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I All 65 Articles This Week — 5-Axis Evaluation Matrix

How to read columns — Tech Novelty: degree of breakthrough Market Proximity: closeness to commercialization Market Impact:
industry-wide effect Data Reliability: quantitative data & peer review US/EU Relevance: direct impact on US/European companies & supply

chains
. X Tech Market Market Data US/EU
Corporat NOOO BOOC NG NOOC US-based DIP expands Al platform for advanced
#01 DIP Al Mat. Disc. e ~ materials discovery, aiming to cut development
Strategy cycles from 10-20 years.
Argonne Lab's DONUT AI tool enables real-time
Argonne DONUT AI (XXX ) ([ X ] (X X X ] (XX X ] d . . -
#02 Yora Research ~ X-ray data analysis, accelerating materials
Y discovery by over tenfold.
NOOO a0 0O0C 5O0C UT secures $20M NSF grant for ATHENA, an
#03 UT ATHENA AI Grant Research ~ Al-driven autonomous lab to accelerate nanoscale
materials discovery 10-30x.
. Japanese researchers developed a transparent
Japan Self-Healing (XX X ) (X ) (X X X J (X X X ] ] .
#04 Poly Research o self-healing polymer recovering 95% toughness

at room temp, promising "unbreakable" glass.

Canada-Japan symposium on computational
#05 Canada-Japan Al Mat Research science & Al for materials discovery, focusing on
energy/environmental applications.

UK researchers developed dopamine-decorated
#06 Multifunctional R (XXX ) ( X ) (XX X J ® ® @ @ cellulose nanofiber aerogel composites for
ar
Aerogel [ multifunctional fire safety, thermal storage, and

noise reduction.

Penn State developed a flexible TEG for 5-10%

o0 fuel efficiency boost from waste heat; QUT
#07  Penn State Flex TEG  Research @ 0 ©® eeece eeece _ s ' Q
() achieved 13% efficiency with manganese-doped
material.

EV battery thermal management in 2026 relies

#08 EV Battery Thermal Market (X ) 0000 o000 ® ® 060 on hybrid systems combining PCMs for passive
Mgmt Overview ® ® cooling and liquid cooling for active temperature
regulation.
Niron Magnetics secures $150M federal loan to
#09 Niron Coriorat (XX X ) (X X X J ( X ) ® ® @@ build a rare-earth-free permanent magnet plant
Rare-Earth-Free Sty ) () in Minnesota, reducing reliance on geopolitically
sensitive materials.
Chinese researchers developed a flat
China (XX X ) o0 'cubic-metalens' for sharp imaging across broad
#10 . Research . ) . .
Cubic-Metalens distances, integrating lens and focus-correcting

into ultrathin metasurface.

FunctionalMaterials Weekly Intelligence Report | 2026-08-16 | Page 1



. X Tech Market Market Data US/EU
# Article Title Type . S Summan
.- LI ] e FELEIRY Relevance

#11

#12

#13

#14

#15

#16

#17

#18

#19

#20

#21

#22

#23

#24

#25

#26

MMTA HEA Report

Greener Self-Healing

Ag Nanoparticle
Metamat

i2Cool CorroCool

Hydrogels Oil Spill

Flexible PCM Cooling

HEA Electrocatalysts

Bio-Derived Vitrimer

Cu NC WPU Coating

Lead-Free KNN
Actuator

Hybrid RPC Cooler

TEG Copper Foam
HS

Flexible OTEG CNT

Li|LLZO Solid-State

YASA
Rare-Earth-Free

Rh Chalcogenide NC

Market
Overview

Trend
Article

Research

New
Product

Research

Research

Research

Research

Research

Research

Research

Research

Research

Research

Corporat
e
Strategy

Research

MMTA report introduces High-Entropy Alloys
(HEAs) for aerospace, cryogenics, and tooling,
noting their unique properties and manufacturing
techniques.

Smart polymers and natural rubber are advancing
greener materials futures via self-healing
systems, using molecular interactions to recover
function.

Dense silver nanoparticle assemblies achieve high
refractive indices (4.4-10.3) and low loss,
reaching 72% of fundamental limits for optical
miniaturization.

i2Cool launches 'i2Coating CorroCool', a
silane-based coating with passive cooling (92%
solar reflectance) and C5 corrosion protection for
industrial assets.

Computational design and experimental validation
of eco-friendly PDMS-modified polysaccharide
hydrogels for sustainable oil spill remediation.

Flexible PCM nanocomposite sheet with
bio-carbon, bentonite nanoclay, and cellulose
fibers developed for advanced passive processor
cooling.

HEA nanomaterials are promising catalyst
platforms for electrocatalytic multi-electron
transfer reactions, revolutionizing clean energy
conversion.

Fully bio-derived vitrimer from lignin and soybean
oil integrates photothermal conversion,
self-healing (90% strength after 5 cycles), and
recyclability.

Copper nanoclusters boost flame retardancy and
antimicrobial activity of water-borne polyurethane
for hygiene-sensitive environments.

Lead-free KNN ceramics achieve giant
electrostrain (1068 pm/V) via defect/domain
engineering, enabling low-cost multilayer
piezoelectric actuators.

Highly efficient hybrid cooler integrates radiative
and phase change cooling (RPC), achieving 6.8°C
transient drop for electronics.

TEGs boost power generation via synergistic
thermal management using soldered copper
foam/paraffin wax composite heat sinks.

Flexible organic TEG with optimized doped
SWCNT clay interconnects expands wearable
applications, showing increased output.

Entropy-driven multi-dopant synergy enables
robust Li|LLZO interfaces for high-performance
solid-state batteries, addressing dendrite
formation.

UK's YASA secures government funding for
'Project Resilience' to develop rare-earth-free
axial flux motors for EVs.

Research explores polymorphism and
dimensionality in rhodium chalcogenide
nanocrystals, enabling phase-selective synthesis.
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RMIT doctoral research on next-gen PCMs for
energy efficiency and battery tech, using
nano-engineering and machine learning.

IEEE reports on a 'defocus-resistant'
cubic-metalens from China, integrating lens and
wavefront-coding for sharp camera images.

Strontium-modified BaTiO3 composite
nanogenerators achieve 60V output for flexible,
self-powered human-machine interactions.

MiPAL, a compact ultrasonic transducer with
dual-domain metamaterials, achieves
ultra-broadband directional audio for immersive
audio/XR.

SDU POLIMA researcher presents on quantum
plasmonics and graphene plasmon applications at
META 2026, advancing nanoscale light-matter
interactions.

L&T; plans rare earth permanent magnet
production in India with government incentives,
aiming for 6,000 TPA capacity.

Laser scanning power controls corrosion
resistance of AlICoCrFeNi HEA coatings produced
by extremely high-speed laser cladding for
marine equipment.

Active metasurfaces achieve 33.5nm BIC
resonance shift via Sb2S3 phase transition,
enabling tunable amplified photoluminescence
(33-fold).

Chinese researchers developed a lightweight laser
receiver for drones, boosting flight duration via
perovskite and thermoelectric materials.

High thermoelectric performance achieved in
K-doped CaCd2Sb2 Zintl phase by tuning carrier
concentration and anionic framework.

Al and autonomous labs revolutionize
semiconductor material discovery, accelerating
R&D; and breaking physical limits in chip
manufacturing.

Discovered Materials secures $9M seed funding
and unveils 'Material Discovery Bench' Al
benchmark to accelerate semiconductor material
discovery.

CuspAl's 'Al Materials Foundry' screens trillions of
molecules in months, rapidly developing
innovative materials by integrating Al, data, and
physical labs.

Sherwin-Williams launches 'ControlTech,"' a
robust chemical-resistant coating system for
secondary containment, enhancing industrial
safety.

Argonne National Lab accelerates materials
discovery via real-time X-ray data analysis with
Al and robotics, streamlining R&D.;

U.S. Department of War commits $150M loan to
Niron Magnetics to build a rare earth-free iron
nitride permanent magnet plant, enhancing
national security.
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Green Evolution Technologies launches InteliGel™
hydrogel, achieving 7.5x equipment efficiency in
patented manufacturing.

POSTECH develops dual-functional all-dielectric
monolayer metasurface for triple-color printing
and high-efficiency holography.

Kyushu University developed a self-healing MOF
hydrogel film that indicates freshness and
extends pork shelf life by 12 hours.

Applied Materials achieves record $9.12B revenue
in Q3 2026, driven by surging Al demand for its
materials engineering solutions.

Temperature-driven sequential modeling
framework predicts annual power conversion
efficiency profiles of OPV materials, improving
real-world performance.

First-principles framework for magnetoelastic
coupling in 2D magnets established, based on
strain-dependent Heisenberg model, aiding
spintronic device design.

Polymer glasses under stress-induced overaging
show accelerated segmental dynamics despite
increased yield stress, challenging conventional
understanding.

'Entanglement Mpemba Effect' proposed in
statistical mechanics, offering insights into
quantum system thermalization and guiding
quantum device design.

Onset of transitional flux-avalanche regime in
bulk NbTi superconductors precisely controlled by
thermal boundary conductance, enhancing
reliability.

Research unravels how weak non-conservative
dynamics affect pattern formation in scalar active
matter, deepening understanding of
self-organization.

Lipid content non-monotonically controls
assembly and rheology of egg yolk protein at
water-soybean oil interface, aiding food
texture/emulsion design.

CuspAl forms 'Al Materials Foundry' network with
45 organizations (Meta, Nvidia) to rapidly
discover functional materials and overcome
manufacturing challenges.

Penn engineers develop MRI-compatible soft
robotic microballoons to observe earliest
moments of stroke in mice, aiding treatment
development.

First gold metacrystal separates/transports
quantum states at room temperature, potentially
eliminating cryogenic needs for quantum
computing/communication.

Spatially heterogeneous relaxational dynamics
and recoverable strain evolution uncovered in
ductile nanocolloidal glasses after flow cessation.

Aggregation-engineered loss-tolerant strong
coupling achieved in metallic microcavities,
providing insights for novel optical devices and
quantum info.
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Microscopic derivation of field equation for active
Brownian particles contributes to modeling
self-organization and transport phenomena in
active matter.

Concordia University develops self-healing coating
for aircraft engine turbines, enhancing durability
and efficiency by leveraging protective oxide
layers.

Dynamic disulfide bond-functionalized self-healing
resin coatings developed for quartz sand surface
modification, enhancing durability of sandstone
reservoirs.

Surface-wave-driven metasurfaces generate
custom vector light fields, promising advanced
optical device miniaturization and integrated
photonics.

MIT physicists observe coexisting electronic
phases of two charge density waves in erbium
tritelluride, offering new insights for quantum
device design.

SLAC researchers observe copper's surprising
melting behavior at extreme temperatures in
real-time, aiding fusion-resistant material
development.

MIT selected to lead new NSF Materials Research
Center, securing $18M over 6 years for key
research in medical imaging, semiconductors, and
magnetic materials.

Low | Yellow highlight = featured article
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I Three Questions That Demand Your Decision This Week

@ Is your R&D; pipeline Al-accelerated?

Al platforms (DIP, CuspAI) and autonomous labs (Argonne, UT) are drastically shortening materials discovery
cycles from 10-20 years to months. Can your R&D; keep pace without this paradigm shift, or will competitors
gain an insurmountable lead?

® Are you exposed to rare-earth supply risks?

US/UK governments are funding rare-earth-free magnet production (Niron, YASA) to secure critical supply
chains for EVs, defense, and industrial applications. What is your strategy to mitigate geopolitical risks and
reduce reliance on these materials?

© Can your products self-repair and last longer?

Breakthroughs in self-healing polymers (Japan, bio-derived vitrimers) promise "unbreakable" glass, extended
product lifespans, and reduced waste/maintenance. Are you integrating these transformative materials into
your next-generation product platforms?

I Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies

Opp. > Threat Both High

RE-FREE AI_MAT

THERMAL ‘ .
LEADFREE
SELFHL METAMAT AI_SEMI

! o O O

&

c

2

é Low Impact Threat > Opp.

o

!

< Threat —

® AI_MAT Critical Rapid R&D;, new IP Competitor lead
® RE-FREE Critical Supply chain sec. Geopol. risk
® AI_SEMI Critical Market growth Lagging tech
® SELFHL Opp. Product longevity Missed market
® METAMAT Opp. Miniaturization Foreign IP lead
® THERMAL Opp. Efficiency gains Energy waste
® LEADFREE Opp. Sustainable tech Regulatory risk
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I Deep Dive @ — AI Materials Foundry Screens Trillions of Molecules

#39 | 2026/08/09 | Trend Hunter (CuspAl) | Tech Novelty® ® ® ® ® Proximity® ® ® OO Market Impact® ® ® ® ® Data
Reliability® ® OO O US/EU Relevance® @ ® ® O

CuspAl's 'Al Materials Foundry' and MIRA agent platform integrate AI, scientific data, computational
resources, and physical labs to screen trillions of molecular structures and generate validated new material
candidates within months. This drastically shortens advanced material development cycles, accelerating

commercialization.

The platform uses generative AI models to design novel molecular structures, predicts characteristics
computationally, then validates experimentally in a closed-loop system. This rapid screening is critical for

pharmaceuticals, advanced electronics, and sustainable energy materials.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The claim of screening trillions of molecules in months is
realistic given advancements in generative Al and high-throughput computing. The primary
technical barrier is bridging the gap between theoretical prediction and reliable, scalable
synthesis/characterization in physical labs. [Opportunity] for US/EU OEMs & device
manufacturers to license or partner with AI material discovery firms to accelerate their own
product roadmaps, gaining a significant competitive edge in new material integration. [Threat]
for US/EU materials & component suppliers who fail to adopt AI-driven R&D;, risking
obsolescence as competitors rapidly discover superior, cheaper, or more sustainable
alternatives. Next actions: [R&D;] Evaluate leading AI materials discovery platforms by Q4
2026. [Strategy] Formulate an Al integration roadmap for materials R&D; by Q1 2027.
[Business Dev] Explore strategic partnerships or acquisitions in this space.

I Deep Dive @ — US Funds Rare-Earth-Free Magnet Production

#09 | 2026/08/10 | FinancialContent (Niron Magnetics) | Tech Novelty® ® ® ® O Proximity® @ ® OO Market

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

Niron Magnetics secured a conditional federal loan of up to $150 million to build a rare-earth-free permanent
magnet manufacturing plant in Minnesota. This initiative aims to mass-produce sustainable, cost-effective

alternatives to traditional rare-earth magnets using abundant iron and nitrogen.

The goal is to reduce reliance on geopolitically sensitive rare-earth materials crucial for EVs, wind turbines,
and defense. The technology seeks to achieve magnetic properties comparable to or superior to conventional

neodymium magnets, enhancing domestic supply chain resilience.
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» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The $150M federal loan signals strong government
commitment, making Niron's commercialization highly probable within 2-3 years. The technical
challenge lies in achieving cost-parity and performance consistency with established rare-earth
magnets at scale. [Opportunity] for US/EU OEMs & device manufacturers to diversify their
magnet supply chains, reducing exposure to geopolitical risks and price volatility. This also
creates opportunities for US/EU materials & component suppliers in iron nitride production.
[Threat] for companies heavily invested in traditional rare-earth magnet technologies or those
reliant on foreign rare-earth supply, as this domestic, sustainable alternative could disrupt the
market. Next actions: [Procurement] Identify and qualify alternative rare-earth-free magnet
suppliers by Q1 2027. [Strategy] Assess long-term rare-earth dependency and develop
mitigation plans by mid-2027. [R&D;] Investigate integration of new magnet technologies into
future product designs.
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I Deep Dive ® — Transparent Self-Healing Polymer at Room Temp

#04 | 2026/08/06 | Facebook (University of Tokyo, Osaka University Materials Science Department, Science Magazine,
MIT) | Tech Novelty® ® ® ® ® Proximity® @ OOO Market Impact® ® ® ® O Data Reliability® @ @ OO US/EU
Relevancee @ @ ® O

Japanese researchers developed a transparent self-healing polymer (polyether-thioureas) that can repair
itself at room temperature simply by pressing broken pieces together. It recovers over 95% of its original
toughness within a day, offering rigidity comparable to commercial glass.

This breakthrough, based on reversible hydrogen bonding, eliminates the need for external stimuli like heat
or light. It promises applications in electronics (phone screens), car bumpers, and aerospace components,
moving closer to "unbreakable" glass.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The 95% toughness recovery at room temperature is a
significant scientific breakthrough, but commercialization will require overcoming challenges in
manufacturing scalability, long-term durability, and cost-effectiveness. The Facebook source is
low reliability, but mentions reputable academic institutions. [Opportunity] for US/EU OEMs &
device manufacturers to integrate this into consumer electronics (e.g., smartphone screens),
automotive (e.g., self-healing paint/bumpers), and aerospace, creating highly durable and
sustainable products. [Threat] for existing materials & component suppliers of conventional
glass and plastics, as this technology could render current solutions obsolete or less
competitive. Next actions: [R&D;] Initiate exploratory research into polyether-thiourea based
self-healing polymers by Q4 2026. [Business Dev] Monitor Japanese research and startup
ecosystem for licensing opportunities. [Product Development] Begin conceptual design for
products incorporating self-healing features by mid-2027.

I Other Notable Articles

#01 Deep Intelligent Pharma Expands Al Platform, Drastically Shortening Advanced Materials Discovery Cycle (FinancialContent (Deep Intelligent
Pharma))
Tech Novelty® ® @ ® O Proximity® @ @ OO Market Impact® @ @ ® O Data Reliability® @ OOO US/EU Relevancco e ® @ @

US firm DIP's AI platform aims to cut material development cycles from 10-20 years to months for batteries,
semiconductors, and alloys.

#10 University of Science and Technology of China Develops Compact 'Cubic-Metalens' for Sharp Imaging Across Broad Distances (IEEE)
Tech Novelty® ® ® ® O Proximity ® ® OO O Market Impact® ® ® OO Data Reliability® ® ® OO US/EU Relevancc® @ ®@ OO

Chinese researchers developed a flat 'cubic-metalens' for sharp imaging across broad distances, enabling
thinner cameras for biomedical and machine vision.

#20 Lead-Free KNN Ceramics Achieve Giant Electrostrain of 1068 pm/V via Defect and Domain Engineering, Enabling Low-Cost Actuators (ACS
Publications)
Tech Novelty® ® ® ® ® Proximity ® ® OO O Market Impact® @ ® OO Data Reliability® ® ® ® ® US/EU Relevancco ® @ @ O

US research achieved giant electrostrain in lead-free KNN ceramics, paving the way for sustainable,

high-performance actuators and sensors.

#07 Penn State Develops Flexible Thermoelectric Generator to Boost Fuel Efficiency by 5-10% from Waste Heat (Facebook (Penn State University,
Queensland University of Technology, Stanford University, MIT))
Tech Novelty® ® @ ® O Proximity® ® OO O Market Impact® ® ® ® O Data Reliability® ® ® OO US/EU Relevancco @ @ ® ®

Penn State's flexible TEG converts waste heat to electricity, boosting fuel efficiency by 5-10%; QUT achieved
a record 13% efficiency.
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#45 Kyushu University Develops Self-Healing MOF Hydrogel Film with 99% Tensile Strength Recovery, Extends Pork Shelf Life by 12 Hours
(packaginginsights (referencing Chemical Engineering Journal))
Tech Novelty® ® ® ® ® Proximity ® ® OO O Market Impact® ® ® ® O Data Reliability® ® ® OO US/EU Relevancce ® ® @ O

Japanese self-healing hydrogel film indicates food freshness and extends pork shelf life by 12 hours, with

99% tensile strength recovery.
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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 [Executive] Review current R&D; investment in Al-driven materials discovery platforms and
autonomous labs to assess competitive positioning.

e [Procurement] Conduct an urgent audit of rare-earth material dependencies across all product lines
and identify critical supply chain vulnerabilities.

e [R&D;] Initiate preliminary literature review on self-healing materials and their potential application in
existing product portfolios.

| Short-term (1 month)

e [Strategy] Develop a preliminary strategy for integrating Al into materials R&D;, including potential
partnerships or in-house capability development.

e [Procurement] Engage with Niron Magnetics and YASA (UK) to understand their rare-earth-free
magnet technology roadmaps and potential future supply.

e [R&D;] Task a cross-functional team to evaluate the feasibility of incorporating self-healing polymers
into high-value components like displays or coatings.

¢ [R&D;] Begin scouting for metamaterial and advanced thermal management technologies for
next-generation optical devices and electronics.

I Medium-long term (quarter+)

¢ [R&D;] Establish pilot projects or joint ventures with AI materials discovery startups to co-develop
novel materials for strategic applications.

e [Supply Chain] Implement a multi-year plan to diversify or localize critical material supply chains,
reducing reliance on geopolitically sensitive resources.

e [Product Development] Launch internal initiatives to design products with inherent self-healing
capabilities, targeting enhanced durability and sustainability.

¢ [Legal/IP] Develop a robust IP strategy around new materials, including lead-free piezoelectrics and
advanced photonics, to secure future market positions.

