched up to 50 times its
original length and autonomously repairs itself within 24 hours of damage. This
breakthrough is poised to fundamentally transform the durability and functionality of
smartphones, robots, and other electronic devices, promising extended product lifespans

and significant reductions in maintenance costs.

Technical and Material Details

e Material Composition: This innovative polymer material was developed by skillfully
combining a specific polar stretchable polymer with an ionic salt. By possessing
characteristics of both ionic and covalent bonds, the material achieves both high

flexibility and self-healing capability simultaneously.

e Extraordinary Stretchability: The developed material exhibits exceptional
mechanical properties, capable of stretching up to 50 times its original length. This
makes it ideally suited for applications requiring high flexibility, such as flexible

displays, wearable electronics, and soft robotics.

e Autonomous Self-Healing: Even when the material is scratched or cut, the damaged
areas autonomously rejoin within a relatively short period of 24 hours, without
external intervention, largely restoring its original strength. This self-healing ability
dramatically improves product reliability and reduces the need for replacements due

to failure.

e Transparency: Given its transparency, the material is suitable for applications in
electronic devices that require light transmission, such as displays and optical sensors.
This directly contributes to the realization of self-healing smartphone screens and

tablet covers, for example.



Background and Industry Context

Modern electronic devices, while becoming more powerful and compact, face the
unavoidable challenge of damage from drops, impacts, and daily wear and tear. Damage
to displays or casings, in particular, shortens product lifespans and accelerates
replacement cycles. In the field of robotics, a major goal is the development of 'soft
robots' that are more human-like in their flexibility and can self-repair when damaged.
Self-healing materials have been a long-standing research focus as a fundamental

solution to these challenges.

Future Outlook and Strategic Significance

The transparent, self-healing, and stretchable polymer material developed at UC
Riverside has the potential to significantly impact various industrial sectors. The most
direct applications include improving the durability of existing electronic devices such as
smartphone screens, protective cases, and wearable device exteriors. Furthermore, in the
future, it could pave the way for new products and systems previously unimaginable,
such as self-healing soft robot skin, advanced biosensors, and medical implants. This
material is recognized as an innovative technology that extends the lifespan of electronic

devices and reduces waste, contributing to the realization of a sustainable society.

Source: https://www.futuresplatform.com/self-healing-electronics
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#28 Shape Memory Alloy Review Highlights Actuator
Applications Across Automotive, Aerospace, Robotics,
and Biomedical Sectors

Published July 23, 2026  ResearchGate (Materials and Design) International

Automotive Aerocace

| overview

This comprehensive review describes the latest research and commercial applications
of Shape Memory Alloys (SMAs), focusing particularly on their use as actuators in the
automotive, aerospace, robotics, and biomedical fields. It emphasizes that SMAs have
garnered significant commercial attention due to their unique and excellent
properties, with fundamental and applied research supporting their development.
This reaffirms the importance of SMAs in the development of next-generation smart

systems.
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Key Findings: Shape Memory Alloys (SMAs) Gain Widespread Attention for

Actuator Applications Across Diverse Fields

A recently published comprehensive review paper on Shape Memory Alloys (SMAs)
highlights that their unique and superior properties are attracting significant attention
for actuator applications across a wide range of fields, including automotive, aerospace,
robotics, and biomedicine. This review encompasses both fundamental research and
commercial applications of SMAs, clearly demonstrating their indispensable role in next-

generation smart systems and devices.

Technical and Application Details

e Shape Memory Effect and Superelasticity: The primary characteristics of SMAs are
the 'shape memory effect," where they return to a pre-defined shape upon specific
temperature changes, and 'superelasticity,' where they revert to their original shape
after undergoing large deformations when stress is removed. These properties are
based on a change in crystal structure known as martensitic phase transformation.
This enables SMAs to serve as compact actuators, replacing complex mechanical

components.

e Automotive Applications: SMAs are being applied in automated opening/closing
mechanisms, sensors, and engine thermal management systems aimed at improving
fuel efficiency in automobiles. Their use is advancing in components requiring
precision and reliability, such as automatic transmission clutch systems and active

suspension systems.

e Aerospace Applications: As lightweight, high-power actuators, SMAs are utilized in
aircraft flap control, morphing wings, and deployable structures for spacecraft (e.g.,
antennas, solar panels). This allows for reduced system complexity and weight while

improving reliability.

e Robotics Applications: SMAs are employed as actuators to achieve flexible and
precise movements in soft robotics, microrobots, and prosthetic limbs. Their

compactness and flexibility offer advantages over conventional motor-driven systems.



e Biomedical Applications: They are applied in medical implants (e.g., stents,
orthodontic wires), surgical instruments, and drug delivery systems that function
within the body. Biocompatible nickel-titanium alloys (NiTi, Nitinol) are particularly

widely used in this field.

Background and Industry Context

Since the discovery of their properties in the 1960s, shape memory alloys have been the
subject of intensive research in materials science and engineering. Their unique
characteristics enable the design of compact, lightweight, flexible, and silent actuators—
capabilities difficult to achieve with traditional motor, hydraulic, or pneumatic systems. In
recent years, advancements in material composition optimization, processing techniques,
and simulation technologies have significantly improved SMA reliability and

performance, accelerating their commercial adoption.

Future Outlook and Strategic Significance

This review reconfirms the immense application potential of SMAs and outlines future
directions for research and development. Especially as the integration of smart materials
and loT progresses, SMAs are expected to become core components of next-generation
devices with self-sensing and self-regulating functions. Through further materials
scientific exploration and engineering design optimization, SMAs are anticipated to be
integrated into a wider range of products and systems, bringing transformative changes
to our lives and industries. This will accelerate the realization of energy-efficient systems,

safer medical devices, and more intelligent robots.

Source:

https://www.researchgate.net/publication/260799653_A_review_of_shape_memory_alloy_research_applications_
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#29 UC San Diego Innovates Optical Computing with
Quantum Metamaterials, Achieving Over 1000x
Infrared-to-Visible Light Conversion Efficiency

Published July 30, 2026  UC San Diego Today  USA

E .S

| overview

Researchers at UC San Diego are pursuing ‘quantum metamaterials,’ a new frontier
utilizing nanoscale quantum materials as active components, aiming to realize ultra-
compact optical computing systems. They discovered that metamaterials composed
of multiple metallic quantum wells achieve over 1000 times greater efficiency in
converting ultrafast infrared light pulses into visible light compared to conventional
metallic structures. This breakthrough opens the door to devices with smaller, faster,

and more controllable optical and electronic properties.
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Key Findings: UC San Diego Revolutionizes Optical Computing with Quantum
Metamaterials, Achieving Over 1000x IR-to-Visible Light Conversion Efficiency

Researchers at the University of California San Diego (UC San Diego) are pioneering
‘quantum metamaterials'—a new frontier that leverages nanoscale quantum materials as
active components—with the aim of realizing ultra-compact optical computing systems.
They have discovered that metamaterials comprising multiple metallic quantum wells
exhibit over 1000 times greater efficiency in converting ultrafast near-infrared (IR) light
pulses into visible light compared to conventional metallic structures. This
groundbreaking achievement enables the development of devices with smaller

footprints, higher speeds, and more controllable optical and electronic properties.

Technical and Experimental Details

e Concept of Quantum Metamaterials: Metamaterials are artificially engineered
structures designed to possess electromagnetic properties not found in nature.
Quantum metamaterials extend this concept by utilizing nanoscale quantum
materials (such as quantum wells and quantum dots) as structural elements, thereby
precisely controlling light-matter interactions at the quantum level. This allows for
significantly faster and more efficient modulation of optical responses than traditional

metamaterials.

e Leveraging Metallic Quantum Wells: This research employed metamaterials with a
layered structure of multiple metallic quantum wells. Quantum wells are
semiconductor layers where electrons are confined to the nanoscale, exhibiting
quantum mechanical properties where light is absorbed and emitted only at specific
energy levels. These quantum wells efficiently interact with ultrafast light pulses,

amplifying nonlinear optical effects.

e Over 1000x Enhanced Ultrafast IR-to-Visible Light Conversion Efficiency: The
research team demonstrated that these quantum metamaterials achieve over 1000
times greater conversion efficiency in transforming ultrafast IR light pulses (near the
terahertz band) into visible light (a much higher frequency) compared to conventional
metallic nanostructures. This exceptional efficiency is attributed to a dramatic

enhancement in optical nonlinearity.



e Ultra-Compact Optical Computing: Traditional optical computing systems have
been limited by their size and speed due to complex optical paths and large
components. By utilizing quantum metamaterials, light manipulation can occur at the
nanoscale, enabling the design of optical computing devices that are smaller and

capable of faster data processing.

Background and Industry Context

Information processing technology is approaching the physical limits of Moore's Law,
leading to increasing interest in optical computing as a next-generation paradigm. While
light can transmit information faster than electrons, efficiently manipulating and
miniaturizing light has been a long-standing challenge. Metamaterials have been
considered a promising approach to overcome this, but their properties were primarily
passive. Incorporating quantum materials allows metamaterials to possess active
functionalities, opening up the possibility of dynamically controlling light properties at

the quantum level.

Future Outlook and Strategic Significance

UC San Diego's research breakthrough is poised to enable the development of ultra-
compact optical computing systems, quantum information processing, highly efficient
optical communications, and even new types of quantum sensors and imaging devices.
The over 1000x conversion efficiency has the potential to fundamentally alter the power
consumption-to-performance ratio in these applications. In the future, this quantum
metamaterial technology is expected to form the next frontier of information

technology, providing a key solution to current computing bottlenecks and driving a new

era of innovation.

Source: https://today.ucsd.edu/story/quantum-metamaterials
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#30 Multifunctional Photonic Crystals Overcome Long-
Standing Trade-Off in Light Control, Enabling High-Q
Resonance and Wavefront Shaping for AR/VR, LiDAR

Published July 27, 2026 ~ AZoOptics International

Multifunctional photonic Crystals overcoming long-standing
challenges inigh-Q rescance and wavefortfor ARNR and LiDAR:

High spatial freedom and high Q factor

July 27, 2026 AZoOptics

INTERNATIONAL

| overview

Researchers experimentally demonstrated multifunctional photonic crystals that
combine high spatial degrees of freedom with high-Q factor resonances, overcoming
a long-standing tradeoff in flat optics. By introducing ‘metanotches' into single-layer
photonic crystal devices made of titanium dioxide (TiO2) nanopillars, they enabled the
coexistence of localized wavefront shaping and high-Q quasi-BIC resonances. This
promises applications in next-generation optical technologies such as AR/VR, LiDAR,

communications, acoustic and thermal control, and sensors.
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Key Findings: Multifunctional Photonic Crystals Overcome Fundamental Trade-

off in Light Control

A team of researchers has successfully overcome a long-standing challenge in flat optics:
the simultaneous realization of high spatial degrees of freedom (wavefront shaping) and
high-Q factor resonances. By introducing specialized structures dubbed ‘metanotches’
into single-layer photonic crystal devices composed of titanium dioxide (TiO2)
nanopillars, they experimentally demonstrated the coexistence of localized wavefront
shaping capabilities and extremely high-Q factor quasi-Bound States in the Continuum
(quasi-BIC) resonances. This breakthrough has significant implications for next-
generation optical technologies, including AR/VR, LiDAR, and high-speed

communication systems.

Technical and Device Details

¢ Challenges in Flat Optics: Traditional optical lenses and mirrors suffer from
limitations in miniaturization and multifunctionality due to their bulk and complex
shapes. Flat optics, such as metalenses, control light with thin films but typically face a
trade-off where enhancing wavefront shaping capabilities leads to increased optical

losses and reduced Q-factors.

e Multifunctional Photonic Crystal Composition: The newly developed device is
based on a single-layer photonic crystal consisting of nanopillar structures fabricated
from titanium dioxide (TiO2), a high-refractive-index material. This material exhibits
high transparency across a broad spectrum from visible to near-infrared light and

boasts high compatibility with CMOS manufacturing processes.

¢ Introduction of 'Metanotches': ‘Metanotches,' specific geometric features, were
introduced into the conventional photonic crystal structure. These metanotches
precisely and locally control the light's path and interactions within the device, while
simultaneously enhancing light confinement. This enables the maintenance of high-Q
factor quasi-BIC resonances. This unprecedented capability allows for highly efficient
energy storage within specific frequency bands of optical signals, coupled with

precise wavefront shaping.



e Coexistence of High-Q Quasi-BIC Resonance and Wavefront Shaping: Quasi-BIC
resonances leverage the physical phenomenon of 'bound states in the continuum,’
which theoretically possess infinite Q-factors, enabling very high Q-factors in practice.
This high-Q resonance prolongs the interaction time between light and matter,
facilitating high-sensitivity and high-efficiency applications like photodetectors and
nonlinear optics. Concurrently, localized wavefront shaping via metanotches allows

for flexible control over light's focal position, polarization state, and phase.