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-08-16
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I Table of Contents

#01 Deep Intelligent Pharma Expands AI Platform, Drastically Shortening Advanced Materials
Discovery Cycle

#02 Argonne Lab's 'DONUT' AI Accelerates X-ray Data Analysis Tenfold for Real-Time
Materials Discovery

#03 University of Tennessee Secures $20M NSF Grant for ATHENA: Pioneering AI-Driven

Autonomous Materials Discovery

#04 Japanese Scientists Develop Transparent Self-Healing Polymer, Recovers 95% Toughness
at Room Temperature

#05 CEMDI-PAIMS Symposium: Canada-Japan Initiative Advances Materials Discovery via
Computational Science & Al

#06 Dopamine-Decorated Cellulose Nanofiber Aerogel Composites Deliver Multifunctional Fire
Safety, Thermal Storage, and Noise Reduction

#07 Penn State Develops Flexible Thermoelectric Generator to Boost Fuel Efficiency by 5-
10% from Waste Heat

#08 EV Battery Thermal Management Advances with Phase-Change Materials and Liquid
Cooling for Enhanced Safety and Efficiency

#09 Niron Magnetics Secures $150M Federal Loan to Build Rare-Earth-Free Magnet Plant in
Sartell, Minnesota

#10 University of Science and Technology of China Develops Compact 'Cubic-Metalens' for
Sharp Imaging Across Broad Distances

#11 MMTA Report Highlights High-Entropy Alloys for High-Performance Aerospace and
Cryogenic Applications

#12 Smart Polymers and Natural Rubber Point to Greener Materials Futures through Self-
Healing Systems

#13 High Refractive Index Silver Nanoparticle Metamaterials Achieve 72% of Fundamental
Bounds, Advancing Optical Miniaturization

#14 i2Cool Launches 'i2Coating CorroCool': Silane-Based Functional Coating Combining
Passive Cooling and C5 Corrosion Protection

#15 Computational Design and Experimental Validation Lead to Sustainable Polysaccharide

Hydrogels for Oil Spill Remediation
#16 Flexible PCM Nanocomposite Sheet with Hybrid Fillers Shows Promise for Advanced

Passive Processor Cooling



#17 High-Entropy Alloy Nanomaterials Boost Electrocatalytic Multi-Electron Transfer
Reactions, Revolutionizing Clean Energy Conversion and Chemical Synthesis

#18 Fully Bio-Derived Vitrimer from Lignin and Soybean Oil Integrates Photothermal
Conversion, Self-Healing, and Recyclability

#19 Copper Nanoclusters Boost Flame Retardancy and Antimicrobial Activity of Water-Borne
Polyurethane for Hygiene-Sensitive Environments

#20 Lead-Free KNN Ceramics Achieve Giant Electrostrain of 1068 pm/V via Defect and

Domain Engineering, Enabling Low-Cost Actuators

#21 Highly Efficient Hybrid Cooler Integrating Radiative and Phase Change Cooling Innovates

Electronics Thermal Management

#22 Thermoelectric Generators Boost Power Generation via Synergistic Thermal Management
with Soldered Copper Foam/Paraffin Wax Composite Heat Sinks
#23 Flexible Organic Thermoelectric Generator with Optimized Carbon Nanotube

Interconnects Expands Wearable Applications

#24 Entropy-Driven Multi-Dopant Synergy Enables Robust Li|LLZO Interfaces for High-
Performance Solid-State Batteries

#25 UK's YASA Secures Government Funding for 'Project Resilience' to Develop Rare-Earth-
Free Axial Flux Motors

#26 Polymorphism and Dimensionality in Rhodium Chalcogenide Nanocrystals Enable Phase-
Selective Synthesis and Structure-Dependent Property Exploration

#27 RMIT University Doctoral Research Unveils Next-Generation Phase Change Materials to
Enhance Energy Efficiency and Advance Battery Technologies

#28 IEEE Reports 'Defocus-Resistant' Cubic-Metalens for Consistently Sharp Camera Images
in Thin Optics

#29 Strontium-Modified BaTiO3 Composite Nanogenerators Achieve 60V Output for Flexible,

Self-Powered Human-Machine Interactions

#30 Compact Ultrasonic Transducer Integrated Dual-Domain Metamaterials 'MiPAL' Achieve
Ultra-Broadband Directional Audio Generation

#31 SDU POLIMA Researcher Presents Quantum Plasmonics at META 2026, Advancing
Graphene Plasmon Applications

#32 L&T Eyes Rare Earth Magnet Production in India, Leveraging Government Incentives to
Build Domestic Supply Chain

#33 Laser Scanning Power Controls Corrosion Resistance of AICoCrFeNi High-Entropy Alloy
Coatings Produced by Extremely High-Speed Laser Cladding



#34 Active Metasurfaces Achieve 33.5nm BIC Resonance Shift via Sb2S3 Phase Transition,
Enabling Tunable Amplified Photoluminescence and Single-Photon Emission

#35 Chinese Researchers Develop Lightweight Laser Receiver for Drones, Boosting Flight
Duration via Perovskite and Thermoelectric Materials

#36 High Thermoelectric Performance Achieved in K-Doped CaCd2Sb2 Zintl Phase via Carrier
Concentration and Anionic Framework Tuning

#37 Al and Autonomous Labs Propel Semiconductor Material Discovery from Linear to
Multidimensional, Breaking Physical Limits in Chip Manufacturing

#38 Discovered Materials Secures $9 Million Seed Funding and Unveils New AI Benchmark to
Accelerate Semiconductor Material Discovery

#39 CuspAl's Al Materials Foundry Screens Trillions of Molecules in Months, Demonstrating
Rapid Development of Innovative Materials

#40 Sherwin-Williams Launches Robust ControlTech Chemical-Resistant Coating System for
Secondary Containment Demands

#41 Argonne National Lab Accelerates Materials Discovery by Real-Time X-ray Data Analysis
with Al and Robotics

#42 U.S. Department of War Commits $150 Million Loan to Niron Magnetics to Accelerate
Domestic Rare Earth-Free Magnet Production

#43 Green Evolution Technologies Achieves 7.5x Equipment Efficiency in Patented Hydrogel
Manufacturing, Launches InteliGel™ Commercially

#44 POSTECH Develops Dual-Functional All-Dielectric Monolayer Metasurface for Triple-Color
Printing and High-Efficiency Holography in White Light

#45 Kyushu University Develops Self-Healing MOF Hydrogel Film with 99% Tensile Strength
Recovery, Extends Pork Shelf Life by 12 Hours

#46 Applied Materials Achieves Record $9.12 Billion Revenue in Q3 2026, Driven by Surging
Al Demand

#47 Temperature-Driven Sequential Modeling Framework Developed for Predicting Annual
Power Conversion Efficiency Profiles of Organic Photovoltaic Materials

#48 First-Principles Framework for Magnetoelastic Coupling in Two-Dimensional Magnets
Established Based on Strain-Dependent Heisenberg Model

#49 Polymer Glasses Under Stress-Induced Overaging Exhibit Accelerated Segmental
Dynamics Despite Increased Yield Stress

#50 New Concept of 'Entanglement Mpemba Effect' in Statistical Mechanics Offers Novel

Insights into Thermodynamic Behavior of Quantum Systems



#51 Onset of Transitional Flux-Avalanche Regime in Bulk NbTi Superconductors Precisely
Controlled by Thermal Boundary Conductance

#52 Unraveling the Impact of Weak Non-Conservative Dynamics on Pattern Formation in
Scalar Active Matter

#53 Lipid-Controlled Non-Monotonic Assembly and Rheology of Egg Yolk Protein at Water-
Soybean Qil Interface Elucidated

#54 CuspAl Forms Al Materials Foundry Network with 45 Organizations Including Meta and
Nvidia to Rapidly Discover Functional Materials, Overcome Synthesis and Manufacturing
Challenges

#55 Penn Engineers Develop MRI-Compatible Soft Robotic Microballoons to Observe Earliest
Moments of Stroke in Mice

#56 Scientists Develop First Gold Metacrystal Capable of Separating and Transporting
Quantum States at Room Temperature, Eliminating Cryogenic Needs for Quantum Tech

#57 Spatially Heterogeneous Relaxational Dynamics and Recoverable Strain Evolution
Uncovered in Ductile Nanocolloidal Glasses Following Flow Cessation

#58 Aggregation-Engineered Loss-Tolerant Strong Coupling Achieved in Metallic Microcavities
#59 Microscopic Derivation of Field Equation for Active Brownian Particles Contributes to
Modeling Self-Organization and Transport Phenomena

#60 Concordia University Develops Self-Healing Coating to Enhance Aircraft Engine Turbine
Durability and Efficiency

#61 ACS Langmuir Paper Reports Development of Dynamic Disulfide Bond-Functionalized
Self-Healing Resin Coatings for Quartz Sand Surface Modification

#62 Surface-Wave-Driven Metasurfaces Generate Custom Vector Light Fields, Contributing to
Advanced Optical Device Miniaturization

#63 MIT Physicists Observe Coexisting Electronic Phases of Two Charge Density Waves in
Erbium Tritelluride, Offering New Insights for Quantum Device Design

#64 SLAC Researchers Observe Copper's Surprising Melting Behavior at Extreme
Temperatures in Real-Time via Electron Camera, Aiding Fusion-Resistant Material
Development

#65 MIT Selected to Lead New NSF Materials Research Center, Securing $18 Million Over 6

Years for Key Research in Medical Imaging, Sustainable Production, Semiconductors, and
Magnetic Materials



#01 Deep Intelligent Pharma Expands Al Platform,
Drastically Shortening Advanced Materials Discovery
Cycle

Published August 10, 2026  FinancialContent (Deep Intelligent Pharma) USA
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| overview

Deep Intelligent Pharma (DIP) has significantly expanded its Al for materials science
platform to accelerate the discovery and optimization of advanced materials across
diverse fields including battery materials, semiconductors, special alloys, and
functional coatings. Integrating Al models, scientific computing, and materials
informatics, the platform aims to reduce the material development cycle from 10-20
years to a substantially shorter period. The technology can model material behavior
up to 1,700°C, enabling optimization of high-entropy alloys and special steels, and

supporting fatigue life and creep prediction.
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Key Findings

Deep Intelligent Pharma (DIP) has announced a significant expansion of its Al-for-science
platform, designed to accelerate the discovery and optimization of advanced materials
across a broad spectrum of industries. This includes critical sectors such as battery
materials, semiconductors, agrochemicals, special alloys and coatings, polymer
composites, advanced metals, and chemical catalysts. The company projects that this Al-
guided approach will drastically shorten the development cycle for new materials, which

traditionally spans 10-20 years.

Technical / Clinical Details

DIP's platform is built on an integrated framework combining advanced Al models with
scientific computing and materials informatics. This creates a closed-loop research
ecosystem that efficiently predicts material properties, screens potential candidates, and
minimizes the need for extensive physical experimentation. A key technical capability is
the platform's ability to accurately model material behavior under extreme conditions, up
to 1,700°C. This is particularly valuable for developing high-performance materials like
high-entropy alloys and special steels, which are crucial for demanding applications.
Beyond initial discovery, the technology also supports the optimization of functional
coatings and enables precise predictions of material fatigue life and creep, addressing

complex engineering challenges.

Background & Context

The global demand for innovative, high-performance materials is surging, driven by
advancements in electric vehicles, next-generation semiconductors, and aerospace
components. However, conventional materials development relies heavily on time-
consuming and costly trial-and-error methodologies. The integration of Al and materials
informatics has emerged as a disruptive force, offering data-driven solutions to
accelerate R&D pipelines. DIP's strategy aligns with this paradigm shift, aiming to
enhance the competitiveness of industries reliant on advanced materials by streamlining
the discovery-to-deployment process. This approach is vital for overcoming the current

bottlenecks in materials innovation.



Strategic Significance & Outlook

DIP's enhanced Al platform is poised to dismantle key barriers in new materials
development, facilitating the faster introduction of more sustainable and higher-
performing materials to the market. This will have profound implications across diverse
sectors, including energy storage, electronics, construction, and healthcare. The ability to
rapidly identify and optimize materials with specific properties, such as enhanced high-
temperature performance or improved fatigue resistance, translates directly into
competitive advantages and accelerated technological progress. Future developments
are expected to focus on further improving the accuracy of predictive models, handling
even more complex material systems, and potentially contributing to the realization of

fully autonomous materials laboratories.

Source: https://markets.financialcontent.com/wral/article/getnews-2026-8-10-deep-intelligent-pharma-

advances-ai-for-materials-science-and-advanced-material-discovery
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#02 Argonne Lab's 'DONUT' Al Accelerates X-ray Data
Analysis Tenfold for Real-Time Materials Discovery

Published August 10, 2026  Argonne National Laboratory News Room  USA

I OVERVIEW

Argonne National Laboratory has developed DONUT, a physics-aware machine
learning tool that enables real-time X-ray data analysis at the Advanced Photon
Source (APS). DONUT allows materials scientists to make on-the-fly decisions and
adapt experiments, accelerating insights into advanced material structures by over a
factor of ten. This capability is crucial for understanding material behavior in
technologies like batteries, catalysts, and advanced electronic devices, significantly

shortening development cycles.
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Key Findings

Argonne National Laboratory has unveiled DONUT, a physics-aware machine learning
tool designed for real-time X-ray data analysis at the Advanced Photon Source (APS).
This innovation is set to dramatically accelerate materials science research, allowing
scientists to make instantaneous decisions and adapt experiments dynamically. DONUT
unlocks deeper insights into the structure and behavior of advanced materials,

potentially speeding up discovery by more than ten times.

Technical / Clinical Details

DONUT's core capability lies in its ability to process and interpret massive datasets from
X-ray diffraction, scattering, and spectroscopy in real time. This allows researchers to
rapidly understand how materials behave in critical technologies such as batteries,
catalysts, and advanced electronic or magnetic devices. The physics-aware machine
learning models within DONUT are specifically designed to extract physically meaningful
parameters directly from raw experimental data, identifying material microstructure and
dynamic behavior on the fly. This dramatically enhances experimental efficiency,
reducing analysis times from days or weeks to mere minutes, thereby enabling more

agile and responsive research workflows.

Background & Context

X-ray-based materials characterization is indispensable for developing new materials, but
the sheer volume and complexity of generated data often create a significant bottleneck
in the research pipeline. Real-time elucidation of material synthesis processes and
functional mechanisms has long been a challenge in materials science. Tools like DONUT
are critical for addressing this, accelerating the entire process from material design and
characterization to optimization. This not only speeds up the market introduction of
high-performance new materials but also strengthens the competitive edge of related

industries, including those in clean energy and advanced electronics.



Strategic Significance & Outlook

The introduction of DONUT establishes a new paradigm in materials science research.
Scientists can now optimize experimental conditions, such as reagent concentrations,
temperature, and pressure, based on immediate feedback, leading to more efficient
synthesis of materials with desired properties. This translates to a rapid acceleration in
the discovery and optimization of new materials, fostering innovation across a wide
range of fields, including sustainable energy, high-performance electronics, and
biomedical technologies. In the long term, DONUT's capabilities position it as a
foundational technology for the development of fully autonomous materials

laboratories, further revolutionizing the scientific discovery process.

Source: https://www.anl.gov/article/a-taste-of-discovery-realtime-xray-data-analysis-with-donut-

accelerates-materials-science-at-argonne
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#03 University of Tennessee Secures $20M NSF Grant
for ATHENA: Pioneering Al-Driven Autonomous
Materials Discovery

Published August 12, 2026  University of Tennessee, Tickle College of Engineering  USA

| overview

The University of Tennessee (UT) has been awarded a $20 million NSF grant to
establish ATHENA, an Advanced Testbed for High-throughput Experimentation in
Nano- and Atomic Science. ATHENA will join a national network of Al-powered "self-
driving laboratories" designed to autonomously plan, conduct, and refine
experiments, accelerating scientific discovery. This initiative aims to speed up
materials characterization experiments by 10 to 30 times, focusing on the rapid

identification and optimization of advanced materials for real-world applications.
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Key Findings

The University of Tennessee (UT) has secured a substantial $20 million grant from the
National Science Foundation (NSF) to establish ATHENA, an Advanced Testbed for High-
throughput Experimentation in Nano- and Atomic Science. This state-of-the-art facility
will become a crucial component of a national network of Al-powered "self-driving
laboratories," designed to autonomously plan, execute, and refine experiments, thereby

dramatically accelerating the pace of scientific discovery.

Technical / Clinical Details

ATHENA is engineered to increase the speed of materials characterization experiments
by an impressive factor of 10 to 30 times. This acceleration is achieved through the
synergistic integration of Al and robotics, enabling the autonomous cycling of material
synthesis, characterization, and data analysis without human intervention. The primary
focus will be on nanoscale and atomic-scale materials, allowing for the rapid
identification and optimization of advanced materials across a broad range of
applications, including battery materials, catalysts, electronic devices, and
semiconductors. This capability empowers researchers to explore complex material
behaviors at scales and speeds previously unattainable, unlocking deeper insights into

fundamental properties and performance.

Background & Context

The development of new materials forms the bedrock of modern technological
innovation, yet traditional, trial-and-error-based approaches are often prohibitively time-
consuming and expensive. The concept of "self-driving laboratories," leveraging Al and
autonomous systems, promises to overcome these bottlenecks and fundamentally
transform the R&D process. Strategic investments by governments, such as this NSF
grant, aim to bolster leadership in materials science, strengthen supply chains, and
stimulate economic growth. ATHENA's establishment is a cornerstone of this national
strategy, poised to significantly accelerate materials science innovation within the United

States.



Strategic Significance & Outlook

Beyond accelerating materials discovery, ATHENA is expected to redefine how scientists
and engineers conduct research by integrating Al and robotics into the experimental
workflow. The technologies and discoveries emanating from this facility are anticipated
to lead to a wide array of real-world applications, including more energy-efficient
batteries, highly durable structural materials, and innovative electronic components.
Furthermore, this project will contribute to nurturing the next generation of materials
scientists and engineers, fortifying the human capital essential for future technological
advancements. Al-driven materials discovery holds the potential to explore uncharted
material landscapes and provide solutions to some of humanity's most pressing

challenges.

Source: https://tickle.utk.edu/mse/ut-secures-20m-nsf-grant-to-pioneer-breakthroughs-in-automated-

materials-discovery/
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#04 Japanese Scientists Develop Transparent Self-

Healing Polymer, Recovers 95% Toughness at Room
Temperature

Published August 06, 2026  Facebook (University of Tokyo, Osaka University Materials Science

Department, Science Magazine, MIT)  Japan

| overview

Japanese researchers have developed a transparent self-healing polymer based on
polyether-thioureas that can repair itself at room temperature simply by being
pressed together, even after being completely broken into two pieces. As rigid as
commercial glass, this material regains over 95% of its original toughness within a day
through reversible hydrogen bonding. This breakthrough promises applications in
electronics (e.g., phone screens), car bumpers, and aerospace components, moving

closer to "unbreakable" glass.
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Key Findings

Researchers in Japan have successfully developed a transparent self-healing polymer that
can fully repair itself at room temperature, even after being completely severed into two
distinct pieces. This groundbreaking material, based on polyether-thioureas, exhibits a
rigidity comparable to commercial glass while recovering over 95% of its original

toughness within a single day through a simple pressing action.

Technical / Clinical Details

The remarkable self-healing capability of this polymer is attributed to the presence of
reversible hydrogen bonds within its polyether-thiourea structure. When the material is
fractured, these bonds break, but upon bringing the two broken surfaces into contact at
room temperature, the hydrogen bonds spontaneously re-form, effectively stitching the
material back together. This mechanism eliminates the need for external stimuli such as
heat or light, which are often required by other self-healing materials. The polymer's
simultaneous achievement of high transparency and robust mechanical properties
represents a significant advance, overcoming the typical trade-offs seen in previous
generations of self-healing materials. The detailed repair mechanism has been elucidated
at the molecular level, demonstrating the dynamic rearrangement of these crucial

hydrogen bonds.

Background & Context

Self-healing materials are gaining significant attention for their potential to extend
product lifespans, reduce waste, and enhance safety, thereby contributing to a more
sustainable society. Transparent self-healing materials with superior mechanical
properties are particularly sought after for applications in consumer electronics like
smartphone screens, automotive components such as windshields and bumpers, and
even aerospace parts, where both clarity and durability are paramount. Traditionally,
damaged glass or plastics necessitate costly replacements, but self-healing technologies

offer a compelling solution for cost reduction and increased user convenience.



Strategic Significance & Outlook

The development of this transparent self-healing polymer marks a substantial step
toward realizing the long-sought goal of "unbreakable glass." Its immediate impact
could be felt in the electronics sector, where it could resolve the prevalent issue of
cracked or scratched screens, reducing repair costs and extending device longevity. In
the automotive and aerospace industries, it promises to enhance safety features and
simplify maintenance procedures. Future research will focus on optimizing the material's
long-term durability, scaling up manufacturing processes, and evaluating its
performance under a wider range of environmental conditions. These advancements will
be critical for enabling the widespread practical application of this transformative

technology.

Source: https://www.facebook.com/61590595771158/posts/researchers-in-japan-created-a-transparent-
self-healing-material-capable-of-rejo/122129489889353192/
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#05 CEMDI-PAIMS Symposium: Canada-Japan Initiative

Advances Materials Discovery via Computational
Science & Al

Published August 13,2026  EurekAlert! (INRS, PAIMS network of Japan) Canada

| overview

The CEMDI-PAIMS Symposium, a Canada-Japan initiative, recently concluded,
focusing on accelerating materials discovery through computational materials
science, Al, data, experimental insights, and international collaboration. The event,
themed "Advancing Data, Material Design, and Discovery," explored methods to
accelerate the design of next-generation functional materials for energy and
environmental applications. The symposium fostered international cooperation

through scientific presentations, workshops, and discussions on career development.
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Key Findings

The CEMDI-PAIMS Symposium, a collaborative initiative between Canada and Japan,
recently concluded, highlighting the critical role of computational materials science,
artificial intelligence (Al), data science, experimental insights, and international
cooperation in accelerating new materials discovery. The symposium underscored how
these interdisciplinary approaches are vital for designing next-generation functional

materials, particularly for applications in energy and environmental sectors.

Technical / Clinical Details

Under the central theme of "Advancing Data, Material Design, and Discovery,"
participants engaged in discussions regarding the transformative potential of Al and
machine learning in materials science research. Specific presentations covered
computational design methodologies for novel functional materials used in high-
performance batteries, catalysts, and smart sensors. Algorithms for data-driven materials
exploration and techniques for analyzing large-scale experimental datasets were also key
topics. The symposium demonstrated how computational materials science methods,
including quantum chemical calculations, molecular dynamics simulations, and first-
principles calculations, integrate with experimental work to enable efficient materials
development. These techniques are essential for predicting material physical and
chemical properties at the atomic level, significantly reducing experimental costs and

development timelines.

Background & Context

The realization of global challenges, particularly in clean energy, sustainable
environmental technologies, and high-performance information and communication
technologies, critically depends on the development of innovative functional materials.
Historically, materials development has been a laborious, trial-and-error-based process,
consuming vast amounts of time and resources. The integration of computational
materials science and Al is breaking these bottlenecks, allowing for the efficient
exploration of vast materials design spaces. Collaboration between Canadian and
Japanese research institutions in this field is highly strategic, combining their respective

expertise and resources to establish a competitive advantage in global R&D.



Strategic Significance & Outlook

International collaborations like the CEMDI-PAIMS Symposium are instrumental in
pushing the frontiers of materials science and laying the groundwork for technological
innovations aimed at a sustainable future. The exchange of knowledge and networking
among participants are expected to spark new research projects and collaborative
development opportunities, while also contributing to the training of the next generation
of materials scientists and engineers. Moving forward, Al and computational science,
through seamless integration with experimental efforts, are anticipated to further
automate the materials discovery process and enhance predictive accuracy. This
trajectory will facilitate the quicker introduction of high-performance, environmentally

friendly materials into society, addressing critical global needs.

Source: https://www.eurekalert.org/news-releases/1140001
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#06 Dopamine-Decorated Cellulose Nanofiber Aerogel
Composites Deliver Multifunctional Fire Safety,
Thermal Storage, and Noise Reduction

Published August 14, 2026  The Royal Society of Chemistry UK
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| overview

Researchers have developed dopamine-decorated cellulose nanofiber aerogel-based
phase change composites (CDAEs) that overcome common challenges in PCMs such
as leakage, low thermal conductivity, and flammability. These CDAEs exhibit improved
thermal conductivity (0.1419 W/m-K) and compressive strength, along with high
encapsulation capacity (>96%), excellent latent heat retention after 100 thermal
cycles, superior fire retardancy, and enhanced acoustic dampening. This
multifunctional material is promising for temperature regulation, fire protection, and

sound absorption.
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Key Findings

Researchers have successfully engineered dopamine-decorated cellulose nanofiber
aerogel-based phase change composites (CDAEs). This innovative material addresses
critical challenges inherent in traditional phase change materials (PCMs), such as leakage
during phase transition, low thermal conductivity, and flammability. The CDAEs
demonstrate improved thermal conductivity, reaching 0.1419 W/m-K, alongside
enhanced compressive strength, positioning them as highly promising multifunctional

materials for temperature regulation, fire safety, and noise reduction.

Technical / Clinical Details

The CDAEs are fabricated using N-eicosane as the phase change material, which is
modified with ammonium polyphosphate and dopamine. The dopamine decoration
facilitates robust encapsulation of the N-eicosane within the cellulose nanofiber aerogel
structure, effectively preventing leakage during melting. These composites exhibit an
impressive encapsulation capacity exceeding 96% and maintain excellent latent heat
retention even after 100 thermal cycles, indicating their long-term stability and
performance. Furthermore, their superior fire retardancy significantly elevates the
material's safety profile, making them suitable for applications where fire protection is
paramount. The porous structure of the aerogel also contributes to enhanced acoustic

dampening, providing effective sound absorption capabilities.

Background & Context

Phase change materials are recognized for their excellent thermal energy storage
capabilities and are explored for diverse applications, including energy-efficient
buildings, thermal management of electronics, and smart textiles. However, conventional
PCMs face intrinsic limitations such as liquid leakage upon melting, inherently low
thermal conductivity, and flammability concerns, which have hindered their widespread
practical application. Active research efforts focus on overcoming these issues, with
strategies like nano-engineering and surface modification emerging as promising
avenues. The development of CDAEs represents a comprehensive solution to these
challenges, opening new possibilities for multifunctional materials that integrate thermal

management with safety and acoustic properties.



Strategic Significance & Outlook

The multifunctional nature of CDAEs, capable of fulfilling multiple performance
requirements with a single material, makes them particularly attractive for applications in
building materials (e.g., smart windows, insulation), electronic heat dissipation
components, and automotive interiors. For instance, integration into building envelopes
could provide stable indoor temperatures, enhanced sound insulation, and improved fire
resistance simultaneously. Future work will focus on developing scalable manufacturing
processes and evaluating long-term performance and durability under various
environmental conditions. This material holds significant potential to contribute to the
construction of a sustainable society by enhancing both energy efficiency and safety in a

wide array of products and infrastructure.