Background and Industry Context

Next-generation optical devices demand miniaturization, lightweighting,
multifunctionality, and low power consumption. There is a surging demand for
innovative flat optics in diverse fields, including augmented reality/virtual reality (AR/VR)
headsets, LiDAR systems crucial for autonomous vehicles, high-speed modulators in
optical communication, and high-precision sensors. This breakthrough resolves
fundamental design constraints faced by these technologies, enabling the development

of higher-performance and more compact devices.

Future Outlook and Strategic Significance

This multifunctional photonic crystal is expected to find extensive applications in
enhancing the visual experience of AR/VR devices, improving the ranging accuracy and
efficiency of LiDAR systems, expanding data transmission speeds and capacities in
optical communications, and advancing fields such as acoustic control, thermal
management, and high-sensitivity sensors. Crucially, a technology capable of controlling
light-matter interactions with such high degrees of freedom and efficiency also opens
new avenues for light-based quantum computing and the development of novel optical
sensing platforms. This research marks a significant step in shaping the future of flat

optics, with profound implications for numerous advanced technological sectors.

Source: https://www.azooptics.com/news.aspx?news|D=32598
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#31 Innovative Hexagonal Fins Boost Latent Heat
Thermal Energy Storage System Efficiency by 13.25%,
Aiding Electronic Component Thermal Management

Published July 30, 2026  AIP Publishing (Journal of Applied Physics) International

| overview

The use of innovative hexagonal fins has been proposed and numerically
demonstrated to improve the efficiency of Phase Change Material (PCM)-based
Latent Heat Thermal Energy Storage (LHTES) systems. Simulation results show that
hexagonal fins significantly enhance the thermal performance of the storage unit,
reducing the total melting time by 13.25%. This achievement is critical for improving
the efficiency of PCM utilization in electronic component thermal management and

renewable energy storage systems.
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Key Findings: Innovative Hexagonal Fins Reduce PCM Melting Time by 13.25%

in Latent Heat Thermal Energy Storage Systems

In research published in the Journal of Applied Physics, the use of innovative hexagonal
fins has been proposed and meticulously demonstrated through numerical simulations
to significantly enhance the thermal performance of Phase Change Material (PCM)-based
Latent Heat Thermal Energy Storage (LHTES) systems. This novel fin design substantially
improves the thermal performance of the storage unit, showing a 13.25% reduction in
the total melting time of the PCM compared to existing fin structures. This breakthrough
is poised to make a considerable contribution to advanced thermal management of
electronic components and to improving the efficiency of PCM utilization in renewable

energy storage systems.

Technical and System Details

e Latent Heat Thermal Energy Storage (LHTES) Systems: LHTES systems store
energy by utilizing the latent heat absorbed or released when Phase Change
Materials (PCMs) undergo a phase transition from solid to liquid or vice versa. Due to
their high energy density and isothermal heat storage capability, PCMs are gaining
attention in various fields, including auxiliary systems for batteries and heat pumps,

building HVAC, and thermal management of electronic devices.

¢ Challenge of Heat Transfer Enhancement: While PCMs possess high latent heat,
they typically suffer from low thermal conductivity. Therefore, heat transfer
enhancement techniques are indispensable to accelerate heat transfer within the PCM
and improve charging/discharging rates. The introduction of fins (heat transfer

promoters) is a common solution to this challenge.

¢ Innovative Hexagonal Fin Design: In this study, hexagonal fins were proposed as an
alternative to conventional rectangular or circular fins. This design efficiently
maximizes the heat exchange surface area and optimizes natural convection within
the PCM. The hexagonal shape excels at uniformly and rapidly dispersing heat from

the heat source throughout the PCM.



e Numerical Simulation Validation: Advanced Computational Fluid Dynamics (CFD)
simulations were employed to meticulously analyze the thermal behavior of an LHTES
system incorporating hexagonal fins. Simulation results clearly demonstrated that the
hexagonal fin design significantly accelerated the melting rate of the PCM, leading to
a 13.25% reduction in total melting time compared to systems without fins or with
other fin geometries. This indicates a substantial improvement in heat exchange

efficiency.

Background and Industry Context

High-performance electronic components, particularly CPUs and GPUs, generate
considerable amounts of heat during operation. Inefficient heat management can lead to
performance degradation and reduced lifespan of these components. PCMs are
considered an effective solution for suppressing component temperature rise by
absorbing heat at specific temperatures, but their low thermal conductivity has been a
bottleneck. Furthermore, as renewable energy sources (solar, wind) are intermittent,

thermal energy storage technologies are crucial for ensuring their stable supply.

Future Outlook and Strategic Significance

The demonstrated performance improvement in LHTES systems using hexagonal fins
provides a vital guideline for designing more efficient and reliable PCM-based cooling
systems in thermal management solutions for electronic components. Moreover, in
large-scale thermal energy storage applications, such as concentrated solar power plants
and industrial waste heat recovery systems, this design holds the potential to improve
charging/discharging efficiency and optimize system operating costs and effectiveness.
Moving forward, incorporating this hexagonal fin design into actual devices and
validating its performance is expected to accelerate the practical implementation of

high-performance thermal management and energy storage solutions across industries.

Source: https://aip.scitation.org/doi/10.1063/5.0210217
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#32 Transparent Self-Healing Polyurethane Elastomer
Based on Hydrogen Bonding Developed, Achieving
Nearly 100% Repair Efficiency for E-Skins and
Protective Coatings

Published July 28, 2026  ACS Publications (Chemistry of Materials) USA

| overview

Researchers have developed a method to prepare self-healing PUI films by
crosslinking isophorone diisocyanate (IPDI) monomer with polyurethane (PU)
precursors. This PUI film exhibits nearly 100% self-healing efficiency, with hydrogen
bonding being crucial for achieving rapid morphological recovery at moderate
temperatures. This innovative material holds promise for applications in
manufacturing next-generation flexible electronics, such as electronic skins, sensor

devices, and protective coatings.
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Key Findings: Transparent Self-Healing Polyurethane Elastomer Developed with

Near 100% Repair Efficiency via Hydrogen Bonding

In research published in Chemistry of Materials by ACS Publications, researchers have
developed a transparent polyurethane-isophorone-diisocyanate (PUI) elastomer film
with exceptional self-healing capabilities by effectively crosslinking isophorone
diisocyanate (IPDI) monomer with polyurethane (PU) precursors. This groundbreaking
PUI film has been demonstrated to achieve rapid morphological recovery at moderate
temperatures, mediated by hydrogen bond interactions, exhibiting a self-healing
efficiency of nearly 100%. This achievement has significant implications for the field of

flexible electronics.

Technical and Material Details

e Material Design and Synthesis: The research team designed a PUI polymer with an
abundant hydrogen bonding network by mixing IPDI monomer and PU precursors in
specific ratios and polymerizing them. These hydrogen bonds are key to the

material's mechanism of breaking upon damage and subsequently re-forming.

¢ Self-Healing Mechanism: When physical damage (e.g., cuts or cracks) occurs in the
PUI film, hydrogen bonds are temporarily broken. Subsequently, by placing the
material at a relatively low temperature (e.g., room temperature to a few tens of
degrees Celsius), the broken hydrogen bonds autonomously re-form, restoring the
damaged area to its original state. The study reports a self-healing efficiency of nearly

100%, suggesting that the material fully recovers its original functionality.

e Transparency and Flexibility: The developed PUI film combines high transparency
with excellent flexibility. This makes it ideal for applications requiring both optical
properties and mechanical flexibility, such as displays, optical sensors, and wearable

devices.

¢ Durability and Reproducibility: The self-healing effect has been shown to be
maintained over multiple repair cycles, ensuring the long-term durability and

reliability of the material.



Background and Industry Context

Modern electronic devices are advancing in performance, miniaturization, and flexibility,
yet they face the unavoidable challenge of damage from drops and everyday wear.
Particularly in fields like flexible electronics, wearable sensors, and electronic skin, where
materials are subjected to repeated deformation and external physical stress, self-healing
capability is an indispensable property for extending product lifespan and improving
reliability. Conventional materials often had limited self-healing functions or required

high temperatures or specific chemicals, posing barriers to practical implementation.

Future Outlook and Strategic Significance

This transparent self-healing PUI elastomer, based on hydrogen bond interactions, is
expected to find applications in a wide range of next-generation electronic devices.
Specifically, it could be used in electronic skin that senses touch and self-heals like
human skin, highly sensitive and durable sensor devices, self-healing coatings to protect
smartphone and tablet displays, and even as a skin material for soft robots. This
technology promises to dramatically improve the sustainability and user experience of

electronic devices, opening new possibilities for the design of future smart devices.

Source: https://pubs.acs.org/doi/abs/10.1021/acs.chemmater.6c00123
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#33 Novel Phase-Change Material Polarizer Switches
Light States with Heat, Sustains Structure without
Continuous Power, Replacing Bulky Mechanical
Rotators for Faster Optical Communication

Published July 27, 2026  Reddit (r/science, Light: Advanced Manufacturing journal)

International

| overview

A new phase-change material (PCM) polarizer has been developed, reported to switch
the state of light via heat and maintain its structure without continuous power. This
eliminates the need for bulky mechanical rotators in optical communication systems,
contributing to system miniaturization and improved reliability. This innovative PCM
polarizer promises to enable faster optical communication, with significant potential

to enhance the performance of data centers and optical fiber networks.
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Key Findings: Novel Phase-Change Material Polarizer Revolutionizes Optical

Communication by Eliminating Mechanical Rotators

According to research published in Light: Advanced Manufacturing, a novel phase-
change material (PCM) polarizer has been developed that can switch the state of light
using thermal input and, crucially, maintain its structural configuration without requiring
continuous power. This groundbreaking technology replaces the bulky mechanical
rotators previously essential in optical communication systems, enabling unprecedented
system miniaturization, enhanced reliability, and higher operating speeds. This marks a
significant advancement for an optical communications industry grappling with

challenges in data transmission efficiency and power consumption.

Technical and Operational Details

¢ Principle of PCM Polarizer Operation: The developed PCM polarizer leverages the
material's property of reversibly changing its crystalline or amorphous structure via
external thermal input. This phase change alters the material's optical properties,
particularly its response to light polarization. A key feature is that once a thermal
pulse is applied, the material 'remembers' a specific polarization state and can

maintain it without continuous power consumption.

¢ Elimination of Mechanical Rotators: Conventional optical communication systems
often use physically rotating mechanical components (polarization rotators) to adjust
the polarization state of light. These movable parts inherent limitations in terms of
speed, size, reliability, and power consumption. The PCM polarizer completely
replaces such mechanical components, dramatically reducing the system footprint

and mitigating failure risks.

e Applications in High-Speed Optical Communication: The absence of moving parts
allows for extremely rapid switching of light states. This enables faster modulation
and demodulation in optical interconnects within data centers and long-haul optical
fiber networks, directly translating to increased data transmission speeds and
bandwidth.



¢ Low Power Consumption: The 'non-volatile' nature of the device—requiring no
continuous power once a state is switched—significantly improves the overall energy
efficiency of optical communication devices. This contributes to substantial

operational cost reductions, especially in large-scale data centers and base stations.

Background and Industry Context

With the advancement of the information society, data transmission volumes are
increasing explosively, and optical communication serves as the backbone of modern
digital infrastructure. However, further increases in speed and energy efficiency of optical
communication systems are essential to meet this growing data demand. Physical
constraints and power consumption issues in conventional optical devices have been
inhibiting this evolution. Non-mechanical, high-speed, and low-power optical control
technologies have been urgently sought as key solutions to the industry's pressing

challenges.

Future Outlook and Strategic Significance

The advent of this novel phase-change material polarizer has the potential to
revolutionize optical communication technology. In data center design, it will enable
more compact and low-power optical modules, enhancing communication speeds
between servers. In long-haul optical fiber networks, it will resolve signal processing
bottlenecks, allowing for faster information transmission. In the future, this technology is
expected to be applied in fields such as next-generation optical computing and quantum
communication, further evolving the foundation of the digital society. This will accelerate
the construction of energy-efficient, faster, and more reliable communication

infrastructure globally.

Source:
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#34 Google DeepMind's Al and Quantum Physics
Discover Two 'Impossible’ Superconductors,
Revolutionizing Energy, Computing, and Transport

Published July 23, 2026  YouTube (Channel: Al & Generative Tech) USA

| overview

According to a paper published on June 29, 2026, Google DeepMind's GNoME
project combined artificial intelligence and quantum physics calculations to identify
two new superconducting materials previously deemed impossible under
conventional understanding. The GNoME project used deep learning to predict the
stability of 2.2 million new crystal structures, confirming 380,000 as the most stable
known material configurations. This breakthrough holds the potential to revolutionize

the future of energy, computing, and transport.



| N DEPTH

Key Findings: Google DeepMind's Al and Quantum Physics Discover Two

‘Impossible’ Superconductors

According to a groundbreaking paper published on June 29, 2026, Google DeepMind's
GNoME (Graph Networks for Materials Exploration) project, by combining artificial
intelligence (Al) with quantum physics calculations, has identified two novel
superconducting materials previously considered impossible to find under conventional
understanding of superconductors. This astonishing discovery clearly demonstrates Al's
capacity to efficiently navigate complex materials science exploration spaces and
uncover materials that were difficult or impossible for humans to find, holding the

potential to fundamentally revolutionize the future of energy, computing, and transport.