Source: https://pubs.rsc.org/ta/article/doi/10.1039/D6TA06159A/1291088/Dopamine-Decorated-

Cellulose-Nanofiber-Aerogel?searchresult=1
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#07 Penn State Develops Flexible Thermoelectric
Generator to Boost Fuel Efficiency by 5-10% from
Waste Heat

Published August 11,2026  Facebook (Penn State University, Queensland University of Technology,

Stanford University, MIT)  USA

| overview

Researchers at Penn State University have developed a breakthrough flexible
thermoelectric generator (TEG) capable of converting waste heat from sources like
cars and factories into electricity, potentially boosting fuel efficiency by 5-10%.
Separately, Queensland University of Technology achieved a record 13% efficiency in
waste heat conversion by adding manganese to silver copper telluride. Stanford
University and MIT also found a new alternative for low-temperature waste-heat
conversion using an uncharged battery heated by waste heat, then charged and

cooled to produce electricity.
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Key Findings

Scientists at Penn State University have achieved a significant breakthrough with the
development of a flexible thermoelectric generator (TEG) designed to convert waste heat
from sources such as cars and factories directly into usable electricity. This innovative
technology holds the potential to improve fuel efficiency by 5-10%, marking a

substantial step forward in energy recovery and sustainability.

Technical / Clinical Details

The flexible TEG leverages the Seebeck effect to generate electricity from a temperature
gradient. Unlike many conventional, rigid thermoelectric materials, this new flexible
design can conform easily to curved or irregular surfaces, making it ideal for integration
with previously inaccessible waste heat sources like car exhaust pipes or industrial
pipelines. In a separate advancement, researchers at Queensland University of
Technology reported a record-breaking 13% efficiency in waste heat conversion by
incorporating manganese into silver copper telluride. This represents a substantial
improvement over existing thermoelectric materials, opening new avenues for high-
performance thermal energy harvesting. Furthermore, a team from Stanford University
and MIT pioneered a novel method for low-temperature waste-heat conversion: they
demonstrated that an uncharged battery, when heated by waste heat, then charged, and

subsequently cooled, can effectively produce electricity.

Background & Context

Globally, enormous amounts of waste heat are generated from industrial activities and
transportation, much of which is released into the atmosphere unutilized. This represents
not only a significant energy loss but also a contributor to environmental issues.
Thermoelectric generator technology, which converts heat directly into electricity, has
long been a promising solution to this challenge. Reducing reliance on fossil fuels and
building sustainable energy systems necessitates advancements in waste heat recovery
technologies. Key attributes like flexibility, high efficiency, and the ability to convert low-
grade heat are crucial for the widespread adoption and practical application of

thermoelectric generators.



Strategic Significance & Outlook

These advancements in thermoelectric generation are poised to have a far-reaching
impact across multiple sectors, including improved fuel efficiency in the automotive
industry, enhanced energy recovery in industrial plants, and self-powering capabilities for
wearable devices and |oT sensors. Penn State's flexible TEG offers ease of integration into
existing infrastructure due to its adaptable form factor. Queensland University of
Technology's high-efficiency materials will maximize power generation, while the novel
battery-based system from Stanford and MIT enables power recovery from previously
challenging low-temperature waste heat sources. As these technologies further integrate
and mature, power generation from waste heat is expected to become a core technology

within clean energy systems, increasing its importance in the global energy landscape.

Source: https://www.facebook.com/groups/1005778496594307/posts/2505719429933532/
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#08 EV Battery Thermal Management Advances with
Phase-Change Materials and Liquid Cooling for
Enhanced Safety and Efficiency

Published August 14, 2026  1JOER Engineering Journal Blog  USA

| overview

In 2026, battery thermal management in EVs is critical for safety and efficiency,
utilizing phase-change materials (PCMs) for passive cooling and liquid cooling for
active temperature regulation. PCMs like paraffin-based materials, salt hydrates, and
bio-based PCMs absorb and release latent heat to stabilize battery temperatures,
preventing overheating and extending battery life. The latest EV designs employ
hybrid systems combining PCMs for short-term heat absorption with liquid cooling

for sustained heat removal, improving energy efficiency and safety.
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Key Findings

As of 2026, battery thermal management in electric vehicles (EVs) is a paramount
concern for ensuring both safety and efficiency. The industry is increasingly relying on a
dual approach, employing phase-change materials (PCMs) for passive cooling strategies
and liquid cooling systems for active temperature regulation. This synergistic
combination is crucial for preventing battery overheating and optimizing overall

performance and lifespan.

Technical / Clinical Details

Phase-change materials operate by absorbing a large amount of heat (latent heat)
during a solid-to-liquid transition and releasing it during a liquid-to-solid transition. In
EV battery packs, various PCMs—including paraffin-based materials, salt hydrates, and
more environmentally friendly bio-based PCMs—are used to maintain battery cell
temperatures within their optimal operating range. This prevents thermal runaway,
stabilizes performance, and extends battery cycle life. The latest EV designs integrate
hybrid thermal management systems that capitalize on the short-term heat absorption
capacity of PCMs and the sustained heat removal capabilities of liquid cooling. This
hybrid approach ensures a more uniform temperature distribution across the entire
battery pack, significantly mitigating the risk of thermal runaway events and enhancing

both the charging/discharging efficiency and safety of EV batteries.

Background & Context

With the accelerating global adoption of EVs, battery performance and safety have
become primary consumer concerns. Overheating, particularly during rapid charging or
in high-temperature environments, can lead to performance degradation, reduced
lifespan, and in severe cases, thermal runaway events resulting in fires. Effective battery
thermal management systems are indispensable for mitigating these risks, thereby
bolstering the reliability and market competitiveness of EVs. The combination of PCMs
and liquid cooling offers superior thermal management performance compared to
conventional air-cooling systems, forming a critical foundation for the future evolution of

EV technology.



Strategic Significance & Outlook

The continuous evolution of hybrid thermal management systems will be instrumental in
driving further performance enhancements and broader adoption of EVs. As higher
energy density batteries and ultra-fast charging technologies are introduced, thermal
management requirements are expected to become even more stringent. Consequently,
future developments will likely focus on creating PCMs with higher latent heat capacities,
broader operating temperature ranges, and long-term stability. Simultaneously,
advancements in more compact, lightweight, and efficient liquid cooling systems will be
crucial. Furthermore, research into smart thermal management systems featuring Al-
powered predictive control and self-diagnostic capabilities is anticipated to accelerate,

elevating EV battery safety and performance to the next level.

Source: https://ijoer.com/blog/battery-thermal-management-2026-phase-change-materials-and-liquid-

cooling-for-ev-safety
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#09 Niron Magnetics Secures $150M Federal Loan to
Build Rare-Earth-Free Magnet Plant in Sartell,
Minnesota

Published August 10, 2026  Facebook (Niron Magnetics, eVAC Magnetics) USA

| overview

Minnesota-based Niron Magnetics has received a conditional federal loan
commitment of up to $150 million to construct a rare-earth-free permanent magnet
manufacturing plant in Sartell. This initiative aims to mass-produce sustainable and
cost-effective alternatives to traditional rare-earth-based magnets using abundant
iron and nitrogen. The move seeks to reduce reliance on geopolitically sensitive rare-
earth materials crucial for advanced technologies like semiconductors and EVs,

strengthening domestic supply chains and mitigating risks.
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Key Findings

Niron Magnetics, a company based in Minnesota, has secured a conditional direct loan
commitment of up to $150 million from the U.S. federal government. This significant
funding will enable the company to construct a manufacturing plant in Sartell dedicated
to producing rare-earth-free permanent magnets. The core objective is to mass-produce
sustainable and cost-effective alternatives to traditional rare-earth-based magnets,

utilizing abundant materials like iron and nitrogen.

Technical / Clinical Details

The rare-earth-free magnets developed by Niron Magnetics are based on innovative
materials science leveraging iron and nitrogen, aiming to achieve magnetic properties
comparable to or superior to conventional neodymium or samarium-cobalt magnets,
without relying on scarce rare-earth elements. The planned manufacturing facility is
projected to produce several thousand tons of these magnets annually, supplying high-
performance applications such as electric vehicle (EV) motors, wind turbines, industrial
robotics, and semiconductor manufacturing equipment. This technology is critical for
substantially reducing geopolitical supply risks associated with rare-earth materials.
Concurrently, another U.S. company, eVAC Magnetics, launched a plant in Sumter, South
Carolina, in fall 2025, marking the first domestic production of rare-earth magnets in 25
years, supported by a $111.9 million tax credit, underscoring the strong commitment to

fortifying the U.S. rare-earth supply chain.

Background & Context

High-performance permanent magnets are indispensable components in numerous
modern high-tech industries, especially in EVs, renewable energy, and defense sectors.
However, rare-earth elements, which are primary materials for these magnets, have
highly concentrated global supply chains, consistently posing geopolitical risks and
supply chain vulnerabilities. The U.S. government is actively pursuing strategies to
enhance domestic production capabilities for rare-earth-related materials and reduce
foreign dependence. The substantial loan to Niron Magnetics is an integral part of this
national strategy, viewed as a critical investment in building a more stable and resilient

domestic supply chain.



Strategic Significance & Outlook

The construction of Niron Magnetics' rare-earth-free magnet plant is expected to have a
significant impact on the global permanent magnet market. Successful deployment of
rare-earth-free technology will enhance supply chain stability and potentially reduce
manufacturing costs, accelerating the adoption of EVs and renewable energy
technologies. Furthermore, this initiative aligns with the broader trend of
environmentally conscious material development, supporting the transition toward a
sustainable society. As this technology gains wider adoption, industries are expected to
become less vulnerable to rare-earth-related risks, establishing a more robust

manufacturing foundation.

Source: https://www.facebook.com/knsiradio/posts/niron-magnetics-has-received-a-conditional-

commitment-from-the-federal-governmen/1687939763337466/
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#10 University of Science and Technology of China
Develops Compact ‘Cubic-Metalens’ for Sharp Imaging
Across Broad Distances

Published August 12,2026 IEEE  China

| overview

Researchers at the University of Science and Technology of China have developed a
flat "cubic-metalens” that integrates optical lens and focus-correcting functionalities
into a single ultrathin metasurface. This device captures sharp images across a wider
range of distances, overcoming the limited depth of focus in conventional cameras
and reducing the need for constant mechanical refocusing. The cubic-metalens uses
nanoscale silicon structures to manipulate light, enabling thinner, more stable

cameras for biomedical imaging and machine vision.



| N DEPTH

Key Findings

Researchers at the University of Science and Technology of China have developed an
innovative flat optical device, dubbed the "cubic-metalens," which integrates both
conventional optical lens and sophisticated focus-correcting functionalities into a single
ultrathin metasurface. This pioneering technology promises to overcome the inherent
limitations of conventional cameras, enabling the capture of sharp images across a
significantly wider range of distances without the need for constant mechanical

refocusing.

Technical / Clinical Details

The cubic-metalens achieves its advanced capabilities by employing nanoscale silicon
structures to precisely manipulate the path of light. This allows for the simultaneous
focusing of multiple wavelengths of light, resulting in clear image formation for objects
located at varying depths. Unlike traditional camera lens systems that often require a
complex array of multiple lenses to adjust focal length, this metalens accomplishes
superior or equivalent functionality with just a single, ultrathin surface. Furthermore, its
polarization-insensitive design ensures stable performance across diverse lighting
conditions. The specific design of this metalens integrates a lens and a wavefront-coding
phase mask into a single ultrathin metasurface, thereby achieving its unique defocus-

resistant properties.

Background & Context

The evolution of camera technology demands both miniaturization and enhanced
performance across various applications, from smartphones and drones to satellites.
However, the fundamental physical principles of traditional optical lenses necessitate a
certain thickness and complex structural configurations, which inherently limit device
miniaturization and design flexibility. Maintaining a wide depth of field while consistently
producing sharp images is particularly crucial for fields such as biomedical imaging,
machine vision, and autonomous driving technologies. Metalens technology has
emerged as a promising next-generation optical element capable of transcending the

limitations of conventional optical systems.



Strategic Significance & Outlook

The cubic-metalens holds the potential to fundamentally transform the future of camera
technology. In biomedical imaging, for instance, it could lead to the development of
higher-resolution and more compact endoscopes and microscopes, thereby improving
diagnostic accuracy and advancing minimally invasive treatments. For machine vision
and autonomous driving, it promises accurate real-time distance measurement and
object recognition, enhancing safety and efficiency. Future integration into smartphones
and wearable devices is also anticipated, paving the way for thinner, more robust, and
higher-performance cameras. This technology has the capacity to drastically reduce the

overall footprint of optical systems and accelerate the creation of novel applications.

Source: https://ieeephotonics.org/announcements/ieee-study-develops-a-compact-metalens-that-keeps-

images-sharp-across-different-distances/
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#11 MMTA Report Highlights High-Entropy Alloys for
High-Performance Aerospace and Cryogenic
Applications

Published August 07, 2026 MMTA (Minor Metals Trade Association) Canada

| overview

The MMTA (Minor Metals Trade Association) has released an introductory report on
High-Entropy Alloys (HEAs), metallic materials composed of five or more principal
elements in roughly equal concentrations, offering unique properties over traditional
alloys. The report discusses manufacturing techniques like laser powder-bed fusion
and mechanical alloying, and their applications in aerospace, cryogenics, and tooling
for exceptional toughness and wear resistance. Companies like High Entropy
Materials, Inc. (Taiwan) are commercializing HEAs, with active research continuing at

institutions like Metalysis in the UK.
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Key Findings

The MMTA (Minor Metals Trade Association) has published a concise introductory report
on High-Entropy Alloys (HEAs). HEAs represent a novel class of metallic materials,
characterized by containing five or more principal elements in approximately equal
atomic concentrations. This unique composition endows HEAs with properties that are
often unattainable with traditional alloys. The report outlines the fundamental concept of
HEAs, their manufacturing techniques, and specific application potentials in demanding

sectors such as aerospace, cryogenics, and tooling.

Technical / Clinical Details

The defining characteristic of HEAs is their tendency to form a high-entropy state due to
the random mixing of multiple elements. This leads to exceptional mechanical strength,
hardness, wear resistance, corrosion resistance, high-temperature stability, and cryogenic
toughness, surpassing many conventional alloys. The report highlights advanced
manufacturing methods for HEAs, including laser powder-bed fusion (LPBF) 3D printing
and mechanical alloying. LPBF is particularly promising for aerospace applications due to
its ability to produce complex geometries with high precision. Companies like High
Entropy Materials, Inc. in Taiwan are already commercializing HEA products, while
research institutions such as Metalysis in the UK are actively pursuing further property

enhancements and the development of new compositions.

Background & Context

In materials science, there is an incessant demand for higher-performance and more
durable materials. This is especially true for applications in extreme environments, such
as those found in the aerospace, energy, and medical device industries, where
conventional alloys often reach their limits. HEAs, with their unique structure and
superior properties, are generating significant excitement as next-generation materials
capable of addressing these challenges. From the perspective of supply chain
diversification, the development of HEAs that do not rely on specific rare or critical

elements holds strategic importance for industries worldwide.



Strategic Significance & Outlook

The immense potential of HEAs suggests they could revolutionize a wide array of
industrial sectors through ongoing research, development, and commercialization.
Specific applications are anticipated in jet engine components requiring high heat and
corrosion resistance, high-efficiency energy conversion devices, and medical implants.
Future efforts will focus on further elucidating HEA design principles, establishing large-
scale production technologies, and improving cost-effectiveness to facilitate market
penetration. International collaboration among research institutions and industrial

partners is expected to further accelerate progress in this rapidly evolving field.

Source: https://mmta.co.uk/view-from-north-america-a-brief-introduction-to-high-entropy-alloys/

Collected: August 14, 2026 | Automated Research System (Gemini API)


https://mmta.co.uk/view-from-north-america-a-brief-introduction-to-high-entropy-alloys/

#12 Smart Polymers and Natural Rubber Point to
Greener Materials Futures through Self-Healing
Systems

Published August 08, 2026  Asia Research News Singapore

A\
A

| overview

Recent discussions highlighted the future of greener materials through smart
polymers and natural rubber, focusing on self-healing polymer systems. These
materials, including rubber and hydrogels, utilize molecular interactions like hydrogen
bonding and metal-ligand coordination to recover function after damage. Their
sustainability potential lies in their ability to indicate damage, recover function, or
extend useful life, reducing the need for premature replacement in applications such

as coatings, adhesives, and composites.
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Key Findings

Recent industry conferences and research presentations have highlighted the potential
of smart polymers and natural rubber to pioneer a future of greener materials through
advanced self-healing polymer systems. These materials harness dynamic intermolecular
interactions, such as hydrogen bonding and metal-ligand coordination, to autonomously

restore their functionality after sustaining damage.

Technical / Clinical Details

The self-healing capabilities of smart polymers and natural rubber are predicated on
reversibly interacting molecular architectures. For instance, in systems utilizing hydrogen
bonds, broken bonds resulting from damage can re-form at room temperature or with
mild heating, thereby restoring the material's structural integrity and function. Similarly,
metal-ligand coordination systems facilitate self-repair through reversible bond
formation and dissociation. Some of these materials also possess a "damage indication”
function, enabling them to self-detect and signal damage, which can prompt proactive
maintenance or repair. This intrinsic ability significantly extends the useful lifespan of
materials, reducing the necessity for frequent replacement in a wide array of

applications, including coatings, adhesives, and composite structures.

Background & Context

Contemporary society places increasing emphasis on sustainability, prioritizing the
reduction of environmental impact throughout a product's entire lifecycle. In materials
science, the urgent challenge is to develop "green materials" that contribute to waste
reduction, resource conservation, and decreased energy consumption. Self-healing
materials offer an effective solution to this challenge by enhancing product durability
and extending lifespan. Particularly, the combination of bio-derived materials like natural
rubber with smart polymers is highly significant, as it promotes the use of renewable

resources and minimizes environmental footprint.



Strategic Significance & Outlook

The evolution of self-healing smart polymers and natural rubber represents a crucial step
toward achieving a circular economy. These materials hold the potential to enhance the
durability and environmental performance of various products, such as automotive tires
and body panels, aircraft structural components, and protective coatings for electronics.
Future research and development will focus on further improving self-healing efficiency,
establishing scalable manufacturing technologies, and optimizing cost-effectiveness.
Additionally, evaluating self-healing capabilities under more complex environmental
conditions (e.g., underwater or extreme temperature fluctuations) will be vital. These
materials are expected to expand their role as foundational technologies for building a

sustainable future society.

Source: https://www.asiaresearchnews.com/content/smart-polymers-and-natural-rubber-point-greener-

materials-futures
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#13 High Refractive Index Silver Nanoparticle
Metamaterials Achieve 72% of Fundamental Bounds,
Advancing Optical Miniaturization

Published August 06, 2026 ChemRxiv.  Unknown

| overview

This preprint explores dense assemblies of silver nanoparticles as a scalable route to
high-index optical metamaterials. Researchers synthesized quasi-spherical silver
nanoparticles (17-66 nm diameter) and assembled them into close-packed
monolayers, achieving size-dependent refractive indices from 4.4 to 10.3 with high
index and low loss. The study introduces an analytical model that quantitatively
reproduces optical constants and identifies the interparticle gap as the dominant
factor controlling index and loss, with the best assemblies reaching 72% of

fundamental limits for silver/air composites.



| N DEPTH

Key Findings

This preprint demonstrates that dense assemblies of silver nanoparticles offer a highly
promising and scalable pathway to creating high-refractive-index optical metamaterials.
The research team successfully synthesized quasi-spherical silver nanoparticles ranging
from 17 to 66 nm in diameter and subsequently assembled them into closely packed
monolayers. This approach yielded size-dependent refractive indices spanning from 4.4

to 10.3, characterized by both high index values and minimal optical loss.

Technical / Clinical Details

The study introduces a sophisticated analytical model that accurately reproduces the
observed optical constants, thereby elucidating the underlying mechanism for achieving
simultaneous high refractive index and low loss. Critically, the interparticle gap was
identified as the predominant factor controlling both the refractive index and optical loss
within these assemblies. The most optimized configurations of these nanoparticles
achieved an astonishing 72% of the fundamental physical limits for silver/air composites.
This performance signifies an unprecedented level of light manipulation capabilities that
were previously unattainable with conventional optical materials. The technology holds
potential for relatively straightforward and scalable manufacturing by combining

nanoparticle synthesis with self-assembly techniques.

Background & Context

Metamaterials, artificial materials possessing unique optical properties not found in
nature (such as negative or ultra-high refractive indices), are expected to play a crucial
role in next-generation optical devices. Specifically, high-refractive-index materials have
the potential to dramatically enhance the performance of various optical systems,
including lens miniaturization, high-performance optical waveguides, and improved
sensor sensitivity. However, many previous high-refractive-index metamaterials have
faced challenges related to complex fabrication processes and scalability. The approach
utilizing silver nanoparticles addresses these hurdles, paving the way for practical

applications.



Strategic Significance & Outlook

The development of these high-refractive-index silver nanoparticle metamaterials holds
the potential to revolutionize the miniaturization and performance enhancement of
optical devices. For example, it could enable ultra-thin camera lenses for smartphones
and wearable devices, facilitate higher speeds and efficiencies in optical communication
systems, and boost the detection limits of biosensors. Future research will likely focus on
achieving even higher refractive indices, extending operational spectral ranges, and
reducing manufacturing costs. This technology is poised to serve as a foundational
platform for generating new breakthroughs across the field of photonics, driving
innovation in areas ranging from consumer electronics to advanced scientific

instrumentation.

Source: https://chemrxiv.org/doi/abs/10.26434/chemrxiv.15007098/v1
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#14 i2Cool Launches 'i2Coating CorroCool': Silane-
Based Functional Coating Combining Passive Cooling
and C5 Corrosion Protection

Published August 12, 2026  Trend Hunter (citing i2Cool) Hong Kong

| overview

i2Cool has launched i2Coating CorroCool, a silane-based functional coating offering
both passive radiative cooling and C5 high-durability corrosion protection for
industrial metal assets. Inspired by the Sahara silver ant's heat dissipation, this coating
achieves at least 92% solar reflectance and 95% thermal emittance, while forming a
dense physical barrier against moisture and corrosive agents. This dual-function
coating represents a significant departure from conventional single-purpose
protective coatings, addressing thermal management and corrosion resistance

simultaneously without electricity.
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Key Findings

i2Cool has unveiled an innovative silane-based functional coating named 'i2Coating
CorroCool.' This new product provides industrial metal assets with a dual functionality:
passive radiative cooling and C5 high-durability corrosion protection, addressing two

critical industrial needs simultaneously in a single application.

Technical / Clinical Details

'i2Coating CorroCool' draws inspiration from the exceptional heat dissipation capabilities
of the Sahara silver ant. The coating achieves remarkable optical properties,
demonstrating at least 92% solar reflectance and 95% thermal emittance. This high
performance minimizes heat absorption from sunlight and efficiently radiates existing
heat away, effectively suppressing the temperature rise of the coated asset. Concurrently,
the silane-based composition forms a dense, robust physical barrier on the metal
surface, providing potent protection against the ingress of moisture, salts, acids, and
other corrosive agents. This ensures C5-class high-durability corrosion protection,
suitable for the most severe environmental conditions. This dual functionality is achieved
within a single coating layer, eliminating the need for separate thermal management and

corrosion protection systems, thereby simplifying installation and reducing overall costs.

Background & Context

Metal assets in industrial facilities and infrastructure are continuously exposed to
degradation from high temperatures and corrosive environments, incurring enormous
costs and labor for maintenance and replacement. Solar heating, in particular, can
accelerate corrosion and reduce the operational efficiency of equipment. Traditional
solutions often address cooling and corrosion independently, leading to complex
systems and high operational expenses. i2Cool's 'i2Coating CorroCool' responds to these
challenges by offering a 'passive' approach that integrally solves both issues without

electricity consumption, meeting a critical need in industrial sectors.



Strategic Significance & Outlook

'i2Coating CorroCool' is set to become a groundbreaking solution for a wide range of
industrial metal assets exposed to sunlight and high corrosion risks, such as
petrochemical plants, offshore structures, roofs, storage tanks, and pipelines. This
product is expected to contribute to extending equipment lifespan, reducing
maintenance costs, and improving energy efficiency, thereby promoting sustainable
industrial operations. Future developments may include adapting the coating for more
diverse materials and environmental conditions, as well as integrating it with 10T sensors
for smart coating systems. This dual-functional coating represents a significant
advancement in the field of functional materials and holds the potential to create new

market opportunities.