Technical and Research Details

e GNOME Project Approach: The GNoME project utilizes deep learning models to
predict the stability of an immense number of novel crystal structures. Specifically, it
evaluated the stability of 2.2 million different crystal structures, confirming that
380,000 of them possessed stability comparable to or exceeding the most stable
known material configurations. This large-scale prediction and validation process
highlights the transformative impact of Al's computational power on materials

discovery.

¢ ‘Impossible’ Superconductors: The two newly identified superconducting materials
were unexpected or even deemed 'impossible’ based on existing superconducting
theories and empirical rules. Al, through its unique pattern recognition and data
analysis capabilities, 'discovered' that these materials possess potential
superconducting properties. This fact suggests that Al has the ability to transcend

human intuition and preconceptions in scientific discovery.

¢ Integration with Quantum Physics: The Al model's learning and predictions are
corroborated by data generated from quantum physics first-principles calculations.
This ensures the physical validity of the material properties predicted by Al, making
these discoveries scientifically substantiated beyond mere statistical pattern

recognition.



Background and Industry Context

Superconducting materials are key to many innovative technologies, including zero-
resistance power transmission, high-efficiency motors, medical imaging devices like MR,
and next-generation quantum computers. However, the discovery of new
superconducting materials has been an extremely challenging task, requiring complex
physicochemical principles and extensive experimental exploration. Particularly, the
discovery of high-temperature superconductors has long been considered the holy grail
in materials science. Al is anticipated to be a powerful tool for efficiently navigating this

exploration space and probing unexplored territories.

Future Outlook and Strategic Significance

This discovery by Google DeepMind clearly illustrates Al's potential to function not
merely as a computational tool, but as an agent of scientific discovery itself. The two
identified superconducting materials, following further experimental validation, could
potentially be integrated into future energy-efficient technologies, more powerful
computing devices, and innovative transportation systems. This research suggests that
the fusion of Al and fundamental science can enable scientific breakthroughs previously
thought impossible, profoundly changing the future of humanity. Further developments

in this area are eagerly awaited.

Source: #
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#35 U.S. Department of Energy's Geothermix Project
Successfully Tests Thermoelectric Power Generation
Cells from Oil Well Waste Heat: Converting Low-
Temperature Waste Heat to Electricity

Published July 26, 2026  U.S. Department of Energy (DOE)  USA

| overview

The U.S. Department of Energy (DOE)'s Geothermix field project successfully
demonstrated the construction and lab-scale testing of novel Geothermix
thermoelectric generator cells in Navidad Resources' Austin Chalk oil wells. These cells
enable electricity generation from various low-temperature spectrum fluids, including
waste heat from oil and gas production, potentially converting previously wasted heat

into usable power. This marks a significant step towards the effective utilization of

industrial waste heat.
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Key Findings: U.S. DOE Geothermix Project Successfully Tests Thermoelectric

Cells Converting Low-Temperature Oil Well Waste Heat to Electricity

The U.S. Department of Energy (DOE)-backed Geothermix field project announced the
successful demonstration of the construction and lab-scale testing of novel
thermoelectric generator (TEG) cells developed by Geothermix in Navidad Resources'
Austin Chalk oil wells. This groundbreaking technology enables the direct generation of
electricity from various fluids in the low-temperature spectrum, including surplus heat
emitted from oil and gas production processes. This significantly opens up the potential
to convert previously unutilized industrial waste heat into valuable electrical power

resources.

Technical and Research Details

e Geothermix Thermoelectric Generator Cells: The TEG cells developed by
Geothermix are solid-state devices that generate electricity directly by utilizing a
temperature gradient. These cells are specifically designed for efficient power
generation in low-temperature environments, overcoming the limitations of

conventional thermoelectric technologies confined to high-temperature heat sources.

e Demonstration in Austin Chalk Oil Wells: The demonstration tests were conducted
in existing Austin Chalk oil wells. These wells discharge relatively low-temperature hot
water along with oil and gas, and this hot water was utilized as a heat source for the
TEG cells. Lab-scale testing confirmed that this system stably generated electricity,

demonstrating its practical applicability.

o Effective Utilization of Low-Temperature Waste Heat: A significant portion of
waste heat generated from global industrial activities is low-temperature, making its
effective utilization technically challenging. Geothermix's technology addresses this
challenge, enabling power generation from low-temperature waste heat sources that
were previously uneconomical to exploit. This has the potential to improve energy

efficiency and reduce reliance on fossil fuels.



Background and Industry Context

While global energy demand continues to rise, mitigating environmental impact and
securing sustainable energy sources are pressing challenges. The oil and gas industry
emits substantial amounts of heat, much of which is low-temperature and thus difficult
to recover and utilize. Thermoelectric power generation, with no moving parts and the
ability to directly convert heat to electricity, is garnering attention as a maintenance-free
and reliable waste heat recovery system. The Geothermix project is exploring new
frontiers in energy recovery by applying this technology to the untapped domain of low-

temperature waste heat.

Future Outlook and Strategic Significance

The success of these Geothermix thermoelectric generator cells demonstrates broad
application potential not only in the oil and gas industry but also in recovering low-
temperature waste heat from industrial processes such as cement, steel, and glass
manufacturing. Furthermore, it holds promise for use as self-powered sensors or off-grid
power sources in remote areas or regions with underdeveloped electrical infrastructure.
If commercialized, this technology could significantly contribute to reducing energy
costs, lowering carbon emissions, and promoting distributed energy systems, marking an
important step towards building a sustainable future society. With DOE support, this
technology is expected to be further scaled up and accelerated towards practical

implementation.

Source: https://www.energy.gov/hgeo/geothermal/wells-opportunity
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#36 Auerhammer Metallwerk Offers Highly Specialized
Material Solutions Including Ultra-Thin Metal Foils for
Sensor Technology and High-Tech Applications

Published Published July 25, 2026  XPONENTIAL Europe (Auerhammer Metallwerk D#34T)

Germany

| overview

German material specialist Auerhammer Metallwerk is advancing high-tech
applications with an array of highly specialized solutions, including ultra-thin metal
foils (down to 1.5-2 micrometers) and custom nickel/special alloys. These advanced
materials, alongside innovative clad composites, are critical for enabling extreme
miniaturization and enhanced precision across sensor technology and micro-technical

systems, from acoustic sensors to aerospace components.
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Background

Modern high-tech industries are relentless in their pursuit of miniaturization, enhanced
precision, expanded functionality, and unwavering reliability, even under the most
challenging conditions. Fields such as the Internet of Things (loT), advanced smart
sensors, sophisticated medical diagnostic equipment, and critical aerospace components
frequently demand performance characteristics that conventional materials simply
cannot provide. This escalating complexity has fueled a significant demand for highly
specialized material solutions, precisely optimized for specific, demanding applications. It
is against this backdrop that companies like Auerhammer Metallwerk are crucial,

addressing these material gaps with innovative offerings.

Key Findings

Auerhammer Metallwerk, a German pioneer in material science, has announced its
robust portfolio of highly specialized material solutions, engineered to meet the
stringent demands of advanced technological applications. Central to their offering are
ultra-thin metal foils, custom special alloys, and advanced clad materials, all designed to

enable breakthroughs in miniaturization and precision.

¢ Ultra-Thin Metal Foils: One of Auerhammer Metallwerk's flagship innovations is the
production of metal foils processed to extreme thinness, reaching an astonishing 1.5
to 2 micrometers — less than 1/50th the diameter of a human hair. Manufactured with
exceptional precision and uniformity, this extreme thinness is pivotal for overcoming
spatial constraints in miniaturized electronic components and sensors, simultaneously
enabling significant weight reduction and increased functional sensitivity. These ultra-
thin foils are indispensable in a range of sensor technologies, including high-
sensitivity acoustic sensors (e.g., advanced microphones, ultrasonic transducers),
mechanical sensors (e.g., strain gauges, high-precision pressure sensors), and Micro-
Electro-Mechanical Systems (MEMS) devices. Their lightweight, inherent flexibility,
and precise manufacturability are accelerating the development of more accurate,

compact, and responsive sensing solutions.



¢ Nickel and Special Alloys: Beyond foils, Auerhammer Metallwerk offers a
comprehensive range of nickel and special alloys. Celebrated for their exceptional
corrosion resistance, high-temperature stability, and specific magnetic properties,
these alloys are critical across high-performance sectors such as aerospace, medical
instrumentation, and advanced electronics. The company excels in customizing these
alloys to precise customer specifications, ensuring optimal performance for highly

specialized requirements.

¢ Clad Materials (Functional Composites): Further diversifying their portfolio,
Auerhammer provides innovative clad materials. These functional composites consist
of multiple distinct metal layers intimately bonded together, allowing for the
synergistic combination of properties difficult to achieve with a single material.
Examples include integrating high electrical conductivity with specific corrosion
resistance, or achieving magnetic shielding concurrently with superior thermal

conductivity, thereby creating multifunctional components for complex systems.

The advanced materials supplied by Auerhammer Metallwerk are poised to become
indispensable elements in the next generation of sensor technology, microelectronics,
and high-performance composite applications. By pushing the boundaries of materials
science and precision manufacturing, Auerhammer's technology holds the potential to
unlock new levels of product performance and cultivate new market opportunities across
diverse high-tech sectors, significantly contributing to the overall advancement of

industrial technology.

Source: https://www.xponentialeurope.com/article/highly-specialized-material-solutions-high-tech-

applications
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#37 High-Performance Flexible Thermoelectric
Generator Developed for Body Heat Harvesting:
Enhanced Turbulence with Perforated Fins and Copper-
Encapsulated Polyimide

Published 2026  IDEAS/RePEc (Energy journal) International

| overview

A high-performance flexible thermoelectric generator (FTEG) has been developed for
body heat harvesting. This FTEG aims to enhance turbulence by employing perforated
fins and copper-encapsulated polyimide, thereby improving the temperature gradient
between thermoelectric legs and increasing power generation performance. This

innovative design holds potential for enabling batteryless wearable electronics and

medical sensors.



| N DEPTH

Key Findings: High-Performance Flexible Thermoelectric Generator (FTEG)

Achieves Breakthrough in Body Heat Harvesting

A high-performance flexible thermoelectric generator (FTEG) has been developed,
capable of converting heat emitted from the human body into electrical power. This
FTEG incorporates innovative structures, specifically perforated fins and copper-
encapsulated polyimide, to effectively enhance turbulence, aiming to significantly
improve the temperature gradient between its thermoelectric legs and boost overall
power generation performance. This achievement represents a crucial step towards the

realization of batteryless wearable electronics, medical sensors, and |oT devices.

Technical and Research Details

¢ Flexible Thermoelectric Generator (FTEG): FTEGs are devices designed to generate
electricity from temperature differences while maintaining flexibility, allowing them to
conform to curved surfaces like the human body. Unlike rigid conventional
thermoelectric generators, their ability to adapt to body movements and shapes

makes them ideal for wearable applications.

e Turbulence Enhancement via Perforated Fins: The efficiency of thermoelectric
power generation heavily relies on the temperature difference between the hot and
cold sides. In this FTEG, 'perforated fins' are strategically placed between the
thermoelectric legs to intentionally disturb the flow of air or fluid in the heat path,
thereby enhancing turbulence and improving heat exchange efficiency. This
maximizes the temperature gradient across the thermoelectric legs, leading to

increased power generation.

e Copper-Encapsulated Polyimide: Thermoelectric materials are typically composed of
brittle semiconductors, making them susceptible to physical shock and bending. This
FTEG employs a structure where high-thermal-conductivity copper is encapsulated
within a flexible and thermally conductive polyimide film. This design ensures
mechanical robustness while allowing for efficient heat supply to and dissipation from

the thermoelectric material.



e Enhanced Power Generation Performance: These structural innovations enable
higher power density and conversion efficiency compared to conventional FTEGs.
While specific numerical details are provided in the paper, the synergistic effects of
turbulence enhancement and material integration contributed to this improved

power generation performance.

Background and Industry Context

The proliferation of wearable devices, particularly in fields such as health monitoring,
sports tracking, and medical diagnostics, highlights an urgent need for miniaturized
devices with extended battery life. Battery charging and replacement are inconvenient
for users and often impede continuous device usage. Body heat harvesting offers a
sustainable solution to this battery problem by utilizing the thermal energy constantly
emitted by the human body as electrical power. The flexible form factor, in particular,

enhances wearing comfort and contributes to improved biocompatibility.