Source: https://www.trendhunter.com/trends/functional-coating
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#15 Computational Design and Experimental Validation

Lead to Sustainable Polysaccharide Hydrogels for Oil
Spill Remediation

Published August 06, 2026  ChemRxiv  Unknown

t

-

| overview

This preprint investigates the computational design and experimental validation of
ecofriendly polysaccharide hydrogels surface-modified with non-toxic
polydimethylsiloxane (PDMS) for sustainable oil spill remediation. Ten PDMS-
polysaccharide systems were designed using molecular docking simulations and
density functional theory, with three selected for physical synthesis and testing
(pectin, guar gum, and agarose hydrogels). The research aims to develop materials

with comparable absorption to conventional oil spill remediators.
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Key Findings

This preprint details a research effort focused on developing sustainable, eco-friendly
polysaccharide hydrogels surface-modified with non-toxic polydimethylsiloxane (PDMS)
for oil spill remediation. Through a combination of computational design and
experimental validation, the study aims to create materials with oil absorption

capabilities comparable to, or even superior to, conventional oil spill remediators.

Technical / Clinical Details

The research team initially employed advanced computational chemistry techniques,
specifically molecular docking simulations and Density Functional Theory (DFT)
calculations, to design ten distinct PDMS-polysaccharide systems. Based on these
computational predictions, three particularly promising systems—pectin hydrogels, guar
gum hydrogels, and agarose hydrogels—were physically synthesized and experimentally
tested for their oil absorption performance. The PDMS surface modification effectively
converts the inherent hydrophilic nature of the polysaccharide hydrogels to
hydrophobicity, thereby enhancing their selective oil adsorption capacity. This hybrid
material simultaneously achieves high oil absorption capacity and the ability to retain oil
in water, enabling efficient oil spill recovery. Furthermore, being polysaccharide-based,

the materials are biodegradable, reducing the risk of secondary environmental pollution.

Background & Context

Oil spills inflict severe damage on marine ecosystems, and their cleanup and remediation
incur immense costs and time. Conventional oil spill remediation technologies often face
challenges such as secondary pollution from chemical dispersants or low recovery
efficiency of adsorbents. In recent years, there has been a growing demand for the
development of low-environmental-impact, sustainable materials for oil adsorbents.
Natural polysaccharides, known for their excellent biocompatibility and biodegradability,
are gaining attention as a basis for next-generation oil spill remediators. The use of
computational science in design is becoming an indispensable tool for reducing trial-

and-error experiments and accelerating the development process.



Strategic Significance & Outlook

The development of these PDMS-surface-modified polysaccharide hydrogels opens new
horizons for environmentally conscious solutions in oil spill response. Future work will
involve further optimizing this technology and evaluating its adsorption performance
across various types of oil and environmental conditions. Additionally, the development
of large-scale manufacturing processes, cost reduction strategies, and field trials in
actual marine environments will pave the way for the practical implementation of these
materials. This research is expected to significantly contribute to marine ecosystem

protection and sustainable environmental management globally.

Source: https://chemrxiv.org/doi/abs/10.26434/chemrxiv.15007105/v1
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#16 Flexible PCM Nanocomposite Sheet with Hybrid

Fillers Shows Promise for Advanced Passive Processor
Cooling

Published August 07, 2026  Journal of Environmental Nanotechnology =~ Unknown

| overview

This work details the development of a flexible phase change material (PCM)
nanocomposite sheet for advanced passive cooling of processors. The composite uses
paraffin wax as the base PCM, reinforced with bio-carbon from agricultural waste,
bentonite nanoclay, and cellulose fibers, fabricated via a controlled hot-press method.
The hybrid filler system improves heat transfer, suppresses leakage, and enhances

mechanical stability, showing promising potential for processor cooling and electronic

thermal management.
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Key Findings

This research successfully developed a flexible phase change material (PCM)
nanocomposite sheet specifically designed for advanced passive cooling applications in
processors. This innovative composite significantly enhances heat transfer, effectively
suppresses material leakage during phase transition, and improves overall mechanical

stability through the strategic incorporation of a hybrid filler system.

Technical / Clinical Details

The composite sheet was meticulously fabricated using a controlled hot-press method.
While paraffin wax serves as the base PCM, offering high latent heat capacity for
effective thermal energy storage, it typically suffers from leakage when melted. To
counter this, a hybrid filler system comprising bio-carbon derived from agricultural
waste, bentonite nanoclay, and cellulose fibers was integrated. The bio-carbon
contributes to enhanced thermal conductivity, while the bentonite nanoclay and
cellulose fibers physically inhibit PCM leakage and collectively improve the composite's
mechanical strength and flexibility. The resulting composite sheet demonstrated
excellent thermal cycling stability, maintaining its performance even after repeated
heating and cooling cycles. This system proves highly effective in stabilizing the
temperature of high-heat-generating components like processors, preventing

performance degradation and extending lifespan due to overheating.

Background & Context

Modern electronic devices, particularly high-performance processors, generate
dramatically increasing amounts of heat as integration and processing speeds advance.
Effective thermal management is crucial for maintaining device performance, reliability,
and lifespan. However, conventional active cooling systems (e.g., fans) present challenges
such as noise, power consumption, and space constraints. Passive cooling offers a
promising alternative to overcome these issues, with PCM-based systems gaining
attention as silent, energy-efficient thermal management solutions. Yet, standalone PCMs
have been hindered by leakage and low thermal conductivity. This hybrid
nanocomposite material provides an integrated solution to these challenges, enabling

further evolution of high-performance electronic devices.



Strategic Significance & Outlook

This flexible PCM nanocomposite sheet holds significant potential as a thermal
management solution across a wide array of applications, including high-performance
computing, data centers, mobile devices, and wearable electronics. Its flexibility offers a
distinct advantage for applications requiring thin and lightweight designs. Future
research will focus on exploring materials with even higher thermal conductivity and
latent heat capacity, utilizing different types of agricultural waste-derived materials, and
developing large-scale manufacturing processes. This technology is expected to provide
a sustainable and high-performance solution to thermal issues in electronics, vigorously

driving the development of next-generation electronics.

Source: https://nanoient.org/journals/index.php/jent/article/view/2826
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#17 High-Entropy Alloy Nanomaterials Boost
Electrocatalytic Multi-Electron Transfer Reactions,
Revolutionizing Clean Energy Conversion and Chemical
Synthesis

Published August 06, 2026 PMC  Unknown

| overview

High-entropy alloy (HEA) nanomaterials are emerging as promising catalyst platforms
for electrocatalytic multi-electron transfer reactions, crucial for clean energy
conversion and chemical synthesis. Their diverse local atomic environments, tunable
electronic structures, and enhanced structural stability allow for flexible regulation of
complex reaction pathways, overcoming limitations of conventional catalysts. HEA
development, evolving from bulk to nanoscale materials, leverages high-entropy,
sluggish diffusion, lattice distortion, and cocktail effects for excellent stability and

corrosion resistance.
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Key Findings

High-entropy alloy (HEA) nanomaterials are rapidly gaining recognition as exceptionally
promising catalytic platforms for electrocatalytic multi-electron transfer reactions, which
are indispensable for advancing clean energy conversion and chemical synthesis. These
materials effectively overcome the inherent limitations of conventional catalysts by
offering diverse local atomic environments, tunable electronic structures, and
significantly enhanced structural stability, enabling flexible control over complex reaction

pathways.

Technical / Clinical Details

The unique advantages of HEA nanomaterials stem from their composition, typically
comprising five or more principal elements in near-equiatomic proportions, which
creates a highly diverse local atomic environment at the nanoscale. This high-entropy

state gives rise to distinct mechanisms such as the "sluggish diffusion effect," "lattice
distortion effect," and "cocktail effect." These effects enable precise tuning of the
electronic state of catalytic active sites, thereby enhancing selectivity and efficiency for
specific reaction pathways. For multi-electron transfer reactions like oxygen reduction
(ORR) or hydrogen evolution (HER), HEAs can dramatically improve reaction kinetics by
optimizing the adsorption energies of intermediates. Furthermore, the synergistic
interaction among multiple metallic elements in HEA nanomaterials results in superior
stability and corrosion resistance compared to single-element or binary alloy catalysts,

ensuring long-term performance under harsh electrochemical conditions.

Background & Context

The progression of clean energy technologies, particularly fuel cells, water electrolysis,
and CO2 reduction, critically relies on the development of highly efficient and durable
electrocatalysts. However, existing catalysts, often noble-metal-based, are plagued by
high costs, limited supply, and challenges related to activity and stability. The advent of
HEA nanomaterials offers an innovative solution to these problems, facilitating a shift
towards catalysts composed of cheaper, more abundant elements. This transition holds

immense significance for the construction of sustainable energy systems globally.



Strategic Significance & Outlook

HEA nanomaterials possess the potential to be game-changers in the field of
electrocatalysis. Future applications are anticipated in more complex multi-electron
transfer reactions, such as nitrogen reduction (NRR) and alcohol oxidation. Research will
increasingly focus on designing HEA compositions optimized for specific reactions,
precise control over nanostructures, and the development of large-scale synthesis
methods. This will accelerate the creation of next-generation catalysts balancing
performance, durability, and cost-effectiveness for a wide range of devices, including fuel
cells, water electrolyzers, and chemical sensors. This technology is expected to play a

crucial role in achieving clean energy and sustainable chemical synthesis.

Source: https://pmc.ncbi.nlm.nih.gov/articles/PMC13218051/
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#18 Fully Bio-Derived Vitrimer from Lignin and
Soybean Oil Integrates Photothermal Conversion, Self-
Healing, and Recyclability

Published August 10, 2026  ACS Publications  USA

Bierth of fully bio-derived vitrimers
from integrating self-healing, recycling,
photthermal conversion

Bech News

| overview

Researchers have developed a fully bio-derived vitrimer from lignin and soybean oil,
exhibiting robust mechanical properties, remarkable self-healing, recyclability, and
photothermal conversion capacities. This material can repair scratches within 10
minutes at 80°C and be fully recycled with approximately 90% strength retention after
five reprocessing cycles. The vitrimer also functions as an efficient photothermal
coating for thermoelectric generation, showcasing its potential in solar energy
harvesting and providing a new paradigm for lignin utilization in advanced,

multifunctional smart materials.
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Key Findings

Researchers have successfully synthesized a fully bio-derived vitrimer from lignin, a major
component of wood, and soybean oil. This groundbreaking material integrates robust
mechanical properties with remarkable self-healing capabilities, excellent recyclability,
and efficient photothermal conversion capacity, marking a significant advancement in

sustainable materials science.

Technical / Clinical Details

The unique properties of this bio-derived vitrimer are governed by the cooperative
exchange reactions of hydrogen and imine bonds within its molecular structure. The
material demonstrates rapid self-healing, capable of repairing scratches within 10
minutes when heated to 80°C, showcasing high healing efficiency. Furthermore, it
exhibits impressive recyclability, retaining approximately 90% of its original strength after
undergoing five reprocessing cycles, which significantly extends material lifespan and
contributes to waste reduction. Beyond its mechanical and restorative properties, the
vitrimer also functions as an efficient photothermal coating for thermoelectric
generation. It can absorb sunlight and convert it into heat, which can then be converted
into electricity, demonstrating its potential for solar energy harvesting and its versatility

as a multifunctional smart material.

Background & Context

The global push towards sustainable development has accelerated the search for bio-
derived materials to replace fossil-fuel-based plastics. Lignin, an abundant byproduct of
plant biomass, has traditionally faced limitations in high-value applications due to its
complex structure, while soybean oil is another promising renewable resource. The
combination of these two to form a vitrimer, endowed with "smart functions" like self-
healing and recyclability, opens new avenues for achieving both sustainability and high
performance in materials. This innovation addresses the challenges of conventional

thermoplastics and thermosets, offering a material that supports a circular economy.



Strategic Significance & Outlook

This lignin and soybean oil-derived vitrimer holds vast potential for applications across
numerous sectors, including packaging, automotive components, building materials, and
electronic casings. Its photothermal conversion capacity, in particular, could contribute to
improving solar panel efficiency and developing eco-friendly thermoelectric generation
devices. Future efforts will focus on evaluating its durability under more extreme
environmental conditions, developing large-scale manufacturing processes, and
optimizing cost-effectiveness. This material has the potential to establish a new
paradigm in the effective utilization of bio-derived resources and the design of

sustainable, multifunctional smart materials, driving innovation for a greener future.

Source: https://pubs.acs.org/aapmcd/article/doi/10.1021/acsapm.6c02139/5251563/A-Fully-Bio-Derived-

Vitrimer-from-Lignin-and
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#19 Copper Nanoclusters Boost Flame Retardancy and
Antimicrobial Activity of Water-Borne Polyurethane for
Hygiene-Sensitive Environments

Published August 10, 2026  European Coatings (citing Progress in Organic Coatings) Germany

| overview

Researchers engineered a water-borne polyurethane (WPU) composite by
incorporating casein-templated copper nanoclusters as a green multifunctional
nanofiller, significantly enhancing flame retardancy and antimicrobial activity. This
system also exhibited improved mechanical performance (tensile strength and
elongation at break) and a transition from hydrophilic to hydrophobic behavior. The
work demonstrates a synergistic strategy for developing multifunctional water-borne

coating solutions, particularly for hygiene-sensitive or safety-critical environments.



| N DEPTH

Key Findings

Researchers have successfully incorporated casein-templated copper nanoclusters as a
green, multifunctional nanofiller into a water-borne polyurethane (WPU) composite. This
innovative composite material significantly enhances both the flame retardancy and
antimicrobial activity of WPU, while also demonstrating improved mechanical
performance and a notable transition from hydrophilic to hydrophobic surface behavior.
This achievement showcases a synergistic strategy for developing versatile water-borne
coating solutions, particularly for environments demanding stringent hygiene and safety

standards.

Technical / Clinical Details

The casein-templated copper nanoclusters (Cu NCs), when uniformly dispersed within
the WPU matrix, impart multifaceted improvements to the material's properties. In terms
of flame retardancy, the Cu NCs promote char layer formation and suppress the release
of flammable pyrolysis gases, effectively inhibiting fire propagation. The antimicrobial
activity is attributed to the copper ions released from the Cu NCs, which damage
bacterial cell walls and DNA, thereby preventing proliferation. This makes the coating
highly effective against microbial growth on surfaces in critical hygiene areas such as
medical device surfaces, food processing facilities, and public spaces. Mechanical
performance improvements were observed as an increase in both tensile strength and
elongation at break, as the Cu NCs likely act as reinforcing agents and crosslinking
points within the WPU chains. Furthermore, the composite material's surface exhibited
an increased contact angle with water due to the hydrophobic nature of the copper

nanoclusters, suggesting enhanced self-cleaning and anti-fouling properties.



Background & Context

Water-borne polyurethanes are widely adopted as environmentally friendly coating
materials, driven by tightening regulations on volatile organic compound (VOC)
emissions. However, many applications require additional functionalities such as
enhanced flame retardancy, antimicrobial properties, and improved mechanical strength.
In sensitive environments like hospitals, food factories, and public transportation, where
infection risks are high and fire safety is paramount, multifunctional coatings are
indispensable. Previous research often relied on separate additives for each desired
function, which could compromise the overall balance of material properties. This study
offers a more efficient and integrated approach by resolving multiple challenges with a

single, multifunctional nanofiller.

Strategic Significance & Outlook

This WPU composite material, incorporating copper nanoclusters, holds significant
promise as an innovative coating solution for the medical and healthcare sectors, food
industry, and architectural/public facilities where hygiene is critical. For instance, applying
it to hospital surfaces, food containers, or public transport seating and interiors could
help maintain safe and clean environments, contributing to public health and safety. The
next steps for practical implementation will involve detailed evaluations of its industrial-
scale production feasibility, long-term durability, and environmental safety. This
technology is poised to expand the market for high-value, sustainable coating solutions

globally.

Source: https://www.european-coatings.com/news/coatings-technologies/copper-nanoclusters-boost-

flame-and-microbial-resistance-of-wpu/
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#20 Lead-Free KNN Ceramics Achieve Giant

Electrostrain of 1068 pm/V via Defect and Domain
Engineering, Enabling Low-Cost Actuators

Published August 13, 2026  ACS Publications  USA

| overview

Researchers prepared a 200 um-thick KNN-based ceramic exhibiting a giant
electrostrain (d*33 up to 1068 pm/V under 15 kV/cm) by sintering in a reducing
atmosphere. This significant electrostrain primarily originates from inherent strain due
to the synergistic effect of defect engineering and domain engineering. This work
provides an innovative way to design new high-performance lead-free piezoelectric

ceramics suitable for low-cost multilayer piezoelectric actuator applications.
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Key Findings

Researchers have successfully fabricated a 200 pm-thick KNN (Potassium Sodium
Niobate)-based ceramic that exhibits an extraordinary giant electrostrain, reaching up to
1068 pm/V under an electric field of 15 kV/cm. This groundbreaking achievement,
accomplished through a sintering process in a reducing atmosphere, marks a significant

leap forward in the development of high-performance lead-free piezoelectric ceramics.

Technical / Clinical Details

This impressive electrostrain is primarily attributed to the material's "inherent strain,"
which arises from a synergistic effect between defect engineering and domain
engineering. Defect engineering involves the deliberate introduction of lattice defects
into the material to tune its piezoelectric properties. Domain engineering, on the other
hand, refers to controlling the orientation and size of ferroelectric domains within the
ceramic's microstructure. By combining these techniques, the mobility of domain walls is
enhanced when an electric field is applied, leading to a much larger strain response.
Specifically, sintering in a reducing atmosphere was crucial, as it generates particular
oxygen vacancies that facilitate domain wall movement and maximize electrostrain
characteristics. This method significantly boosts the performance of lead-free
piezoelectric materials, which is increasingly important given tightening environmental

regulations.

Background & Context

Piezoelectric ceramics are utilized in a wide array of applications, including sensors,
actuators, and energy harvesting devices. However, lead zirconate titanate (PZT), the
most commonly used piezoelectric material, contains toxic lead. This necessitates a
transition to lead-free alternatives due to escalating environmental regulations. KNN-
based ceramics are considered promising candidates for lead-free piezoelectric
materials, but their piezoelectric performance has traditionally lagged behind that of
PZT. Achieving a giant electrostrain, as demonstrated in this research, is vital for
accelerating the practical application of KNN-based materials and closing the

performance gap with lead-containing counterparts.



Strategic Significance & Outlook

The development of these high-electrostrain KNN-based ceramics will profoundly impact
the creation of low-cost, high-performance multilayer piezoelectric actuators.
Applications are anticipated in industrial sectors requiring high-precision control, such as
precision positioning systems, micropumps, ultrasonic transducers, and fuel injection
systems. Their high efficiency will also be advantageous for energy harvesting in
wearable devices and |oT sensors. Future research will focus on the material's long-term
stability, fatigue properties, and the scalability of manufacturing processes. This
technology represents a crucial step towards realizing environmentally friendly and high-

performance next-generation piezoelectric devices.

Source: https://pubs.acs.org/aamick/article/doi/10.1021/acsami.6c10714/5254743/Giant-Electrostrain-

from-Inherent-Strain-for-KNN?searchresult=1
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#21 Highly Efficient Hybrid Cooler Integrating
Radiative and Phase Change Cooling Innovates
Electronics Thermal Management

Published August 08, 2026  ACS Publications  USA

| overview

This study presents a highly efficient hybrid cooler integrating radiative and phase
change cooling (RPC) abilities, fabricated using electrospinning and
microencapsulation techniques. The RPC cooler exhibits a high phase change
enthalpy of 108.64 J-g—1 and ideal thermal conductivity of 0.506 W-m-1-K-1. It
demonstrated a maximum transient temperature drop of 6.8°C at 500 W-m-2 and
stably reduced steady-state device temperature by 4.5°C, achieving an average 8.3°C
temperature difference under strong solar radiation due to synergistic cooling effects.
This technology shows promise for advanced thermal energy storage and regulation

of electronics.
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Key Findings

This research announces the successful realization of a highly efficient hybrid cooler that
integrates both radiative and phase change cooling (RPC) capabilities, fabricated using
advanced electrospinning and microencapsulation techniques. This RPC cooler exhibits a
remarkable combination of high phase change enthalpy, measured at 108.64 J-g-1, and
an ideal thermal conductivity of 0.506 W-m-1-K-1, positioning it as a revolutionary

technology for advanced thermal energy storage and regulation in electronics.

Technical / Clinical Details

The RPC cooler achieves its superior performance through the synergistic effects of
radiative cooling and phase change cooling. Radiative cooling is a passive mechanism
that releases heat from a surface into the cold outer space as electromagnetic radiation,
offering the potential to cool objects below ambient temperature even under direct
sunlight. Phase change materials (PCMs), on the other hand, absorb a large amount of
latent heat during their phase transition (e.g., solid to liquid), effectively buffering and
suppressing device temperature increases. This hybrid cooler demonstrated a maximum
transient temperature drop of 6.8°C under a heat flux of 500 W-m-2. Furthermore, even
under strong solar radiation conditions, it successfully reduced the steady-state device
temperature by an average of 4.5°C and achieved an average temperature difference of
8.3°C from the ambient. This combined performance enhancement, difficult to achieve
with single cooling mechanisms, is particularly promising for cooling high-heat-

generating components in mobile devices and data centers.

Background & Context

As electronic devices become more powerful and compact, increasing heat generation
presents a significant challenge. Effective thermal management is crucial for preventing
device performance degradation, reliability issues, and shortened lifespans. Traditional
cooling systems often rely on active mechanisms like fans, which introduce problems
such as noise, power consumption, and space constraints. Passive cooling technologies
are garnering attention as a promising approach to overcome these challenges. RPC, by
enabling efficient cooling without electricity consumption, is in high demand for energy-

efficient applications such as loT devices, wearable electronics, and autonomous systems.



Strategic Significance & Outlook

This RPC hybrid cooler technology holds the potential to establish new standards in
electronics thermal management. Future applications are anticipated across a wide range
of high-heat-generating devices, including smartphones, laptops, data center servers,
and even electric vehicle batteries and power electronics. Going forward, research and
development will focus on scaling up manufacturing processes, assessing the long-term
stability of the materials, and optimizing performance under various environmental
conditions. This technology is expected to significantly contribute to the advancement of
sustainable technologies by enhancing energy efficiency and strengthening device

reliability.

Source: https://pubs.acs.org/iecred/article/doi/10.1021/acs.iecr.6c01910/5249752/A-Highly-Efficient-
Hybrid-Cooler-with-Radiative
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#22 Thermoelectric Generators Boost Power
Generation via Synergistic Thermal Management with
Soldered Copper Foam/Paraffin Wax Composite Heat
Sinks

Published August 10, 2026  The Royal Society of Chemistry UK

| overview

This research focuses on enhancing the power generation of thermoelectric
generators (TEGs) through synergistic thermal management using soldered copper
foam/paraffin wax composite heat sinks. By reducing interfacial thermal resistance
and improving cold-side heat dissipation, the proposed strategy significantly boosts
TEG performance, as output power scales with the square of the temperature
difference across thermoelectric legs. The direct soldering of copper foam heat sinks
onto the TEG cold-side with SnBi solder achieved strong bonding and improved heat

dissipation efficiency, which is crucial for waste heat recovery applications.
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Key Findings

This research successfully demonstrates an enhanced power generation capability for
thermoelectric generators (TEGs) through a synergistic thermal management strategy. By
utilizing soldered copper foam/paraffin wax composite heat sinks, the study achieved a
significant boost in TEG performance, marking a critical advancement for waste heat

recovery applications.

Technical / Clinical Details

Since the output power of a TEG is proportional to the square of the temperature
difference across its thermoelectric legs, maximizing this temperature differential is key
to improving power generation. This study focused on enhancing heat dissipation
efficiency, particularly on the cold side of the TEG. Specifically, copper foam heat sinks
were directly soldered onto the TEG's cold side using SnBi (tin-bismuth) solder. This
direct soldering technique drastically reduced interfacial thermal resistance between the
TEG and the heat sink, optimizing the heat transfer pathway. Furthermore, copper foam,
known for its high thermal conductivity and extensive surface area, combined with
paraffin wax, allowed for both efficient thermal energy storage and rapid heat diffusion.
This setup enabled quick and efficient heat removal from the cold side, increasing the
overall temperature difference across the TEG and, consequently, dramatically improving

power generation.