Future Outlook and Strategic Significance

The development of this high-performance FTEG has the potential to significantly impact
the wearable electronics industry. In the future, it is expected to contribute to the
realization of various batteryless devices, including smartwatches, fitness trackers,
biosensors, and medical patches. Furthermore, its application to loT devices could enable
self-powered widespread sensor networks, allowing for maintenance-free and
sustainable data collection. Continued material science optimization and manufacturing
process scale-up are anticipated to accelerate the practical implementation of this

technology, paving the way for a new era of self-sustainable smart devices.

Source: https://ideas.repec.org/a/eee/energy/v360y2026icp.html
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#38 Japan's J-Stage Reports Mg2(Si,Sn) Thermoelectric
Generator Module Achieves ZT 1.2, High Efficiency in
Intermediate Temperature Range

Published 2026  J-Stage (J. Electron. Mater.) Japan

| overview

Research published on J-Stage investigated the temperature-dependent transport
properties of Mg2(Si,Sn) solid solution thermoelectric materials synthesized by Spark
Plasma Sintering. N-type and p-type samples showed increased power factor and
decreased lattice thermal conductivity up to intermediate temperatures, achieving
peak ZT values of approximately 1.2 for n-type at 623-673 K and 0.5 for p-type. This
finding highlights the potential for highly efficient thermoelectric materials in

intermediate-temperature waste heat recovery and power generation applications.
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Key Findings: Japan's J-Stage Reports Mg2(Si,Sn) Thermoelectric Material
Achieves ZT of 1.2, Demonstrating High Efficiency in Intermediate Temperature

Range

According to research published on J-Stage, the temperature-dependent transport
properties of Mg2(Si,Sn) solid solution thermoelectric materials synthesized using the
Spark Plasma Sintering (SPS) method were thoroughly investigated. This study revealed a
groundbreaking result: n-type samples achieved a peak ZT value of approximately 1.2
within the intermediate temperature range of about 623-673 K (approx. 350-400 °C). P-
type samples also achieved a ZT value of 0.5, suggesting that Mg2(Si,Sn)-based materials
are an extremely promising option for waste heat recovery and power generation

applications in the intermediate temperature range.

Technical and Research Details

e Mg2(Si,Sn) Solid Solution: Solid solutions of Mg2Si and Mg2Sn are attracting
attention as thermoelectric generation materials for the intermediate temperature
range (200-600 °C) due to their excellent thermoelectric performance, abundant
constituent elements, and low cost. This study aimed to improve performance by

optimizing the composition and microstructure of this solid solution.

e Spark Plasma Sintering (SPS): SPS is an advanced sintering technique that can
densify powder materials in a short time. This method enables the production of
sintered bodies with high relative density while suppressing grain refinement,

contributing to the optimization of thermoelectric material performance.

e Temperature-Dependent Transport Properties: The research team measured the
thermoelectric properties of the materials, including electrical conductivity, Seebeck
coefficient, and thermal conductivity, at various temperatures. The results confirmed
that both n-type and p-type samples showed an increase in power factor (figure of
merit for power generation) and a simultaneous decrease in lattice thermal
conductivity in the intermediate temperature range. These are essential characteristics

for improving the ZT value of thermoelectric materials.



¢ Achievement of High ZT Value: The n-type Mg2(Si,Sn) solid solution achieved a
peak ZT value of 1.2 at approximately 623-673 K. Materials with a ZT value exceeding
1.0 are considered highly efficient for commercial thermoelectric generation,
increasing their practical applicability. For p-type, a ZT value of 0.5 is also excellent for

a low-cost material.

Background and Industry Context

Effectively utilizing the vast amounts of waste heat emitted from industrial activities is an
urgent challenge for improving energy efficiency and reducing greenhouse gas
emissions. In particular, intermediate-temperature waste heat is widespread, but
recovery and utilization technologies are not yet sufficiently developed. Thermoelectric
generation is a clean technology that can directly convert waste heat into electricity,
making it promising for power recovery from various heat sources in automobiles,
industrial plants, and household appliances. The development of inexpensive, high-
performance thermoelectric materials like Mg2(Si,Sn) facilitates breakthroughs in this
field.

Future Outlook and Strategic Significance

The results of this research clearly demonstrate the high potential of Mg2(Si,Sn)-based
thermoelectric materials as thermoelectric generation modules for intermediate-
temperature waste heat recovery. The ZT value of 1.2 achieved for n-type material, in
particular, represents a significant step towards the practical application of this material.
While challenges remain in developing long-term material stability, module integration
technology, and further reducing manufacturing costs, the advancement of this
technology is expected to lead to significant improvements in energy efficiency across a
wide range of applications, including automotive exhaust heat generation, industrial
waste heat utilization, and self-powered consumer devices. This Japan-originated

technology has the potential to contribute to global energy solutions.

Source: #
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#39 UK Fission Materials Roadmap Interim Report
Identifies Advanced Materials as Key to Next-Gen
Reactor Safety, Efficiency, and Resilience

Published July 30, 2026  Nuclear Industry Association UK

| overview

The UK National Nuclear Laboratory (UKNNL) and the Henry Royce Institute have
published the 'UK Fission Materials Roadmap Interim Report,' emphasizing the critical
role of advanced materials in enhancing the safety, efficiency, and resilience of next-
generation reactor systems, including SMRs, AMRs, and future fusion technologies.
This report outlines the strategic direction for UK fission materials R&D, contributing

to national energy security and net-zero targets.
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Key Findings

The UK National Nuclear Laboratory (UKNNL) and the Henry Royce Institute have jointly
released the 'UK Fission Materials Roadmap Interim Report.' This interim document
clearly articulates that high-performance advanced materials are indispensable for the
design, construction, and operation of next-generation reactor systems, including Small
Modular Reactors (SMRs), Advanced Modular Reactors (AMRs), and future fusion
technologies. Such advancements are expected to significantly improve reactor safety,

efficiency, and operational lifespan.

Technical / Clinical Details

The report specifically highlights the development of materials capable of maintaining
performance under extreme conditions, such as Refractory High-Entropy Alloys (RHEAs),
ceramic matrix composites, and advanced alloy steels. These materials must exhibit
superior mechanical strength, corrosion resistance, and creep resistance under the severe
conditions characteristic of nuclear reactors, including high temperatures, intense
radiation environments, and corrosive atmospheres. The report identifies these materials
as key to enhancing the reliability and safety of critical components such like fuel

cladding, in-core structures, and pressure vessels.