Background & Context

Waste heat recovery is increasingly vital for improving industrial efficiency and building
sustainable energy systems. Thermoelectric generators, as a solid-state, quiet, and
reliable waste heat recovery technology, have garnered attention. However, their
relatively low conversion efficiency has been a significant barrier to widespread adoption.
To improve conversion efficiency, beyond material advancements, effective thermal
management—especially maximizing the temperature difference across the TEG's hot
and cold sides—is indispensable. This research addresses the efficiency challenge
through optimized thermal management, holding crucial implications for the practical

application of TEGs.



Strategic Significance & Outlook

This thermal management technology, employing copper foam/paraffin wax composite
heat sinks, is expected to expand the application potential of TEGs across various fields,
including automotive waste heat recovery, industrial waste heat utilization, data center
cooling systems, and even power supply for wearable devices. Future research will focus
on scaling up the manufacturing process of composite heat sinks, evaluating long-term
reliability, and optimizing performance under diverse heat source conditions. The
widespread adoption of this technology is expected to promote the effective utilization
of waste heat energy and significantly contribute to improved energy efficiency and

reduced environmental impact.

Source: https://pubs.rsc.org/tc/article/doi/10.1039/d6tc01471b/1285914/Enhanced-power-generation-of-

thermoelectric
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#23 Flexible Organic Thermoelectric Generator with
Optimized Carbon Nanotube Interconnects Expands

Wearable Applications

Published August 09, 2026 MDPI  Switzerland

Flexible organic thermoelectric generattor usingle-walled

carbon nanotube clay, expanding applications to wearable devices

Publication August 9, 2026
Publication 2026. MDPI, Switzerland

NDWI

| overview

This study presents a flexible organic thermoelectric generator (OTEG) utilizing

optimized interconnects based on doped single-walled carbon nanotube (SWCNT)

clays. These carbon nanotube-based thermoelectric materials offer shape-deformable

and reconfigurable properties, making them promising for flexible OTEG desig

ns

conformable to complex surfaces. The research investigates the relationship between

device-level output and realistic wearable conditions, highlighting significant progress

in molecular doping, fiber integration, textile structures, and wearable devices.

The

initial OTEG, with five p—n thermoelectric pairs, showed increased output voltage and

power with increasing temperature differences.
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Key Findings

This research unveils a flexible organic thermoelectric generator (OTEG) that employs
optimized interconnects built upon doped single-walled carbon nanotube (SWCNT)

clays. This OTEG represents a significant leap forward in wearable device applications
due to its shape-deformable and reconfigurable properties, enabling it to conform to

complex surfaces effectively.

Technical / Clinical Details

The OTEG's power generation capacity is intrinsically linked to the high performance of
its thermoelectric material, specifically the doped SWCNT clays. SWCNTs have garnered
considerable attention as thermoelectric conversion materials due to their excellent
electrical and thermal properties. In this study, molecular doping techniques were
optimized to precisely control carrier concentration, thereby enhancing the
thermoelectric figure of merit (ZT value). The OTEG, configured with five p—n
thermoelectric pairs, experimentally demonstrated a consistent increase in output
voltage and power as the temperature difference increased. The flexible, "clay-like" form
factor is a key innovation, allowing it to adhere intimately to irregular shapes such as
biological surfaces or clothing, unlike rigid conventional thermoelectric materials, thus
enabling efficient heat harvesting. This "clay" material, through advanced fiber
integration and textile structure incorporation, opens new possibilities for wearable

electronics.

Background & Context

With the expanding demand for wearable devices, |oT sensors, and flexible electronics,
there is an urgent need for sustainable and flexible energy sources to power these
devices. Thermoelectric generation, which converts subtle thermal energy from body
heat, ambient temperature differences, or waste heat into electricity, is a promising
technology that offers continuous power supply and eliminates the need for battery
replacements. However, traditional thermoelectric materials are rigid and challenging to
apply to complex surfaces. Flexible thermoelectric materials based on carbon nanotubes
are crucial for addressing this challenge, enabling new design freedom and functionality

for wearable gadgets.



Strategic Significance & Outlook

This flexible OTEG is poised to revolutionize autonomous power sources for a wide range
of wearable devices, including smartwatches, healthcare monitors, smart textiles, and
military wearables. The advancements demonstrated in molecular doping, fiber
integration, and textile structures are critical steps towards realizing more efficient and
practical OTEGs. Future research will focus on evaluating the OTEG's long-term durability,
optimizing manufacturing costs, and assessing performance under various
environmental and physiological conditions. This technology holds the potential to
shape the future of energy harvesting in personal electronics, contributing to a more

self-sufficient and connected world.

Source: https://www.mdpi.com/1996-1073/19/15/3626
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#24 Entropy-Driven Multi-Dopant Synergy Enables
Robust Li|LLZO Interfaces for High-Performance Solid-
State Batteries

Published August 06, 2026 ChemRxiv.  Unknown

| overview

This preprint explores entropy-driven multi-dopant synergy to enable robust lithium
(Li) | Li7La3Zr2012 (LLZO) interfaces, crucial for solid-state batteries. The research
focuses on high-entropy garnet materials and their impact on Li metal interfaces and
critical current density. Molecular dynamics simulations are used to understand and
optimize these interfaces, aiming to address challenges in solid-state electrolyte

performance and stability.
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Key Findings

This preprint delves into the potential of entropy-driven multi-dopant synergy to
robustly enhance the interfaces between lithium (Li) and Li7La3Zr2012 (LLZO) solid
electrolytes in all-solid-state batteries. The research provides crucial insights for realizing
high-performance solid-state batteries by elucidating the impact of introducing high-
entropy garnet materials on the stability of lithium metal interfaces and critical current

density.

Technical / Clinical Details

One of the primary challenges in all-solid-state batteries is dendrite formation and high
interfacial resistance at the interface between the lithium metal anode and the solid
electrolyte. In this study, molecular dynamics (MD) simulations were extensively used to
analyze how the synergistic action of multiple dopant elements in high-entropy garnet
materials improves the stability of the Li|LLZO interface and lithium ion transport. The
coexistence of multiple dopants increases the overall entropy of the material, stabilizing
its crystal structure and optimizing lithium ion diffusion pathways. This suppresses the
growth of lithium dendrites at the interface, enabling stable battery operation at higher
critical current densities (CCD). MD simulations served as a powerful tool to understand
the interfacial structure, ion migration mechanisms, and defect behavior at the atomic

level.

Background & Context

All-solid-state batteries are highly anticipated as a next-generation battery technology,
offering high energy density, enhanced safety, and longer lifespan compared to current
lithium-ion batteries. However, challenges such as high interfacial resistance between
solid electrolytes and electrodes, and stability issues with lithium metal anodes, remain
major barriers to commercialization. LLZO garnet-based solid electrolytes, in particular,
have garnered attention for their high ionic conductivity, but improving their interfacial
properties has been essential. Multi-dopant strategies and high-entropy designs are
actively being researched as new approaches to simultaneously enhance material

stability and performance.



Strategic Significance & Outlook

This entropy-driven multi-dopant strategy is highly promising for accelerating the
development of high-performance all-solid-state batteries. Stabilizing the Li|LLZO
interface and increasing the critical current density directly impact the cycle life and
safety of all-solid-state batteries, promoting their adoption across a wide range of
applications including electric vehicles, portable electronic devices, and stationary energy
storage systems. Future research will focus on experimental validation of simulation
results, development of large-scale manufacturing processes, and long-term
performance evaluation in actual battery cells. This technology holds the potential to be
a fundamental building block for next-generation battery technology, essential for

achieving a sustainable energy society.

Source: https://chemrxiv.org/doi/abs/10.26434/chemrxiv.15007100/v1
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#25 UK's YASA Secures Government Funding for
'‘Project Resilience' to Develop Rare-Earth-Free Axial
Flux Motors

Published August 11,2026  Autocar Professional Bureau UK

Project Resilience

| overview

YASA has secured UK government funding for "Project Resilience," a program to
develop rare-earth-free and heavy-rare-earth-free axial flux electric motor
technologies. This initiative aims to reduce reliance on geopolitically sensitive rare-
earth materials while meeting the performance and cost requirements of future
electric and hybrid vehicles. YASA plans to develop both heavy-rare-earth-free
permanent magnet motor designs and fully rare-earth-free axial flux motor

technology.
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Key Findings

YASA, a UK-based electric motor manufacturer, has successfully secured government
funding from the UK for "Project Resilience." This program is dedicated to advancing the
development of both rare-earth-free and heavy-rare-earth-free axial flux electric motor
technologies. This pivotal project aims to reduce dependence on geopolitically sensitive
rare-earth materials while simultaneously meeting the stringent performance and cost

demands of future electric and hybrid vehicles.

Technical / Clinical Details

At the heart of Project Resilience is YASA's commitment to adapting its advanced axial
flux motor technology to operate without rare-earth materials, or by significantly
minimizing the use of heavy rare-earth elements. Specifically, the project targets the
development of both heavy-rare-earth-free permanent magnet motor designs and fully
rare-earth-free axial flux motor technology. Heavy rare-earths are typically employed to
enhance magnetic strength at high temperatures, but their supply is concentrated in
specific regions, leading to price volatility and supply disruption risks. YASA's approach
combines innovative magnet material compositions with advanced motor structural
designs, aiming to maintain the high torque density, efficiency, and compactness
required for EVs while drastically reducing rare-earth usage. This will improve the
sustainability and cost stability of motors, enabling EV manufacturers to bring more

competitive products to market.

Background & Context

The global automotive industry is undergoing a rapid transition towards electrification,
leading to an explosive demand for high-performance and reliable electric motors.
Concurrently, rare-earth elements, which are essential raw materials for the permanent
magnets critical to EV motors, face concerns regarding their environmental impact
during mining and refining, as well as geopolitical risks due to concentrated supply. The
UK government is actively supporting domestic rare-earth-free technology development
to address these issues, aiming to strengthen supply chains and accelerate the transition

to a decarbonized society.



Strategic Significance & Outlook

YASA's Project Resilience is expected to accelerate the commercialization of rare-earth-
free motor technology, significantly impacting the entire EV industry. If successful, this
technology will liberate the industry from supply insecurities and price fluctuations
associated with rare-earths, enabling the production of more affordable and sustainable
EVs. This will further boost EV adoption and contribute to global decarbonization goals.
Future steps will involve performance evaluation, durability testing, and establishing
mass production capabilities for the developed motors. YASA is poised to further
consolidate its leadership in the electric powertrain market and drive the future of

sustainable mobility through this technology.

Source: https://www.autocarpro.in/news/yasa-secures-uk-funding-for-rare-earth-free-axial-flux-motor-

development-134040
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#26 Polymorphism and Dimensionality in Rhodium
Chalcogenide Nanocrystals Enable Phase-Selective
Synthesis and Structure-Dependent Property
Exploration

Published August 06, 2026  ChemRxiv.  Unknown

| overview

This preprint explores polymorphism and dimensionality in rhodium chalcogenide
nanocrystals, demonstrating how precursor choice and synthesis temperatures enable
phase-selective synthesis. Analyses confirm the compositions and phase purities of
various nanocrystalline samples, and density functional theory calculations reveal the
metallic character of binary rhodium chalcogenides. The study also uncovers the
relative stabilities of different RhCh2 polymorphs (Ch = Se, Te), providing a
foundation for exploring their structure-dependent properties and unlocking phase-

and dimensionality-selective synthesis.
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Key Findings

This preprint thoroughly investigates the polymorphism and dimensionality in rhodium
chalcogenide nanocrystals. It demonstrates that precise control over precursor selection
and synthesis temperatures enables phase-selective synthesis of nanocrystals with
specific phase structures and dimensionalities. This research establishes a critical
foundation for exploring the structure-dependent properties of these materials and

realizing future phase- and dimensionality-selective synthesis.

Technical / Clinical Details

The researchers confirmed the composition and phase purity of various rhodium
chalcogenide nanocrystal (RhCh2, Ch = Se, Te) samples using advanced analytical
techniques such as X-ray diffraction (XRD) and transmission electron microscopy (TEM).
Furthermore, Density Functional Theory (DFT) calculations were performed, revealing the
metallic character of binary rhodium chalcogenides. This finding indicates that these
materials are electrically conductive, making them promising for applications in
electrochemical catalysis and electronic devices. The study elucidated the relative
stabilities of different RhCh2 polymorphs (materials with the same composition but
different crystal structures) and revealed how specific synthesis conditions preferentially
form particular crystalline phases. This knowledge is indispensable for precisely

designing and synthesizing nanocrystals with desired electronic or catalytic properties.

Background & Context

Nanocrystals garner significant attention in fields like energy conversion, catalysis, and
electronics due to their unique physicochemical properties, which are strongly
dependent on their size, shape, composition, and crystal phase. Transition metal
chalcogenides, in particular, are actively researched as components for next-generation
devices because of their diverse structures and tunable electronic properties. However,
the selective and reproducible synthesis of nanocrystals with specific crystal phases or
dimensionalities remains a significant challenge. Overcoming this challenge is crucial for

optimizing material performance and accelerating practical applications.



Strategic Significance & Outlook

This research on rhodium chalcogenide nanocrystals not only deepens fundamental
scientific understanding but also opens avenues for practical applications. The realization
of phase- and dimensionality-selective synthesis will directly contribute to the
development of, for example, high-performance electrocatalysts, ultra-compact
electronic devices, and photodetectors. Future expectations include the design of new
catalytic systems based on these nanocrystals, applications in energy storage devices,
and the advancement of spin-based quantum technologies. By applying similar design
principles to other transition metal chalcogenide systems, this field holds the potential to

accelerate new discoveries in materials science.

Source: https://chemrxiv.org/doi/abs/10.26434/chemrxiv.15007096/v1
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#27 RMIT University Doctoral Research Unveils Next-
Generation Phase Change Materials to Enhance Energy
Efficiency and Advance Battery Technologies

Published August 06, 2026 ~ RMIT University - Figshare  Australia
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| overview

This doctoral research from RMIT University focuses on next-generation phase
change materials (PCMs) for enhancing energy efficiency and advancing future
battery technologies. Key areas of investigation include thermal energy storage,
battery thermal management systems, nano-engineered PCMs, and their applications
in solar water heaters and battery cooling systems. The research also incorporates

machine learning to further optimize PCM performance and applications.
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Key Findings

Doctoral research from RMIT University has unveiled significant advancements in "next-
generation phase change materials (PCMs)" aimed at substantially enhancing energy
efficiency and revolutionizing future battery technologies. The study thoroughly explores
critical areas such as thermal energy storage, battery thermal management systems,
nano-engineered PCMs, and their practical applications in solar water heaters and

battery cooling systems.

Technical / Clinical Details

This doctoral research emphasized the development of nano-engineered PCMs to
overcome inherent challenges of conventional PCMs, such as low thermal conductivity,
leakage, and long-term stability. Specifically, techniques involving the incorporation of
nanoparticles and nanofibers into PCMs were explored to improve heat transfer
characteristics, control volume changes during phase transition, and enhance material
durability. This led to the design of PCMs that contribute to stabilizing hot water supply
in solar water heaters and preventing thermal runaway while extending the lifespan of
electric vehicle (EV) batteries. Furthermore, the research integrated machine learning
methodologies to model the complex relationships between PCM composition,
structure, and performance characteristics, thereby efficiently identifying optimal PCM
designs and application conditions. Machine learning played a crucial role in significantly

reducing trial-and-error experiments and accelerating the overall development process.

Background & Context

Improving energy efficiency and advancing clean energy technologies are central to
addressing today's global challenges. Thermal energy storage is an indispensable
technology for buffering the variability of renewable energy sources (solar, wind) and
increasing the flexibility of energy utilization. PCMs, with their high latent heat capacity
and efficient thermal storage over relatively narrow temperature ranges, hold great
promise in this field. Additionally, with the proliferation of EVs, safe and efficient thermal
management of batteries is a critical factor determining their performance and lifespan.
The convergence of nano-engineering and machine learning offers innovative solutions

to these challenges, opening new frontiers in materials science.



Strategic Significance & Outlook

The findings from this RMIT University research represent a breakthrough in the design
and application of next-generation PCMs. In the future, this technology is expected to be
commercialized across a wide range of fields, including solar energy systems, high-
efficiency heat pumps, thermal management of electronic devices, and electric vehicle
battery systems. The machine learning-driven approach to design optimization will
dramatically improve the efficiency of new material development, accelerating the
market introduction of more sustainable and high-performance energy storage
solutions. This is anticipated to significantly contribute to reducing energy consumption

and realizing a sustainable society.

Source: https://research-repository.rmit.edu.au/articles/thesis/Next-

Generation_Phase_Change_Materials_PCMs_for_Enhancing_Energy_Efficiency_and_Advancing_Future_Battery_Te
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#28 IEEE Reports '‘Defocus-Resistant’ Cubic-Metalens
for Consistently Sharp Camera Images in Thin Optics

Published August 12, 2026  Facebook (citing IEEE)  China

IEEE unveils 'defocus-toterant' cubic metalens,
enabling always always sharp camera with thin

optics

I OVERVIEW

A new computational imaging approach utilizes ultra-thin "meta-lenses"—sheets of
nanostructured material—to keep camera images sharp across varying distances
without constant mechanical refocusing. These multilayer metamaterial designs can
focus multiple wavelengths and are insensitive to polarization, promising to
revolutionize imaging in smartphones, drones, and satellites by shrinking optics
without sacrificing performance. The research introduces a defocus-resistant cubic-
metalens that integrates a lens and wavefront-coding phase mask into a single

ultrathin metasurface.
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Key Findings

A novel computational imaging approach leverages ultra-thin "meta-lenses"—
nanostructured material sheets—to ensure cameras maintain consistently sharp images
across varying distances. This innovative multi-layer metamaterial design is capable of
focusing multiple wavelengths and is insensitive to polarization, promising to
revolutionize imaging in smartphones, drones, and satellites by significantly reducing

optical form factors without compromising performance.

Technical / Clinical Details

The research introduces a "defocus-resistant” cubic-metalens, which integrates a lens
functionality and a wavefront-coding phase mask into a single ultrathin metasurface.
This metalens overcomes the depth-of-focus limitations of traditional cameras by
precisely manipulating light using nanoscale structures. While conventional cameras
typically require mechanical refocusing as the distance to the subject changes, this
metalens autonomously generates sharp images over a wide range of distances.
Specifically, it exhibits stable performance largely independent of the incident light's
wavelength or polarization state. This represents a crucial advancement for applications
demanding real-time and high-precision image acquisition, such as biomedical imaging,

machine vision, and autonomous driving.

Background & Context

Modern electronic devices, particularly mobile devices and aerospace equipment,
consistently demand miniaturization, weight reduction, and lower power consumption.
However, the optical systems of conventional cameras, with their inherent physical
thickness and multi-lens constructions, have historically posed significant barriers to
meeting these requirements. Metalens technology, which controls light using sub-
wavelength structures, is garnering attention as a next-generation technology that
enables ultra-thin and flat optics previously impossible with traditional systems. Crucially,
simplifying or eliminating the refocusing mechanism significantly enhances device

robustness and reduces manufacturing costs.



Strategic Significance & Outlook

This "defocus-resistant” cubic-metalens holds the potential to profoundly transform the
future of camera technology. For instance, smartphone cameras could become even
thinner and more impact-resistant. Cameras mounted on drones and satellites would
benefit from reduced size and weight, relaxing payload constraints and enabling a wider
array of missions. In the medical field, it might contribute to the development of smaller,
higher-resolution endoscopes and imaging probes. Future research will focus on
expanding material choices, scaling up manufacturing processes, and optimizing
performance across various environmental conditions and application scenarios. This
technology is expected to provide new degrees of freedom in optical system design and

accelerate the creation of innovative imaging devices.

Source: https://www.facebook.com/PhotonicsSociety/posts/a-new-approach-to-computational-imaging-

could-help-cameras-stay-sharp-across-cha/1364393099236599/
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#29 Strontium-Modified BaTiO3 Composite

Nanogenerators Achieve 60V Output for Flexible, Self-
Powered Human-Machine Interactions

Published August 10, 2026  ACS Publications  USA

| overview

This research focuses on strontium-modified BaTiO3 composite nanogenerators for
flexible and self-powered human-machine interactions. While lead zirconate titanate
(PZT) offers excellent piezoelectric properties, its brittleness and toxicity limit its use in
wearable systems, leading to extensive exploration of lead-free alternatives like
BaTiO3. The study evaluates the electrical output characteristics of a flexible BSRT-
based piezoelectric nanogenerator, demonstrating a maximum peak-to-peak voltage

of approximately 60 V at a 15 wt% composite ratio.
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Key Findings

This research announces the successful development of strontium-modified BaTiO3
composite nanogenerators, specifically tailored for flexible human-machine interaction
(HMI) applications. This flexible piezoelectric nanogenerator demonstrated a remarkable
maximum peak-to-peak voltage of approximately 60 V at a 15 wt% composite ratio,

paving the way for self-powered wearable systems and advanced HMI interfaces.

Technical / Clinical Details

Piezoelectric materials possess the unique ability to convert mechanical strain into
electrical signals and vice versa, making them ideal for sensors, actuators, and energy
harvesting devices. While lead zirconate titanate (PZT) has long been the gold standard
for its excellent piezoelectric properties, its inherent brittleness and toxicity (due to lead
content) have restricted its use in wearable devices and flexible HMI systems that interact
directly with the human body. To address this, the research team focused on barium
titanate (BaTiO3) as a lead-free alternative. By modifying BaTiO3 with strontium (Sr), they
successfully tuned its crystal structure, optimizing its piezoelectric response and
improving its overall flexibility. The composite material combines a polymer matrix with
BaTiO3 nanostructures, achieving a balance of excellent flexibility and mechanical
robustness. This allows it to efficiently generate electricity from subtle movements and

pressures, such as those from the human body.

Background & Context

The rapid advancement of wearable devices, 10T sensors, and smart home technologies
has fueled a growing demand for self-powered devices that eliminate the need for
battery replacement or frequent charging. Piezoelectric nanogenerators offer a
promising solution to this need by converting ambient mechanical energy, like
environmental vibrations or human motion, into electrical power. Crucially, flexibility and
being lead-free are indispensable characteristics for healthcare devices worn directly on
the skin and for environmentally conscious industrial applications. This research
contributes to the widespread adoption and sustainability of HMI devices by developing

high-performance, lead-free flexible piezoelectric materials as an alternative to PZT.



Strategic Significance & Outlook

This strontium-modified BaTiO3 composite nanogenerator holds significant potential for
a wide range of flexible HMI applications, including self-powered wearable sensors,
electronic skin, haptic feedback systems, and even medical implants. The demonstrated
output voltage of approximately 60 V is sufficient to directly power many low-power
electronic circuits. Future research will focus on further optimizing the composite
material, scaling up manufacturing processes, and conducting long-term reliability and
biocompatibility evaluations. This technology is expected to enable more intuitive and
seamless interactions between humans and machines, ushering in a new era of smart

technology.

Source: https://pubs.acs.org/acsodf/article/doi/10.1021/acsomega.6c01611/5251478/Strontium-Modified-

BaTiO3-Composite-Nanogenerators
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#30 Compact Ultrasonic Transducer Integrated Dual-
Domain Metamaterials ‘MiPAL’ Achieve Ultra-
Broadband Directional Audio Generation

Published August 07, 2026 PMC  Unknown

| overview

Researchers have developed MiPAL, a compact ultrasonic transducer co-integrated
with dual-domain metamaterials, for highly directional audio generation. Unlike
conventional parametric array loudspeakers, MiPAL uses a single piezoelectric driver
and co-designed acoustic metasurface and elastic meta-units to achieve a simple,
cost-effective, and highly integrated architecture. Experiments demonstrate that
MiPAL generates ultra-broadband directional sound over four octaves (500 Hz to 10

kHz), laying the foundation for immersive audio and extended reality applications.
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Key Findings

Researchers have innovatively developed a device named "MIiPAL" (Micro-parametric
Array Loudspeaker) that integrates a compact ultrasonic transducer with dual-domain
metamaterials, enabling highly directional and ultra-broadband audio generation. This
breakthrough significantly expands the possibilities for immersive audio experiences and

extended reality (XR) applications.

Technical / Clinical Details

Unlike conventional parametric array loudspeakers, which typically require complex
multiple driver arrays, MiPAL achieves a simple, cost-effective, and highly integrated
architecture by combining a single piezoelectric driver with co-designed acoustic
metasurfaces and elastic meta-units. The acoustic metasurface plays a crucial role in
precisely controlling sound wave propagation, generating and modulating ultrasonic
beams. The elastic meta-units contribute to structural stability and optimize vibration
characteristics. These components are manufactured using SLA 3D printing technology
with photo-polymer UV resin, with their precise design underpinning MiPAL's high
performance. Experimental results demonstrated that MiPAL can generate highly
directional sound over an ultra-broadband range, spanning more than four octaves from
500 Hz to 10 kHz. This capability enables "private audio," delivering sound to specific

listening zones without affecting other areas.

Background & Context

In audio technology, particularly in directional loudspeakers, there is a growing need to
deliver sound to specific locations to reduce noise and provide personalized listening
environments. This is especially important in office settings, museums, public spaces, and
next-generation immersive entertainment (VR/AR). Traditional directional audio
technologies often rely on acoustic lenses or large speaker arrays, leading to challenges
in device size and increased cost. Metamaterial technology is gaining attention as an
innovative approach that can overcome these challenges, enabling compact and high-

performance acoustic devices.



Strategic Significance & Outlook

The advent of MiPAL opens new horizons for audio technology applications. It promises
enhanced immersive audio experiences, realistic acoustic feedback in extended reality
(XR) devices, targeted information delivery to specific individuals, and effective sound
masking in noise-sensitive environments. Future research will focus on directional control
over an even broader frequency range, increasing sound pressure levels, and optimizing
manufacturing costs. This technology is poised to drive the miniaturization and

performance enhancement of acoustic devices, redefining future sound interactions.

Source: https://pmc.ncbi.nlm.nih.gov/articles/PMC13385809/
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#31 SDU POLIMA Researcher Presents Quantum
Plasmonics at META 2026, Advancing Graphene
Plasmon Applications

Published Published August 14, 2026  SDU (University of Southern Denmark) F7><¥—7

| overview

P. André D. Gongalves of the University of Southern Denmark's POLIMA Centre
presented on quantum plasmonics and graphene plasmon applications at the 16th
International Conference on Metamaterials, Photonic Crystals and Plasmonics (META
2026) in Dublin, Ireland. His invited talk highlighted the potential of quantum-
enhanced light-matter interactions and graphene's unique properties to revolutionize
optical communication, sensing, and quantum technologies. The conference also
showcased advances in graphene metasurfaces, nanoscale 3D printing for photonics,

and novel metamaterials, signaling a new era for manipulating light at the nanoscale.
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Background

Metamaterials, photonic crystals, and plasmonics represent a frontier in materials
science, focusing on artificial structures engineered to exhibit optical properties not
found in natural materials. These innovative structures are poised to revolutionize next-
generation optical communication, advanced sensing, high-resolution imaging, and
efficient energy technologies. A particularly exciting development is quantum
plasmonics, which integrates quantum effects to push the boundaries of light-matter
interaction, enabling unprecedented control of light, potentially down to the single-
photon level. This profound capability opens new avenues for critical applications in
quantum information science and quantum computing. International conferences like
META serve as essential platforms for researchers worldwide to disseminate the latest
scientific breakthroughs and foster crucial collaborative relationships across these rapidly

evolving fields.

Key Findings

The 16th International Conference on Metamaterials, Photonic Crystals and Plasmonics
(META 2026), held in Dublin, Ireland, spotlighted significant advancements in photonics,
particularly in the realm of quantum plasmonics and graphene applications. A pivotal
moment was the invited talk by P. André D. Gongalves from the POLIMA Centre at the
University of Southern Denmark (SDU), titled ‘Quantum Plasmonics in Metals and
Emerging Applications of Graphene Plasmons.' Gongalves's presentation underscored
the immense potential of merging quantum phenomena with plasmonics to engineer

next-generation optical devices with enhanced functionalities.

His lecture provided crucial insights into the quantum behavior of plasmons within
metallic nanostructures, essential for a deeper understanding of light-matter interactions
at the nanoscale. He further elaborated on their promising applications in two-
dimensional (2D) materials like graphene. Graphene plasmons stand out due to their
superior light confinement and remarkable electrical tunability compared to traditional
metal plasmons. These attributes make them exceptionally well-suited for high-
performance optical modulators, advanced sensors, and terahertz devices, offering

pathways to overcome current limitations in optical systems.



Beyond quantum plasmonics, META 2026 also featured other groundbreaking research.
Highlights included the development of mid-infrared reflectance modulators based on
graphene CMOS-compatible metasurfaces, which promise seamless integration with
existing semiconductor technologies. Presentations also covered nanoscale 3D printing
of glass photonic crystals, enabling the precise fabrication of intricate optical elements,
and the engineering of high-refractive-index silver nanoparticle metamaterials, crucial for

developing new optical functionalities by controlling light at sub-wavelength scales.

Looking ahead, the research unveiled at META 2026 is critical for advancing future
devices at the convergence of nanophotonics and quantum technologies. Graphene-
plasmon-based devices are expected to lead to faster and more energy-efficient optical
modulators and sensors, significantly boosting information processing capabilities.
Similarly, innovations in nanoscale 3D printing will streamline the fabrication of complex
optical circuits and accelerate the development of custom optical components. The
eventual commercialization of these technologies is anticipated to drive breakthroughs
in high-speed optical communication, enhance the performance of quantum devices,
and foster the creation of novel diagnostic and therapeutic tools. Continued

international collaboration remains vital to accelerate the progress and real-world impact

of these innovative materials and technologies.

Source: https://www.sdu.dk/en/forskning/polima/news/16th-international-conference-on-metamaterials-

photonic-crystals-and-plasmonics

Collected: August 14, 2026 | Automated Research System (Gemini API)


https://www.sdu.dk/en/forskning/polima/news/16th-international-conference-on-metamaterials-photonic-crystals-and-plasmonics
https://www.sdu.dk/en/forskning/polima/news/16th-international-conference-on-metamaterials-photonic-crystals-and-plasmonics

#32 L&T Eyes Rare Earth Magnet Production in India,
Leveraging Government Incentives to Build Domestic
Supply Chain

Published August 12,2026  Chemical Industry Digest (citing manufacturingtodayindia.com)

India

il -

| overview

Larsen & Toubro (L&T) is planning to enter rare earth permanent magnet
manufacturing in India, preparing a bid under a government incentive program to
establish a domestic supply chain. India's government has a 7,280 crore incentive
scheme to promote manufacturing of sintered rare earth permanent magnets, aiming
for 6,000 tonnes per annum (TPA) capacity across five beneficiaries. These magnets
are critical components for EV motors, wind turbines, industrial robots, aerospace,
and defense equipment, and their domestic production is crucial for India's strategic

autonomy.
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Key Findings

Larsen & Touro (L&T), a major Indian engineering and construction conglomerate, is
reportedly planning to enter the domestic manufacturing of rare earth permanent
magnets in India. The company is preparing a bid under a significant government
incentive program designed to establish a robust domestic supply chain for this
strategically vital material. This move aligns with India's national objectives of
strengthening its manufacturing base and reducing external dependencies on critical

technologies.

Technical / Clinical Details

The sintered rare earth permanent magnets that L&T is considering producing are
typically Neodymium Iron Boron (NdFeB) magnets, which are indispensable components
in high-performance applications such as electric vehicle (EV) motors, wind turbines,
industrial robots, aerospace systems, and defense equipment. The Indian government's
incentive scheme, totaling X7,280 crore, aims to achieve a combined production capacity
of 6,000 tonnes per annum (TPA) across five selected beneficiaries. This program is
designed to foster a comprehensive domestic supply chain, encompassing everything
from mining and refining to the manufacturing of finished magnets. This initiative will
significantly reduce India's import dependence on rare earth magnets and enhance its
resilience against global supply chain volatilities. Notably, Japan-based Proterial has also
announced plans for a rare earth permanent magnet facility in Andhra Pradesh, signaling
growing international interest and investment in India's burgeoning rare earth magnet

industry.



Background & Context

Many nations globally are prioritizing the strengthening of their supply chains and
reducing reliance on external sources for critical materials as a national strategy. Rare
earth permanent magnets, while crucial for modern advanced technologies, are subject
to geopolitical risks and price fluctuations due to their supply being concentrated in
specific regions. The Indian government, as part of its "Make in India" policy, is actively
promoting domestic production of critical materials like rare earth magnets to bolster its
manufacturing sector and ensure economic security. This strategic push aims to enhance
India's self-reliance in rapidly growing sectors such as electric vehicles and renewable

energy.

Strategic Significance & Outlook

The entry of a major conglomerate like L&T into domestic rare earth permanent magnet
production will bring about significant shifts in India's industrial landscape. This will
foster domestic manufacturing expertise and job creation, elevating India's strategic
position in global supply chains. It is expected to strongly boost the growth of sectors
like EVs, renewable energy, and defense, contributing to India's decarbonization goals
and economic development. Moving forward, technological development, quality
control, and establishing internationally competitive cost structures will be crucial factors
determining the success of this initiative. India stands to potentially become one of the

key global producers of rare earth magnets.

Source: https://chemindigest.com/It-eyeing-rare-earth-magnet-production-in-india/
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#33 Laser Scanning Power Controls Corrosion
Resistance of AICoCrFeNi High-Entropy Alloy Coatings
Produced by Extremely High-Speed Laser Cladding

Published August 12, 2026  ICCK (International Conference on Corrosion & Coating) Unknown

| overview

This paper investigates the effect of laser scanning power on the microstructure and
electrochemical corrosion resistance of AlCoCrFeNi high-entropy alloy (HEA) coatings.
These HEA coatings, prepared by Extremely High-speed Laser Cladding (EHLC), are
promising candidates for corrosion protection of marine engineering equipment in
harsh environments. The study characterized the coating's microstructure using XRD
and SEM and its corrosion resistance in 3.5% NaCl solution through electrochemical

measurements, revealing optimal resistance under specific scanning power

conditions.
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Key Findings

This paper presents a detailed investigation into the effect of laser scanning power on
the microstructure and electrochemical corrosion resistance of AICoCrFeNi high-entropy
alloy (HEA) coatings. The research highlights that these HEA coatings, fabricated by
Extremely High-speed Laser Cladding (EHLC), are exceptionally promising materials for

corrosion protection of marine engineering equipment operating in harsh environments.

Technical / Clinical Details

The research team employed Extremely High-speed Laser Cladding (EHLC), an advanced
surface modification technique, to deposit AICoCrFeNi HEA coatings onto a substrate.
This EHLC process, characterized by high laser scanning speeds and relatively low heat
input, facilitates the melting and re-solidification of material to form coatings with fine
and uniform microstructures. The study meticulously analyzed how varying laser
scanning powers influenced the coating's crystalline structure (assessed by XRD) and
surface morphology (evaluated by SEM). Furthermore, the corrosion resistance of the
HEA coatings was assessed through electrochemical measurements (e.g.,
potentiodynamic polarization curves, electrochemical impedance spectroscopy) in a 3.5%
NaCl solution. The results indicated that coatings formed under specific scanning power
conditions exhibited the most compact microstructure and superior passivation
capabilities, leading to the highest corrosion resistance. This suggests that not only alloy
composition but also manufacturing process conditions critically determine the final

material properties.

Background & Context

Metal components used in severe environments, such as marine settings, chemical
plants, and high-temperature/high-pressure systems, constantly face issues of corrosion,
wear, and fatigue. Enhancing their lifespan and reliability is a significant challenge for
industries worldwide. High-entropy alloys (HEAs), with their unique composition and
crystal structure, have recently garnered attention as next-generation materials
possessing excellent mechanical properties and corrosion resistance. Applying HEA
coatings to existing materials offers a cost-effective approach to upgrade performance
with broad application potential. Laser cladding techniques continue to evolve as

effective methods for forming such high-performance coatings.



Strategic Significance & Outlook

This AlCoCrFeNi HEA coating holds promise for applications in high-performance sectors
where corrosion and wear are critical concerns, including marine engineering equipment
(e.g., ship components, offshore structures), chemical processing equipment, and
aerospace parts. Precise control of laser scanning power will enable customization of
coating properties to meet specific environmental demands. Future research will focus
on the applicability to various substrates, optimization of EHLC for large-scale
manufacturing processes, and long-term field testing in real-world environments. This
technology is expected to provide sustainable and economical solutions for surface
protection of high-performance materials, significantly contributing to the extended

lifespan and improved reliability of industrial infrastructure.

Source: https://www.icck.org/article/abs/jmde.2025.161346
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#34 Active Metasurfaces Achieve 33.5nm BIC
Resonance Shift via Sb2S3 Phase Transition, Enabling
Tunable Amplified Photoluminescence and Single-
Photon Emission

Published August 12,2026 MDPI  Switzerland

| overview

This research demonstrates a metasurface supporting tunable bound states in the
continuum (BIC) resonances in the visible regime, achieving experimental Q-factors
up to 206 in an amorphous state. The metasurface shows strong amplification of CIS
QDs photoluminescence and quantum light emission from hBN single-photon
emitters. It enables BIC resonance shifts of 33.5 nm via phase transition of Sb2S3 and
17 nm through dimensional parametric tuning, resulting in a highly directional
photoluminescence amplification up to 33-fold. This work sets a new benchmark for
reconfigurable nanophotonic platforms for efficient quantum light sources in

integrated photonic systems.
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Key Findings

This research demonstrates an innovative active metasurface capable of supporting
tunable "Bound States in the Continuum (BIC)" resonances in the visible regime.
Experimentally, this metasurface achieved a high Q-factor of up to 206 in its amorphous
state and successfully amplified both the photoluminescence from CIS Quantum Dots
(QDs) and quantum light emission from hexagonal boron nitride (hBN) single-photon

emitters.

Technical / Clinical Details

The key to this metasurface's performance lies in its exceptional tunability. By leveraging
the phase transition of antimony trisulfide (Sb2S3), it's possible to induce a significant
BIC resonance shift of 33.5 nm. An additional 17 nm shift can be achieved through
dimensional parametric tuning. This dynamic control over excitation wavelength and
emission properties allows for optimal output from quantum dots and single-photon
emitters. Specifically, the metasurface achieved a highly directional photoluminescence
amplification of up to 33-fold, drastically improving the optical output of quantum light
sources. The high Q-factor of 206 indicates efficient light confinement within the
material, enabling strong light-matter interaction. This technology was realized through
the integration of nanoscale structural design with "active" materials that can alter their

optical properties in response to external stimuli.

Background & Context

The advancement of next-generation technologies such as quantum information science,
quantum computing, and ultra-high-speed optical communication critically depends on
highly efficient and controllable quantum light sources. Traditional quantum light
sources have faced challenges related to low light extraction efficiency and difficulties in
external light modulation. Metasurfaces, artificial materials that manipulate light using
sub-wavelength structures, are gaining attention as promising platforms to overcome
these challenges. BIC, in particular, is a peculiar physical phenomenon that can strongly
confine light within a material, even though it is typically embedded in a continuous

spectrum, making it crucial for achieving high-Q factor resonances.



Strategic Significance & Outlook

The development of this active metasurface establishes a new benchmark for designing
efficient quantum light sources in integrated photonic systems. Tunable amplified
photoluminescence and single-photon emission will contribute to enhancing the
performance of various quantum technologies, including quantum communication,
quantum sensors, and photonic circuits for quantum computers. Future research will
focus on achieving broader tuning ranges, faster modulation speeds, and developing
large-scale integration processes. This technology holds the potential to accelerate the
commercialization of quantum light technologies and fundamentally transform the

future of information technology.

Source: https://www.mdpi.com/2079-4991/16/16/994
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#35 Chinese Researchers Develop Lightweight Laser
Receiver for Drones, Boosting Flight Duration via
Perovskite and Thermoelectric Materials

Published August 06, 2026  Optics & Photonics News (citing Matter & Light) China

| overview

Researchers in China have engineered a lightweight receiver for drones that converts
laser light into usable power. This tandem device uses a perovskite material to absorb
most of the incoming light for current generation, while a thermoelectric material
converts the absorbed heat into electricity, improving overall efficiency and
preventing overheating. To further reduce overheating risks, nanorods of antimony
selenide embedded in the perovskite layer enhance photovoltaic performance and
create an internal heat shield, boosting the thermoelectric layer's ability to generate

electricity by increasing the temperature gradient.
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Key Findings

A team of Chinese researchers has successfully engineered a lightweight receiver for
drones that efficiently converts laser light into usable electrical power. This innovative
tandem device, which combines perovskite and thermoelectric materials, is poised to

significantly extend drone flight durations and unlock new possibilities in aerial power

supply.

Technical / Clinical Details

The receiver is primarily composed of two functional layers. The top layer features a
perovskite material, which is responsible for absorbing the majority of the incoming laser
light to generate electrical current. Perovskites are renowned for their high photoelectric
conversion efficiency. Any remaining light energy that is not absorbed, or heat generated
within the perovskite layer, is subsequently converted into additional electricity by a
thermoelectric material positioned in the bottom layer. This synergistic approach
maximizes the energy harvested from the laser light, enhancing the overall efficiency of
the device. To further mitigate the risk of overheating, nanorods of antimony selenide are
embedded within the perovskite layer. These nanorods not only boost the photovoltaic
performance but also function as an internal heat shield, increasing the temperature
gradient across the thermoelectric layer and thereby efficiently enhancing its power

generation capability.

Background & Context

Drones are seeing expanded use across diverse fields such as logistics, surveillance,
agriculture, and disaster response. However, their short battery life and limited flight
duration have presented significant challenges, making them unsuitable for long-range
missions or extended surveillance tasks. Wireless power transmission, particularly using
lasers, has emerged as a promising approach to address drone power supply issues.
Nevertheless, critical challenges for practical implementation included the efficiency of
laser light conversion and effective management of the heat generated during this
conversion. This research offers a high-efficiency and thermally stable solution to these

problems.



Strategic Significance & Outlook

The success of this lightweight laser receiver will dramatically enhance drone operational
capabilities. Significantly extended flight times will enable drones to undertake broader
tasks and longer surveillance missions, creating new value in sectors like logistics,
infrastructure inspection, agricultural management, and border security. Future research
will focus on further optimizing laser output and receiver efficiency, ensuring safety
(particularly the impact of lasers on humans and animals), and developing large-scale
power transmission systems. This technology holds the potential to revolutionize future
aerial transport and remote operational systems by expanding drone autonomy and

application scope.

Source: https://www.optica-

opn.org/home/newsroom/2026/august/lasers_promise_power_solution_for_flying_drones/
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#36 High Thermoelectric Performance Achieved in K-

Doped CaCd2Sb2 Zintl Phase via Carrier Concentration
and Anionic Framework Tuning

Published August 12, 2026  ACS Publications  USA
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| overview

This research focuses on achieving high thermoelectric performance in the CaCd2Sb2
Zintl phase by tuning the carrier concentration and anionic framework. Zintl-phase
compounds are considered promising thermoelectric candidates, and this study
specifically introduces potassium (K) to optimize carrier concentration, increasing it
from 0.44 x 10719 to 8.31 x 10719 cm-3 at a K content of x = 0.02 at room
temperature. The work aims to enhance electrical transport properties and further

optimize lattice thermal conductivity.
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Key Findings

This research announces the successful achievement of remarkably high thermoelectric
performance in the CaCd2Sb2 Zintl phase through the precise tuning of both carrier
concentration and the anionic framework. This accomplishment reiterates the significant

potential of Zintl-phase compounds as next-generation thermoelectric materials.

Technical / Clinical Details

Zintl-phase compounds are known for exhibiting intermediate properties between
metals and covalently bonded compounds, often displaying excellent thermoelectric
performance. In this study, potassium (K) was specifically introduced into the CaCd2Sb2
Zintl phase to effectively optimize the material's carrier concentration. Notably, at a K
content of x = 0.02, the room-temperature carrier concentration dramatically increased
from a baseline of 0.44 x 10719 cm-3 to 8.31 x 10719 cm-3. This adjustment in carrier
concentration directly correlates with improved electrical conductivity and, consequently,
an enhanced thermoelectric figure of merit (ZT value). The K doping also influenced the
anionic framework of the material, suggesting potential for further optimization of lattice
thermal conductivity through subtle changes in the atomic structure. This precise doping
and structural control led to a significant improvement in electrical transport properties,

dramatically boosting the material's thermoelectric performance.

Background & Context

Thermoelectric generation technology, which directly converts waste heat into electricity,
is playing an increasingly crucial role in improving energy efficiency and building
sustainable energy systems. However, the relatively low conversion efficiency of
thermoelectric materials has been a primary obstacle preventing their widespread
adoption. Developing high-performance thermoelectric materials requires
simultaneously achieving high electrical conductivity, low thermal conductivity, and a
high Seebeck coefficient. Zintl-phase compounds are actively researched as promising
candidates for next-generation thermoelectric materials because their unique crystal

structures allow them to balance these often-conflicting properties.



Strategic Significance & Outlook

The realization of high thermoelectric performance in K-doped CaCd2Sb2 Zintl phase
expands its applicability across various fields, including waste heat recovery, power
generation, and sensors. Its performance will be particularly valuable in applications
requiring efficient thermoelectric conversion in low to medium temperature ranges, such
as automotive waste heat utilization, industrial waste heat recovery, and power supply
for wearable devices. Future research will focus on further optimizing K doping, exploring
other dopant elements, reducing thermal conductivity through nanostructuring, and
developing large-scale synthesis processes. This technology represents a crucial step
toward achieving high-performance thermoelectric materials essential for the

advancement of sustainable energy conversion technologies.

Source: https://pubs.acs.org/aaemcq/article/doi/10.1021/acsaem.6c02134/5253838/Realizing-High-

Thermoelectric-Performance-in-the
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#37 Al and Autonomous Labs Propel Semiconductor
Material Discovery from Linear to Multidimensional,
Breaking Physical Limits in Chip Manufacturing

Published August 14, 2026  Robotics & Automation News USA

| overview

The integration of Al and autonomous laboratories is poised to revolutionize
semiconductor material discovery, accelerating the process from traditional linear
manual approaches to highly efficient, multidimensional closed-loop systems. This
paradigm shift is critical for overcoming the current physical limitations in chip
manufacturing, enabling faster identification and development of advanced materials.
The technology promises to dramatically shorten R&D cycles and time-to-market for

future high-performance semiconductors.
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Key Findings

The synergy of Al and autonomous laboratories is set to fundamentally transform
semiconductor material discovery, shifting from linear, manual trial-and-error to
advanced closed-loop systems capable of rapidly exploring multidimensional property
requirements. This groundbreaking approach promises to break through the physical
limitations currently encountered in chip manufacturing, providing an essential

foundation for the development of future high-performance semiconductors.

Technical / Clinical Details

Traditional material discovery has relied on a linear sequence of hypothesis,
experimentation, and analysis. Al-driven autonomous labs radically advance this by using
Al to predict novel material candidates from vast datasets, while robotic systems
synthesize and test these candidates in a self-driving lab environment. The resulting data
is then fed back to the Al, creating a continuous, rapid, human-free cycle of discovery.
This is particularly crucial in semiconductors where miniaturization limits and demands
for new functionalities necessitate novel materials. The system excels in efficiently
exploring materials with diverse properties, including thermal, electrical, and mechanical

stability, crucial for next-generation devices.

Background & Context

The semiconductor industry faces significant challenges in sustaining performance
improvements and cost reductions amidst the deceleration of Moore's Law. To overcome
these hurdles, the discovery of entirely new materials, beyond mere circuit scaling, is
paramount. Al and autonomous laboratories are emerging as powerful tools to
surmount this 'materials wall." Al-driven material design holds the potential to reduce
development times from years to months or even weeks. Major technology players like
Google and IBM are actively investing in this domain, indicating a significant paradigm

shift in material science research.



Strategic Significance & Outlook

This transformative technology extends its impact far beyond semiconductors, with
broad applications in energy, medicine, and aerospace—any field demanding advanced
functional materials. In the future, this approach is expected to drastically reduce the
search space for materials, enabling faster and more cost-effective realization of
innovative materials. While regulatory frameworks and data sharing challenges remain,
Al and autonomous labs are set to become a core technology driving the next wave of
scientific and technological innovation. Concrete products and technologies leveraging

this approach are anticipated to enter the market within the next 5-10 years.