Background & Context

The UK positions nuclear energy as a vital pillar for achieving its net-zero emissions
target by 2050. While innovative reactor designs like SMRs and AMRs promise reduced
construction costs, economies of scale, and flexible deployment, their pursuit of higher
operating temperatures and pressures introduces new material challenges that existing
materials cannot adequately address. This roadmap aims to tackle these challenges and
strategically direct research and development investments in materials science within the

UK's nuclear industry.



Strategic Significance & Outlook

This interim report represents a crucial step in the UK's roadmap to establish itself as a
world-leading developer of nuclear technology and strengthen nuclear energy's role in
the future energy mix. Moving forward, research and development in the priority areas
identified by the report will accelerate, with collaborative efforts across academia,
industry, and government fostering advancements in material testing, modeling, and
manufacturing technologies. This initiative is expected to position the UK at the forefront
of advanced materials technology, not only for fission reactors but ultimately for the

realization of fusion reactors.

Source: https://www.niauk.org/news/interim-report-of-uk-fission-materials-roadmap-published/
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#40 China Defines Solid-State Batteries with GB/T
43568-2026 Standard; Major Companies Build
Hundred-Ton Semi-Solid Production Lines

Published July 30, 2026  Industry Report  China

| overview

China implemented the GB/T 43568-2026 standard on July 1, 2026, establishing clear
chemical boundaries for solid-state battery classification. This policy highlights
challenges in manufacturing infrastructure evaluation across the broad supplier
network. Concurrently, several leading companies are heavily investing in
constructing hundred-ton level production lines for semi-solid battery technology,

accelerating market competition and technological innovation in the sector.
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Key Findings

China officially implemented the national standard GB/T 43568-2026 on July 1, 2026,
which establishes clear chemical boundaries for the classification of solid-state batteries.
This new standard aims to promote battery technology standardization, while
simultaneously exposing challenges in manufacturing infrastructure assessment across
the extensive supplier network. In response to this policy, several major Chinese
companies are making substantial investments in building hundred-ton level mass

production lines for semi-solid battery technology.

Technical / Clinical Details

The GB/T 43568-2026 standard systematically outlines the technical requirements for
solid-state batteries, including safety characteristics, performance indicators, and testing
methods. This standardization provides clearer guidelines for battery manufacturers,
facilitating product development and enhancing market trustworthiness. The
construction of hundred-ton level production lines for semi-solid batteries signifies
efforts to overcome scaling challenges in manufacturing processes. This technology aims
to balance improved safety and energy density by replacing a portion of conventional
organic electrolytes with solid electrolytes, while managing production costs and

technical hurdles.

Background & Context

The rapid growth of the electric vehicle (EV) market and increasing demand for safer,
higher energy density batteries are accelerating R&D in solid-state battery technology.
The Chinese government has designated the development of the new energy vehicle
industry as a national strategic priority, aggressively promoting battery technology
standardization and industrialization. This standardization aims to prevent market
confusion by clarifying the previously ambiguous definition of 'solid-state' and foster
healthy technological competition. Concurrently, semi-solid batteries, which are relatively
easier to mass-produce, are gaining attention from many companies as a practical

option during the transition to full solid-state batteries.



Strategic Significance & Outlook

The implementation of the GB/T 43568-2026 standard and the operationalization of
hundred-ton level semi-solid battery production lines represent significant milestones
for China in further strengthening its leadership in the global battery market. These
developments are expected to accelerate the resolution of technical challenges for solid-
state battery commercialization, with full-scale deployment in EVs and energy storage
systems anticipated within the next few years. As materials development, manufacturing
process optimization, and cost reduction progress under this standardized framework,
the likelihood of solid-state batteries becoming a mainstream technology, replacing

current lithium-ion batteries, will significantly increase.

Source: #
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#41 Purdue University Engineers Develop Cobalt-
Aluminum Alloy Up to 10x Stronger Than Steel with
Exceptional Flexibility

Published July 31, 2026  ScienceDaily (Purdue University) USA

| overview

Purdue University engineers have successfully transformed a typically brittle cobalt-
aluminum compound into a new ultra-strong, flexible alloy boasting 6-10 times the
yield strength of high-strength structural steel, while maintaining significant ductility
at room temperature. This nanoscale design approach enables a groundbreaking
material with revolutionary potential for aerospace, defense, and medical sectors. The
achievement overcomes a longstanding challenge of balancing strength and flexibility

in advanced materials.
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Key Findings

Engineers at Purdue University have achieved a significant breakthrough by transforming
an inherently brittle cobalt-aluminum compound into a novel alloy that possesses both
extraordinary strength and remarkable flexibility. This new material demonstrates a yield
strength approximately 6 to 10 times greater than that of high-strength structural steel, a
performance metric that defies conventional materials science by simultaneously

maintaining substantial plastic deformation capabilities at room temperature.

Technical / Clinical Details

This groundbreaking achievement was realized through precise nanoscale materials
design. Researchers meticulously adjusted the cobalt-to-aluminum ratio and introduced
specific nanostructures within the material's crystal lattice. This strategy effectively
suppressed brittle behavior and, instead, simultaneously elicited high strength and
ductility. Specifically, controlling the introduction of nanoscale precipitates and grain
boundaries within the cobalt-aluminum alloy system allowed for the dispersion of stress
concentrations and impediment of dislocation movement, while preserving the overall
deformability of the material. This approach significantly enhances the material's fracture

toughness, broadening its potential for structural applications.

Background & Context

High-strength materials are critical for numerous industrial sectors, including aerospace,
automotive, defense, and medical devices, where lightweighting and high reliability are
paramount. However, material strength typically presents a trade-off with flexibility
(ductility); increased strength often leads to increased brittleness. While cobalt-aluminum
compounds possess high theoretical strength, their inherent brittleness has been a
significant barrier to practical application. This research overcomes this long-standing
challenge, achieving both strength and flexibility, thus paving the way for next-

generation structural materials with unprecedented performance.



Strategic Significance & Outlook

This ultra-strong and flexible cobalt-aluminum alloy holds promise for a diverse range of
applications, including aircraft engine components, lightweight armor, high-performance
robotic parts, and biocompatible medical implants. Its superior properties will particularly
enhance design freedom and significantly improve the performance and safety of
components destined for extreme operational environments. Future research phases will
likely focus on evaluating the scalability, cost-effectiveness of the manufacturing
processes, and long-term durability of this material to accelerate its industrial

implementation.

Source: https://www.sciencedaily.com/releases/2026/07/260731084221.htm
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