Source: https://roboticsandautomationnews.com/2026/08/14/how-ai-and-self-driving-labs-could-

accelerate-semiconductor-materials-discovery/104145/
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#38 Discovered Materials Secures $9 Million Seed
Funding and Unveils New Al Benchmark to Accelerate
Semiconductor Material Discovery

Published August 11, 2026  Semiecosystem - Substack ~ USA
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| overview

Discovered Materials, an Al-driven materials discovery startup, has raised $9 million in
seed funding to accelerate the discovery of new semiconductor materials using Al
agents. Concurrently, the company launched 'Material Discovery Bench," a novel Al
benchmark technology designed to evaluate Al's capabilities in materials discovery.
This funding and benchmark represent a significant step towards addressing
semiconductor overheating issues and advancing next-generation chip development,

with expectations for faster material-to-market translation.
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Key Findings

Discovered Materials, an Al-powered startup specializing in materials discovery, has
successfully secured $9 million in seed funding to advance its mission of accelerating the
identification of novel semiconductor materials through Al agents. Concurrently, the
company introduced the 'Material Discovery Bench,' the first Al benchmark technology
specifically designed to objectively evaluate Al's performance in materials discovery,

aiming to enhance transparency and measurable progress within the industry.

Technical / Clinical Details

Discovered Materials deploys Al agents within both physical and virtual laboratory
environments to autonomously explore and optimize new semiconductor materials. This
system synergistically combines computational simulations with empirical
experimentation, enabling the identification of material candidates with significantly
greater speed and efficiency compared to traditional human-led processes. The ‘Material
Discovery Bench' is a standardized evaluation tool designed to measure how quickly and
accurately various Al models and algorithms can discover optimal compositions and
structures for specific material properties, such as thermal conductivity or electrical

resistance.

Background & Context

The semiconductor industry is grappling with escalating heat dissipation challenges due
to increased chip density and the imperative for material innovation to unlock new
functionalities. Conventional materials development processes represent a costly and
time-consuming bottleneck, making Al-driven automation a critical solution. Discovered
Materials' funding round underscores strong investor confidence in this domain,
signaling the potential for their technology to define the next frontier in semiconductor
design. Competing Al materials science companies, such as CuspAl, are also developing

similar solutions, intensifying competition in this nascent but rapidly growing sector.



Strategic Significance & Outlook

With this new funding and the introduction of a benchmarking tool, Discovered
Materials is poised to solidify its leadership in the semiconductor materials discovery
market. Their technology has the potential to accelerate innovation across a broad
spectrum of fields, including more energy-efficient chips, next-generation computing,
and quantum technologies. The '‘Material Discovery Bench,' in particular, is expected to
catalyze R&D in Al materials science and facilitate comparative analysis among different
Al solutions, thereby contributing to overall industry advancement. The company plans
to expand its material design and optimization pipeline and pursue commercialization

initiatives.

Source: https://marklapedus.substack.com/p/ai-materials-discovery-startup-emerges
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#39 CuspAl's Al Materials Foundry Screens Trillions of
Molecules in Months, Demonstrating Rapid
Development of Innovative Materials

Published August 09, 2026  Trend Hunter International

| overview

CuspAl is accelerating Al-powered materials discovery through its ‘Al Materials
Foundry' platform, which integrates Al, scientific data, computational resources, and
physical labs. The company's MIRA agent platform has demonstrated the ability to
screen trillions of molecular structures and generate validated new material
candidates within months. This breakthrough significantly shortens advanced material
development cycles, paving the way for faster commercialization and fostering

innovation across diverse industrial sectors.
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Key Findings

CuspAl is dramatically accelerating Al-powered materials discovery through its "Al
Materials Foundry' and MIRA agent platform, which seamlessly integrates Al, scientific
data, computational resources, and physical laboratories. This platform has
demonstrated the unprecedented ability to screen trillions of molecular structures within
just a few months, rapidly generating validated material candidates—a speed previously

unimaginable with conventional processes.

Technical / Clinical Details

CuspAl's 'Al Materials Foundry' is built upon advanced generative Al models and vast
scientific datasets. The MIRA agent autonomously designs novel molecular structures
that have the potential to meet specific functional requirements, such as thermal
stability, electrical conductivity, or lightweight properties. It then utilizes computational
resources to extensively predict the characteristics of these candidates before
proceeding to synthesis and experimental validation in a physical laboratory. This closed-
loop system optimizes the entire process from design to validation, drastically reducing
material development timelines from years to mere months. This rapid screening
capability offers a significant advantage, particularly in the development of new

pharmaceuticals, advanced electronic materials, and sustainable energy materials.

Background & Context

In materials science, the discovery of innovative materials has long been a bottleneck
hindering progress across various industries. Developing high-performance
semiconductors, batteries, and catalysts, for instance, requires sifting through an
immense number of molecular structures to find optimal candidates. CuspAl's
technology efficiently navigates this vast search space with Al, expanding the potential to
discover ‘hidden' materials that are difficult for humans to identify. Tech giants like Meta
and Nvidia are also keenly observing the potential of Al in materials discovery,
highlighting the rapid advancements in this sector. CuspAl has already established an 'Al
Materials Foundry' network with 45 organizations, signifying growing industry

collaboration.



Strategic Significance & Outlook

CuspAl's 'Al Materials Foundry' is expected to play a central role in future materials
science research and industrial applications. The company's technology will contribute to
accelerating new product development in diverse fields, including pharmaceuticals,
aerospace, automotive, and renewable energy. Particularly in the contemporary emphasis
on sustainability, Al serves as a powerful tool for designing new materials with lower
environmental impact and enhanced recyclability. Ultimately, this represents a crucial
step toward realizing 'fully automated material development,' where Al autonomously

designs, manufactures, and optimizes materials.

Source: https://www.trendhunter.com/trends/ai-powered-materials-discovery
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#40 Sherwin-Williams Launches Robust ControlTech

Chemical-Resistant Coating System for Secondary
Containment Demands

Published August 07, 2026  Coatings World  USA

| overview

Sherwin-Williams Protective and Marine Coatings has introduced 'ControlTech," a new
chemical-resistant coating system designed for robust protection in secondary
chemical containment areas. This system aims to safeguard concrete containment
structures from hazardous chemicals, fuels, and oils. ControlTech was developed in
response to evolving regulatory requirements for chemical storage, significantly
enhancing industrial safety and environmental compliance. This crucial solution

mitigates the risk of damage from chemical spills and supports operational continuity.
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Key Findings

Sherwin-Williams Protective and Marine Coatings has launched 'ControlTech,' an
innovative chemical-resistant coating system designed to provide robust protection in
secondary chemical containment areas. This new product prevents the deterioration of
concrete structures from hazardous chemicals, fuels, and oils, and complies with evolving
regulatory requirements, thereby significantly improving industrial safety and

environmental compliance.

Technical / Clinical Details

The ControlTech system consists of a multi-layered, high-performance polymer-based
coating that delivers superior chemical barrier properties and long-term durability. It
exhibits exceptional resistance to penetration and abrasion, engineered to withstand a
wide range of chemical substances including various acids, alkalis, solvents, and fuels.
The system adheres strongly to concrete surfaces, resisting cracking and delamination,
making it suitable for demanding industrial environments. While relatively easy to install,
its fast cure time minimizes facility downtime, providing high protection performance

efficiently.

Background & Context

In recent years, regulations concerning the handling and storage of chemical substances
have become increasingly stringent worldwide, placing greater responsibility on
companies for environmental pollution risk and employee safety. The integrity of
secondary containment areas (structures designed to hold chemical spills from tanks or
containers) is critically important. Sherwin-Williams' ControlTech was developed to meet
these market needs and regulatory trends. It is positioned as an essential infrastructure
protection solution for all industries handling chemicals, including chemical plants,

petrochemical facilities, power plants, and food processing facilities.



Strategic Significance & Outlook

The introduction of ControlTech sets a new standard for chemical containment
technology, significantly contributing to the reduction of accident risks and
environmental protection in industrial sectors. This product extends the asset life of
facilities, reduces maintenance costs, and facilitates regulatory compliance. Sherwin-
Williams aims to further strengthen its position as a leader in chemical management
solutions by deploying this technology globally. Future expansion of the product lineup

to address more specialized environments and new chemical substances is anticipated.

Source: https://www.coatingsworld.com/breaking-news/sherwin-williams-lunches-controltech-for-

growing-chemical-containment-demands/
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#41 Argonne National Lab Accelerates Materials

Discovery by Real-Time X-ray Data Analysis with Al and
Robotics

Published August 10, 2026  Argonne National Laboratory  USA

| overview

Argonne National Laboratory is dramatically accelerating materials science discovery
through its DONUT system, enabling real-time X-ray data analysis. This initiative is
central to an autonomous discovery program that integrates robotics, machine
learning, and artificial intelligence. Al agents autonomously iterate between physical
experiments and hypothesis generation, streamlining R&D and significantly boosting
the speed of new material discovery. This approach drastically reduces experimental

cycle times from weeks or months, accelerating scientific breakthroughs.
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Key Findings

Argonne National Laboratory has dramatically accelerated the pace of discovery in
materials science by implementing 'DONUT," a real-time X-ray data analysis system. This
system is a core component of an autonomous discovery program that integrates
robotics, machine learning, and artificial intelligence, enabling Al agents to
autonomously execute cycles of physical experimentation and hypothesis generation,

driving new material R&D at unprecedented speeds.

Technical / Clinical Details

The DONUT system analyzes vast datasets from advanced X-ray scattering experiments
on the fly, allowing researchers to gain critical insights as experiments progress.
Specifically, it processes raw data from X-ray detectors in real-time, providing immediate
visualization and analysis of material structural changes and compositional information.
This real-time feedback loop is integrated with Al agents, which use the analytical results
to optimize subsequent experimental conditions or generate new hypotheses. For
example, the system can autonomously explore optimal growth conditions by
monitoring the crystalline growth process of a material in real-time. This closed-loop
system empowers scientists to rapidly screen thousands of experimental conditions and
efficiently pinpoint optimal outcomes, potentially increasing discovery efficiency by
several to tens of times compared to traditional manual data collection and offline

analysis.

Background & Context

The discovery of novel functional materials is key to technological innovation across
diverse sectors, including energy storage, quantum computing, and advanced medicine.
However, conventional materials science research has traditionally been a time-
consuming and resource-intensive bottleneck. Large-scale research facilities like Argonne
National Laboratory possess advanced analytical instrumentation and computational
resources, but their maximal utilization demands automation. The combination of Al and
robotics is gaining global attention as a promising solution to this challenge, establishing
a new paradigm of automated and accelerated research, thereby creating an

environment where scientists can focus on more complex scientific problems.



Strategic Significance & Outlook

The evolution of Argonne National Laboratory's autonomous discovery program and
real-time analytical tools like DONUT is critically important for shaping the future of
materials science. This technology enables high-throughput screening and deepens the
understanding of complex material systems that were previously difficult to explore.
Future expectations include the creation of a 'fully autonomous lab ecosystem' where
humans set objectives, and Al independently handles material design, synthesis,
evaluation, and optimization. This promises to bring about new breakthroughs more

rapidly and contribute significantly to solving societal challenges.

Source: https://www.anl.gov/autonomous-discovery
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#42 U.S. Department of War Commits $150 Million

Loan to Niron Magnetics to Accelerate Domestic Rare
Earth-Free Magnet Production

Published August 10, 2026  Department of War ~ USA

| overview

The U.S. Department of War's Office of Strategic Capital (OSC) has signed a
conditional loan commitment of $150 million with Niron Magnetics. This funding is
designated for the construction of Niron's first commercial-scale rare earth-free iron
nitride permanent magnet manufacturing facility in Saugerties, Minnesota. This
strategic initiative aims to reduce U.S. reliance on foreign rare earth supply chains and
secure domestic access to critical materials for defense and key industrial sectors,

enhancing national security and technological self-sufficiency.
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Key Findings

The U.S. Department of War's Office of Strategic Capital (OSC) has finalized a conditional
direct loan commitment of $150 million (approximately 22.5 billion JPY) with Niron
Magnetics. This landmark funding will substantially bolster Niron Magnetics' plans to
construct the nation’s first commercial-scale rare earth-free iron nitride permanent
magnet manufacturing facility in Saugerties, Minnesota. This represents a critical national
effort to dramatically reduce reliance on foreign rare earth materials in defense and vital

industrial sectors, thereby fortifying the resilience of domestic supply chains.

Technical / Clinical Details

Niron Magnetics' iron nitride (FeN) permanent magnets are distinguished by their
complete absence of rare earth elements, a stark contrast to conventional rare earth
magnets like neodymium magnets. Rare earth production is concentrated in specific
countries, such as China, posing significant supply chain risks and environmental
concerns. Niron's FeN magnets aim to deliver magnetic properties comparable to or
exceeding existing neodymium magnets—for instance, in maximum energy product—
through a more stable and sustainable supply chain. This technology is anticipated to be
a next-generation magnet crucial for high-performance motors and generators in
electric vehicles, wind turbines, defense systems, and consumer electronics. The stability
of critical system supply chains is paramount for national security, especially in defense

applications.

Background & Context

Rare earth permanent magnets are indispensable materials for modern advanced
technologies, yet their production is subject to geopolitical risks. Given China's
dominance in global rare earth supply, the U.S. has prioritized establishing domestic
production capabilities as a matter of national security. The Department of War's OSC is
investing in innovative companies like Niron Magnetics to strengthen the domestic
manufacturing base in critical technology sectors. This loan commitment unequivocally
demonstrates the U.S.'s resolve to ensure strategic autonomy across a wide array of

fields, from clean energy technologies to the defense industry.



Strategic Significance & Outlook

The construction of Niron Magnetics' new facility marks a pivotal milestone in
establishing U.S. mass production capabilities for rare earth-free magnets. This will
alleviate rare earth supply anxieties, enabling EV manufacturers and defense contractors
to source high-performance magnets from a more stable domestic supplier. The
technology holds the potential to diversify supply chains and shift the competitive
landscape in the global market. Furthermore, continued advancements in iron nitride
magnet technology are expected to facilitate the creation of smaller, more powerful
devices and enhance energy efficiency, serving as a critical component in supporting

long-term U.S. technological superiority.

Source: https://www.war.gov/News/Releases/Release/Article/4566567/office-of-strategic-capital-signs-

150-million-conditional-loan-commitment-with/
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#43 Green Evolution Technologies Achieves 7.5x
Equipment Efficiency in Patented Hydrogel
Manufacturing, Launches InteliGel™ Commercially

Published August 12, 2026 PR Newswire USA

| overview

Green Evolution Technologies (GET) announced the commercial launch of its patented
InteliGel™ hydrogel delivery platform. The company has achieved a groundbreaking
7.5x equipment efficiency in cost-effective, large-scale advanced hydrogel
manufacturing compared to traditional methods. This breakthrough is expected to
create a new category in global resource infrastructure, accelerating the widespread
industrial application of hydrogel materials. It promises to deliver cost-effective

solutions across diverse sectors, from environmental conservation to agriculture.
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Key Findings

Green Evolution Technologies (GET) has announced the commercial deployment of its
patented InteliGel™ hydrogel delivery platform, highlighting a significant breakthrough
in the cost-effective, large-scale manufacturing of advanced hydrogels. The company
claims an impressive 7.5 times improvement in equipment efficiency compared to
conventional hydrogel production processes, asserting that this new technology

establishes a novel category in global resource infrastructure.

Technical / Clinical Details

The InteliGel™ platform utilizes a proprietary manufacturing technology that enables
high-volume production of high-performance hydrogels with significantly less energy
and resources than previous methods. Traditional hydrogel manufacturing often involves
high water consumption, lengthy reaction times, and complex post-processing, posing
challenges in terms of cost and environmental impact for large-scale production. GET's
new technology overcomes these hurdles by optimizing and automating the
manufacturing process, dramatically increasing output per unit of equipment. This
breakthrough is expected to substantially reduce the cost of hydrogel materials, thereby
broadening their application scope. InteliGel™ offers advantages such as high
absorbency, biocompatibility, and customizable release characteristics, making it suitable
for diverse applications in agricultural water management, soil improvement,

environmental remediation, drug delivery, and wound dressings.

Background & Context

Hydrogels, due to their unique properties, have garnered attention as 'smart materials'
and have been researched for various industrial applications. However, their high cost
and complex manufacturing processes have historically hindered large-scale
commercialization. GET's manufacturing breakthrough has the potential to remove this
barrier and significantly expand the hydrogel market. Particularly amidst growing water
scarcity due to climate change and increasing demand for sustainable agriculture,
enhancing water retention capabilities through hydrogels becomes a crucial technology
contributing to food security and environmental protection. This innovation is poised to
exert a substantial impact on the entire hydrogel industry, creating new business

opportunities.



Strategic Significance & Outlook

The commercial deployment of GET's InteliGel™ is anticipated to have cascading effects
across many industries by making hydrogels more affordable and accessible. The
company is actively pursuing partnerships in key markets such as agriculture, water
treatment, and healthcare, with plans to expand its global footprint. This advancement in
manufacturing technology will further broaden the application areas of hydrogels and
act as a catalyst for new products and services. Moving forward, environmentally friendly
and high-performance solutions based on InteliGel™ are expected to contribute to

solving global resource management and sustainability challenges.

Source: https://www.prnewswire.com/news-releases/green-evolution-technologies-unveils-the-

manufacturing-breakthrough-behind-a-new-category-in-global-resource-infrastructure-302847542.html
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#44 POSTECH Develops Dual-Functional All-Dielectric
Monolayer Metasurface for Triple-Color Printing and
High-Efficiency Holography in White Light

Published August 12, 2026  24-7PressRelease (referencing Light: Advanced Manufacturing)  South

Korea

| overview

Researchers at POSTECH have developed a dual-functional all-dielectric monolayer
metasurface that enables both triple-color printing under white light and high-
efficiency holography under coherent light. This innovative platform integrates
multiple optical functions into a single, compact structure. It opens new avenues for
applications in optical security, information storage, and display technologies,
facilitating the miniaturization and performance enhancement of advanced optical
systems. This achievement marks a significant breakthrough in the field of

metamaterials.
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Key Findings

Researchers at POSTECH (Pohang University of Science and Technology) in South Korea
have developed a groundbreaking all-dielectric monolayer metasurface that
simultaneously achieves two distinct optical functions: triple-color printing under white
light and high-efficiency holography under coherent light. This single platform integrates
complex multiple optical systems into a compact solution, significantly expanding the
possibilities for next-generation optical security technologies, information storage, and

displays.

Technical / Clinical Details

The developed metasurface consists of a single layer of all-dielectric material (typically
barium titanate or similar dielectric materials) patterned with nanoscale structures,
typically hundreds of nanometers in scale. This design allows for precise control over the
phase, amplitude, and polarization of incident light at the nanoscale. Under white light, it
efficiently scatters, absorbs, and transmits specific wavelengths to form independent RGB
(Red, Green, Blue) pixels, enabling high-resolution triple-color printing. Conversely, when
illuminated with coherent laser light, it generates distinct diffraction patterns, projecting
high-efficiency holographic images. A key technical advantage is its ability to overcome
optical loss issues prevalent in conventional metasurfaces, maintaining high diffraction

efficiency. This allows for low-power operation, improving device energy efficiency.

Background & Context

Modern optical technology faces increasing demands for device miniaturization and
multifunctionality. Traditional optical elements often require combinations of multiple
components such as lenses and prisms, leading to larger and more complex systems.
Metasurfaces, with their ultrathin and lightweight properties, are considered next-
generation technology to address these challenges. In the security sector, in particular,
identifiers with multiple optical properties are needed for anti-counterfeiting. In
information storage, high-density and multi-layered information recording is required.
This research from POSTECH addresses these industrial needs and advances the

forefront of metamaterial research.



Strategic Significance & Outlook

This dual-functional metasurface enables breakthroughs in a wide range of applications,
including optical security labels, high-density data storage, augmented reality (AR) /
virtual reality (VR) displays, and even compact spectrometers and sensors. Its ability to
integrate multiple functions into a single device contributes to cost reduction and
miniaturization, facilitating integration into smart devices and wearable technologies. In
the future, it is expected that this technology will further evolve to enable adaptive
metasurfaces capable of dynamically switching colors and holographic images. This

would dramatically enhance the flexibility of security measures and information display.

Source: https://www.24-7pressrelease.com/press-release/537622/dual-functional-metasurfaces-enabling-

high-efficiency-holography-and-triple-color-printing
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#45 Kyushu University Develops Self-Healing MOF
Hydrogel Film with 99% Tensile Strength Recovery,
Extends Pork Shelf Life by 12 Hours

Published August 10, 2026  packaginginsights (referencing Chemical Engineering Journal)

Japan

| overview

Researchers at Kyushu University have developed a self-healing hydrogel film that
indicates food freshness by changing color. This innovative film, incorporating
anthocyanins derived from purple sweet potatoes within a metal-organic framework
(MOF), demonstrates remarkable self-healing capabilities, recovering 99% of its
tensile strength after being cut. Experiments showed that using this film extended the
shelf life of pork by approximately 12 hours, offering significant potential for reducing
food waste and enhancing consumer safety. This achievement marks a breakthrough

in the food packaging sector.
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Key Findings

A research team at Kyushu University has successfully developed a groundbreaking self-
healing hydrogel film that visually indicates food freshness through color changes. This
innovative film exhibits an astonishing self-healing capacity, recovering 99% of its tensile
strength shortly after being cut. Furthermore, it has been demonstrated to extend the
shelf life of pork by approximately 12 hours. This represents a revolutionary food
packaging technology with significant potential to reduce food waste and enhance food

safety for consumers.

Technical / Clinical Details

The developed hydrogel film is realized by effectively incorporating anthocyanins,
natural pigments extracted from purple sweet potatoes, within a metal-organic
framework (MOF). The MOF possesses a porous structure that stably holds anthocyanins
while leveraging its property to react with volatile organic compounds (VOCs), such as
amines, generated during food spoilage. Upon contact with VOCs, the chemical structure
of anthocyanins changes, causing the film's color to shift from blue to green and then
yellow, progressively indicating freshness. This visual indicator allows consumers to easily
assess food spoilage. Additionally, the hydrogel, through a unique polymer network,
rapidly recombines at room temperature when physically damaged (e.g., cuts),
recovering 99% of its original mechanical properties. Packaging tests with pork
confirmed an extension of shelf life by approximately 12 hours compared to
conventional packaging, attributed to the film's ability to inhibit microbial growth and

maintain its barrier function.

Background & Context

Food spoilage and associated food waste represent a global societal challenge, posing
significant environmental burdens and economic losses. Traditional shelf-life labeling
does not always accurately reflect the actual condition of food, contributing to
unnecessary consumer waste. Moreover, damage to packaging films increases the risk of
food contamination. Kyushu University's research proposes an ingenious approach to
these challenges by offering a single material that combines a freshness indicator with
self-healing capabilities. The use of natural pigments is also noteworthy for its

environmental considerations, paving a new path in the smart packaging field.



Strategic Significance & Outlook

This self-healing hydrogel film has the potential to make a significant impact on the
smart packaging market. Its ability to provide real-time freshness information and
maintain packaging integrity will contribute to reducing food loss throughout the supply
chain, proving particularly valuable in the distribution of perishable goods. In the future,
optimizing anthocyanin sources and MOF structures for various foods and environmental
conditions is expected to broaden its application to a wider range of food products.
Furthermore, by allowing damaged films to self-repair rather than being discarded, it will
contribute to reducing packaging material consumption, positioning it as a key

technology for achieving a sustainable society.

Source: https://www.packaginginsights.com/news/self-healing-film-food-freshness.html
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#46 Applied Materials Achieves Record $9.12 Billion
Revenue in Q3 2026, Driven by Surging Al Demand

Published August 13,2026  Applied Materials, Inc.  USA

I OVERVIEW

Applied Materials announced record-breaking revenue of $9.12 billion in the third
quarter of 2026, significantly propelled by the rapid proliferation of Al and the
ensuing strong demand for its materials engineering solutions. This growth is further
supported by expanding R&D partnerships at its EPIC Center, demonstrating how
investments in next-generation semiconductor manufacturing technologies are
yielding substantial results. Applied Materials' strategic alignment with the market's Al

shift is robustly driving its financial performance.
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Key Findings

Applied Materials announced that it achieved a record-breaking revenue of $9.12 billion
(approximately 1.368 trillion JPY) in the third quarter of 2026. This exceptional
performance was strongly driven by the rapid proliferation of artificial intelligence (Al)
technology and the robust demand for advanced materials engineering solutions it
entails. The company is strengthening its ability to respond to evolving market demands

by expanding partnerships at its EPIC Center, a key research and development hub.

Technical / Clinical Details

Applied Materials is a global leader in semiconductor manufacturing equipment and
related services, particularly recognized for providing innovative solutions in materials
engineering. The record revenue reflects high customer demand for advanced process
technologies, including atomic layer deposition, etching, and ion implantation. These
technologies are indispensable for manufacturing next-generation semiconductors such
as Al chips, high-performance computing (HPC), and advanced memory. Al workloads
demand higher power efficiency, faster data processing, and new materials and
processes that enable finer structures, placing Applied Materials' materials engineering
expertise at the core of this evolution. R&D partnerships at the EPIC Center accelerate
advancements in cutting-edge materials science and equipment technology through

collaboration with customers and research institutions.

Background & Context

The semiconductor industry is currently in the midst of an Al revolution, with Al
capabilities being leveraged across data centers, edge devices, autonomous driving, and
more. Concurrently, the demand for high-performance semiconductors optimized for Al
has exploded, and the complexity of manufacturing processes and material requirements
are higher than ever before. Applied Materials has been quick to identify these market
shifts, leveraging its leadership in materials engineering to help customers efficiently
produce next-generation chips. The company's robust performance demonstrates its
established position as a foundational technology provider supporting the infrastructure
of the Al era.



Strategic Significance & Outlook

Applied Materials' strong growth is expected to continue with the expansion of the Al
market. Through its materials engineering expertise and continuous investment in R&D,
the company will continue to provide technologies essential for improving Al chip
performance and reducing costs. In particular, its materials science solutions are
expected to play a crucial role in frontier areas such as new memory technologies,
advanced packaging, and quantum computing. This record revenue clearly illustrates the
strength of Al-driven innovation in the semiconductor industry, and Applied Materials

will remain a central player in this transformative period.

Source: https://ir.appliedmaterials.com/news-releases/news-release-details/applied-materials-announces-

third-quarter-2026-results
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#47 Temperature-Driven Sequential Modeling
Framework Developed for Predicting Annual Power
Conversion Efficiency Profiles of Organic Photovoltaic
Materials

Published August 13, 2026  arXiv (cond-mat.mtrl-sci)  International
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| overview

Researchers have developed a temperature-driven sequential modeling framework to
predict the annual power conversion efficiency profiles of organic photovoltaic (OPV)
materials. This new framework improves upon static performance reporting under
standard test conditions, enabling more accurate capture of OPV performance
degradation under actual outdoor deployment conditions. This will significantly
enhance OPV design and real-world long-term performance evaluation, fostering the
application of reliable renewable energy technologies. The technology marks a

breakthrough in improving the prediction accuracy of OPV lifespan and efficiency.
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Key Findings

Researchers have developed a novel temperature-driven sequential modeling framework
that allows for high-accuracy prediction of the annual power conversion efficiency
profiles of organic photovoltaic (OPV) materials. This framework overcomes the
limitations of static performance evaluation under standard laboratory conditions,
enabling a more precise capture of OPV degradation behavior in actual outdoor
environments. This development significantly contributes to the optimization of OPV

design and the enhancement of reliability in real-world applications.

Technical / Clinical Details

The modeling framework accounts for the complex behavior of OPV materials under
various temperature conditions. Specifically, it utilizes a combination of sequential
machine learning algorithms and physical models, taking current-voltage (I-V)
characteristic data at different temperatures as input. This generates annual prediction
profiles for efficiency drops caused by diurnal temperature fluctuations, seasonal
changes, and long-term thermal stress. Conventional prediction models often rely on
single Standard Test Condition (STC) data, failing to accurately represent performance
variations and degradation under real, fluctuating environmental conditions. This new
framework significantly improves prediction accuracy by integrating temperature-
dependent changes in charge carrier transport properties, material structure, and
thermally induced degradation pathways into the model. Its effectiveness was validated

through a case study evaluating OPV performance in tropical regions like Douala.



Background & Context

Organic photovoltaic cells are anticipated for diverse niche market applications,
including building-integrated photovoltaics (BIPV), wearable devices, and |oT sensors,
owing to their unique properties such as lightweight, flexibility, and semi-transparency.
However, a primary barrier to their commercialization has been long-term stability in
real-world conditions and uncertainties in performance prediction. Despite reports of
high performance under standard test conditions, performance often degrades rapidly
due to factors like high temperatures, humidity, and UV exposure outdoors. This
modeling framework quantifies the impact of these environmental factors on OPVs and
enables the design of more robust and long-lasting devices, which is crucially important

for increasing the market acceptance of OPV technology.

Strategic Significance & Outlook

The introduction of this temperature-driven sequential modeling framework is poised to
revolutionize the OPV research and development process, enabling designers to more
confidently select materials that perform well in real-world environments. This will
shorten the time-to-market for OPVs and reduce development costs. In the future, this
framework has the potential to be further refined and developed into a comprehensive
predictive model that integrates other environmental factors such as humidity, UV
irradiation, and mechanical stress. This marks an important step towards enhancing the
reliability of renewable energy technologies and contributing to the realization of a
sustainable society. Applications to other novel solar cell materials, such as perovskite

solar cells, are also anticipated.

Source: #
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#48 First-Principles Framework for Magnetoelastic
Coupling in Two-Dimensional Magnets Established
Based on Strain-Dependent Heisenberg Model

Published August 13, 2026  arXiv (cond-mat.mtrl-sci)  International
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| overview

Researchers have developed a first-principles framework describing magnetoelastic
coupling in two-dimensional magnetic materials, based on a strain-dependent
Heisenberg model. This innovative approach allows direct access to magnetostriction
and the magnetic renormalization of elastic tensors through the strain derivative of
exchange interactions, establishing a microscopic link between spin interactions and
lattice elastic response. This work deepens the fundamental understanding of 2D
magnets and provides a critical theoretical foundation for future spintronic devices
and miniaturized magnetic sensor development, opening new avenues for functional

material design.
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Key Findings

Researchers have established a first-principles framework for describing magnetoelastic
coupling in two-dimensional (2D) magnetic materials, grounded in a strain-dependent
Heisenberg model. This groundbreaking approach directly utilizes the strain derivative of
exchange interactions to accurately assess magnetostriction (the phenomenon where
magnetization changes with external stress) and the magnetic renormalization of elastic
tensors (changes in elastic properties due to magnetic influence), elucidating the

microscopic coupling mechanisms between spins and the crystal lattice.

Technical / Clinical Details

This first-principles framework is realized by combining Density Functional Theory (DFT)
calculations with complementary classical or quantum spin models (Heisenberg model).
The core innovation lies in its ability to precisely calculate how the exchange interaction
energy (the strength of interaction between spins) in magnetic materials changes with
externally applied strain. Specifically, it quantifies the impact of minute deformations in
the crystal lattice on the strength of spin-spin coupling, thereby predicting the resulting
magnetostrictive effects. This framework microscopically unravels complex interactions
between spin structures and lattice dynamics that conventional phenomenological
models could not fully capture. Using this method, it becomes possible to simulate
magnetoelastic coupling in various 2D magnetic materials (e.g., Crl3, Fe3GeTe2) and

predict their intrinsic properties.

Background & Context

Two-dimensional magnetic materials, akin to graphene in their atomic-layer thinness, are
garnering interest for applications in next-generation spintronics, quantum computing,
and ultra-miniature magnetic sensors due to their unique physical properties. The
performance of these devices heavily relies on the coupling between their magnetic and
mechanical properties, particularly strain (magnetoelastic coupling). However, accurately
understanding and predicting this coupling mechanism at a microscopic level has been
challenging. The development of this framework not only deepens the fundamental
understanding of 2D magnetic materials but also enables precise control over magnetic
properties via external strain, paving the way for designing devices with novel

functionalities.



Strategic Significance & Outlook

This first-principles framework will serve as a powerful tool for the design and
optimization of 2D magnetic materials. Researchers and engineers can now use this
model to theoretically predict materials with specific magnetoelastic coupling properties
and experimentally validate them. This could accelerate the development of room-
temperature spintronic devices and highly sensitive magnetic sensors. In the future, it is
also expected to contribute to the development of 'straintronics' devices, where
magnetic information can be written or read by externally applied strain. This technology
represents a crucial fundamental research outcome for achieving further miniaturization

and enhanced efficiency in information technology.

Source: #
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#49 Polymer Glasses Under Stress-Induced Overaging

Exhibit Accelerated Segmental Dynamics Despite
Increased Yield Stress

Published August 10, 2026  arXiv (cond-mat.soft) International
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| overview

A new phenomenon has been discovered in polymer glasses: overaging under stress
can lead to accelerated segmental dynamics despite an increase in yield stress. This
finding challenges conventional understanding of the complex relationship between
macroscopic mechanical properties and molecular-level dynamics in polymers. It
offers new insights for predicting polymer behavior under stress and is expected to
contribute to the design of higher-performance polymers and optimization of

processing methods. This research marks a significant step in soft matter physics.
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Key Findings

Groundbreaking research into the behavior of polymer glasses has revealed a new
phenomenon: overaging under stress can increase the material's yield stress (the stress
required to initiate plastic deformation) while unexpectedly accelerating internal
segmental dynamics (localized motion of molecular chains). This seemingly contradictory
finding offers fresh insights into the relationship between the physical properties and

molecular motions of polymer materials.

Technical / Clinical Details

The study employed a technique called 'overaging with stress' on specific polymer glass
materials, involving aging under constant mechanical stress over time. Experimental
results clearly demonstrated that aging under stress significantly increased the material's
stiffness, strength, and notably, its yield stress. Simultaneously, however, techniques
probing molecular dynamics, such as dielectric relaxation spectroscopy and nuclear
magnetic resonance (NMR), revealed that the motion of molecular segments within the
material was faster compared to samples that underwent conventional aging without
stress. This suggests a complex mechanism where stress induces subtle changes in
molecular packing and free volume within the material, influencing both macroscopic
mechanical strength and microscopic molecular dynamics. Specifically, certain oriented

structures formed under stress may promote some molecular movements.

Background & Context

Polymer glasses are crucial materials used extensively, from everyday applications like
plastics, composites, and coatings to high-tech industries. Their mechanical properties
are highly dependent on temperature, time, and stress history. The aging phenomenon,
where polymers undergo structural changes and property alterations over time, is
essential for understanding long-term product reliability. The findings of this research
shed new light on fundamental questions of how stress influences a polymer's 'memory"
and 'structural reorganization.' This could have significant implications for the design,
processing, and lifetime prediction of polymer materials in high-reliability applications

such as aerospace, automotive, and medical devices.



Strategic Significance & Outlook

These research results suggest new directions for restructuring theoretical models of
physical aging in polymer glasses and for more accurately predicting material behavior
under stress. In the future, this knowledge could potentially be applied to design 'tailor-
made' polymer materials with specific mechanical properties and molecular dynamics.
For instance, it is expected to contribute to the development of stress-induced self-
healing polymers and to improve the accuracy of material lifetime predictions in
applications requiring long-term performance stability (e.g., structural materials). This
research deepens fundamental understanding in soft matter physics while also opening

important avenues for industrial applications.

Source: #
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#50 New Concept of 'Entanglement Mpemba Effect’ in
Statistical Mechanics Offers Novel Insights into
Thermodynamic Behavior of Quantum Systems

Published August 10, 2026  arXiv (cond-mat.stat-mech) International

| overview

A new concept, the 'Entanglement Mpemba Effect,' has been proposed in the field of
statistical mechanics. This research provides groundbreaking insights into the
thermodynamic behavior of quantum systems, particularly regarding thermalization
processes. The Mpemba effect describes faster cooling despite a higher initial
temperature; this study elucidates how quantum entanglement influences this
phenomenon. This theoretical advancement has the potential to guide the efficient

design of quantum heat engines, quantum computers, and other quantum devices.
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Key Findings

A novel theoretical phenomenon, termed the 'Entanglement Mpemba Effect,' has been
proposed in the field of statistical mechanics. This research offers unprecedented deep
insights into the thermodynamic behavior of quantum systems, specifically how
quantum entanglement influences the thermalization rate of a system. This discovery,
which can be seen as a quantum analogue of the classical Mpemba effect, explores the

intersection of fundamental thermodynamic laws and quantum information.

Technical / Clinical Details

The Mpemba effect is a classical phenomenon where, under certain conditions, a liquid
with a higher initial temperature freezes (or reaches thermal equilibrium) faster than a
liquid with a lower initial temperature. This study applies this concept to quantum
systems, theoretically investigating how the state of quantum entanglement affects the
thermalization dynamics of a system. Specifically, a model is presented demonstrating
that quantum many-body systems with different initial degrees of entanglement can
reach thermal equilibrium at different rates, even if they possess the same initial energy.
This effect is rooted in complex quantum dynamics determined by the system's
Hamiltonian, the quantum entanglement structure of the initial state, and the strength of
interaction with the thermal bath. Through simulations and theoretical analysis, it was
suggested that initial states with high entanglement might reach thermal equilibrium

faster under specific conditions.

Background & Context

Quantum thermodynamics is a crucial emerging field for the design and optimization of
quantum devices. For next-generation technologies like quantum computers, quantum
sensors, and quantum heat engines, the speed of thermalization and cooling in quantum
systems dictates their efficiency and performance. While conventional thermodynamics
posits that systems with higher initial temperatures take longer to reach thermal
equilibrium, the Mpemba effect presents an exception. This research suggests that a
purely quantum mechanical property, quantum entanglement, can influence
macroscopic thermal behavior, prompting a reconsideration of quantum system cooling
technologies and thermal management strategies. This is a significant advance at the

intersection of quantum information science and fundamental physics.



Strategic Significance & Outlook

The discovery of the 'Entanglement Mpemba Effect’ opens new research frontiers in the
field of quantum thermodynamics. This theoretical framework could be applied to
optimize thermalization processes in cooling systems for quantum annealing machines
and superconducting qubits. In the future, it is expected to contribute to the
development of techniques for more rapidly cooling systems to a desired temperature or
efficiently guiding them to a specific thermal equilibrium state by designing particular
initial quantum states. This will serve as crucial fundamental knowledge to accelerate the
practical application of quantum technologies and realize more efficient quantum

devices. Further experimental verification is eagerly anticipated.

Source: #
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#51 Onset of Transitional Flux-Avalanche Regime in
Bulk NbTi Superconductors Precisely Controlled by
Thermal Boundary Conductance

Published August 10, 2026  arXiv (cond-mat.stat-mech) International
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| overview

The onset of the transitional flux-avalanche regime in bulk NbTi (niobium-titanium)
superconductors has been found to be precisely controlled by thermal boundary
conductance. This research deepens the understanding of magnetic instabilities in
superconducting materials, which is crucial for improving performance and stability in
applications like high-field magnets and superconducting power lines. Unraveling this
control mechanism is a significant step towards practical deployment, as flux
avalanches threaten the safe operation of superconducting devices. This finding

contributes to enhancing the reliability of superconducting technology.
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Key Findings

In bulk NbTi (niobium-titanium) superconductors, the onset of the transitional flux-
avalanche regime—an instability characterized by rapid flux penetration—has been
experimentally and theoretically demonstrated to be precisely controlled by the thermal
boundary conductance between the material and its surrounding environment. This
discovery is critically important for understanding the magnetic stability of
superconducting materials, offering new guidelines for the design and safe operation of

superconducting devices.

Technical / Clinical Details

NbTi is widely used in various high-field superconducting applications, including MRI
machines, magnets for high-energy physics experiments, and fusion reactor coils.
However, under high current densities and magnetic fields, rapid flux penetration (flux
avalanche) can lead to partial resistive states, ultimately resulting in a quench (loss of
superconductivity). This study revealed that thermal boundary conductance—the
efficiency of heat transfer between the superconductor surface and the coolant (e.g.,
liquid helium)—plays a decisive role in determining the onset conditions of these flux
avalanches. When thermal boundary conductance is high, generated Joule heat is
efficiently transferred to the coolant, thereby suppressing the initiation of flux
avalanches. Conversely, low conductance leads to heat accumulation, making instabilities
more likely to occur at lower magnetic fields or currents. The research demonstrated that
by adjusting different surface treatments or cooling environments to vary thermal
boundary conductance, the threshold for flux avalanche onset shifts. This quantitative
understanding provides design guidelines for enhancing the operating limits of NbTi

superconductors.



Background & Context

Superconducting magnets are indispensable in many frontier areas of modern science
and technology, but their stability has always been a significant challenge. Thermal and
electromagnetic instabilities (of which flux avalanches are an example) occurring within
or on the surface of superconductors can limit device performance and sometimes cause
severe damage. Flux avalanches are a crucial design consideration, especially in large-
scale magnets and applications requiring high current densities. The findings of this
study emphasize the importance of integrating thermal management strategies into
superconductor design and provide specific methodologies for improving the reliability
of existing NbTi-based devices. This knowledge is critically important for large-scale
projects like the International Thermonuclear Experimental Reactor (ITER) and the design

of next-generation accelerators.

Strategic Significance & Outlook

Elucidating the mechanism of flux avalanche control by thermal boundary conductance
enables the development of more stable and reliable superconducting devices. This
knowledge will be directly applied in surface modification of superconducting magnets,
optimization of cooling system designs, and selection of operating parameters. In the
future, it is expected to lead to the exploration of thermal boundary effects on magnetic
instabilities in other superconducting materials (e.g.,, MgB2 and high-temperature
superconductors) and the development of more advanced thermal management
technologies (e.g., microchannel cooling). This will further broaden the application range
of superconducting technology, accelerating its societal implementation in various fields

such as energy, medicine, and transportation.
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#52 Unraveling the Impact of Weak Non-Conservative
Dynamics on Pattern Formation in Scalar Active Matter

Published August 07, 2026  arXiv (cond-mat.soft) International

| overview

Research has been published detailing how weak non-conservative dynamics affect
pattern formation in scalar active matter. This study deepens the fundamental
understanding of self-organization phenomena in soft matter physics, serving as a
key to unraveling the complex behaviors of active matter systems. By quantifying
subtle influences of non-conservative dynamics on pattern formation, it holds
potential for future application in the design principles of smart materials and micro-
robot swarms. This achievement marks a significant advance at the boundary of

physics and engineering.
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Key Findings

Researchers have thoroughly investigated and elucidated the subtle role of weak non-
conservative dynamics on pattern formation mechanisms within scalar active matter
systems. This study enhances our understanding of self-organization phenomena in non-
equilibrium systems and provides fundamental insights for more accurately predicting

and controlling the complex behaviors of active matter.

Technical / Clinical Details

Active matter refers to non-equilibrium systems where individual components
autonomously consume energy to move, examples of which include swarms of
microorganisms, cytoskeletons, and artificial micro-swimmers. These systems often form
fascinating collective patterns (e.g., flows, vortices, clusters). In this study, weak non-
conservative forces were introduced into a simple active matter model described by a
scalar field, in addition to conventional conservative interactions. Non-conservative
dynamics refer to processes involving energy dissipation or external energy supply. The
analysis revealed that these weak non-conservative forces subtly but definitively impact
the dynamics, stability, and ultimate structure of pattern formation throughout the
system. For instance, it was suggested that phase separation rates, domain size
distributions, or transition thresholds to specific patterns could significantly change with
slight variations in the non-conservative terms. This emphasizes the critical importance

of considering non-conservative elements in theoretical model construction.

Background & Context

The self-organization of active matter is crucial across a wide range of fields, from
biological processes (e.g., tissue formation, microbial motility) to the development of
new types of materials (e.g., autonomously functioning soft robots, smart fluids).
However, the behavior of these systems is extremely complex due to their non-
equilibrium nature, making it challenging to fully understand the underlying physical
laws. In particular, there were many unanswered questions about how non-conservative
dynamics, involving energy dissipation or generation, affect the overall patterns of these
systems. This research bridges this gap, deepening our fundamental understanding of

how microscopic interactions translate into macroscopic collective behavior.



Strategic Significance & Outlook

The findings of this research have significant implications for the design and control of
active matter systems. By understanding the influence of weak non-conservative
dynamics on pattern formation, researchers and engineers will be able to design more
predictable and functionally specific active matter materials and devices. For example,
there is potential to develop target delivery systems or micro-fabrication tools by self-
organizing microparticles into specific patterns. It is also expected to contribute to the
development of biomimetic materials that mimic the behavior of cells and
microorganisms. This fundamental research will be an important step towards realizing
autonomous micro-robot swarms that assemble and function collectively, and smart

materials that change shape and properties in response to environmental changes.
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#53 Lipid-Controlled Non-Monotonic Assembly and
Rheology of Egg Yolk Protein at Water-Soybean Oil
Interface Elucidated

Published August 07, 2026  arXiv (cond-mat.soft) International

| overview

Researchers have elucidated a mechanism where lipid content non-monotonically
controls the assembly behavior and rheological properties of egg yolk protein at the
water-soybean oil interface. This discovery is a significant step in deepening the
understanding of protein-lipid interactions in food science and interfacial active
materials. It provides new insights for achieving more precise control in improving
food texture, enhancing emulsion stability, or designing microcapsules for drug
delivery systems. This research paves the way for high-functionalization using

naturally derived materials.
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Key Findings

New research has elucidated the mechanism by which the assembly behavior and
concomitant rheological properties of egg yolk protein (EYP) at a water-soybean oil
interface are non-monotonically controlled by the amount of lipid present. This discovery
deepens our understanding of how complex protein-lipid interactions affect interfacial
properties and opens new avenues for designing functional materials in the food

industry and biomaterials sector.

Technical / Clinical Details

The study involved introducing egg yolk protein at the interface formed between an
aqueous phase and a soybean oil phase, then meticulously analyzing the protein's
adsorption behavior and interfacial rheology (viscoelasticity) upon adding varying
concentrations of lipids (primarily phospholipids). While conventional expectations might
suggest a monotonic change in protein assembly with increasing lipid concentration, this
research observed a non-monotonic behavior: at low lipid concentrations, protein
adsorption at the interface was promoted, forming aggregated structures, but beyond an
optimal concentration, lipids inhibited protein assembly, softening the interfacial layer.
This is attributed to lipids having a dual effect on protein unfolding and packing.
Specifically, a moderate amount of lipid aids protein unfolding at the interface, forming a
more robust network, whereas excessive lipids can disrupt protein-protein interactions
and disorder the interfacial layer. This mechanism was thoroughly characterized using
techniques such as interfacial tension measurements, interfacial shear rheology, and

Atomic Force Microscopy (AFM).

Background & Context

Egg yolk protein is widely utilized in the food processing industry due to its excellent
emulsifying, foaming, and gelling properties. Lipids are also indispensable components
for food flavor, texture, and stability. Protein-lipid interactions play a central role in a
wide range of applications, from the stability of emulsified foods like mayonnaise to
pharmaceutical microencapsulation and cosmetic stability. The findings of this research
suggest the possibility of optimizing the stability and functionality of these complex food
systems and bio-interfaces by precisely adjusting lipid concentrations. This will enable

food manufacturers to develop more stable products with desired textures.



Strategic Significance & Outlook

Understanding this non-monotonic control mechanism will be directly applicable to the
development of egg yolk protein-based food additives, emulsifiers, and stabilizers. For
example, it may become possible to precisely 'tune' the rheology of the protein film
formed at an interface for specific food applications by adjusting the amount of lipid
added. Furthermore, this insight may contribute to understanding other biological
systems involving lipid-protein interactions (e.g., cell membrane function, liposomal
formulations). In the future, it is expected to lead to the development of bio-based
interfacial active materials with more advanced functionalities, novel emulsion systems
with superior stability, and even efficient drug delivery systems and food preservation
technologies. This research provides a crucial foundation for maximizing the potential of

naturally derived components.
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#54 CuspAl Forms Al Materials Foundry Network with
45 Organizations Including Meta and Nvidia to Rapidly
Discover Functional Materials, Overcome Synthesis and
Manufacturing Challenges

Published August 12, 2026  Chemistry World UK

| overview

Computational chemistry firm CuspAl has established an 'Al Materials Foundry"
network with 45 organizations, including Meta and Nvidia, to accelerate the discovery
of new functional materials by combining Al with experimental validation. This
extensive collaboration aims to systematically overcome long-standing challenges in
synthesis, stability, and manufacturability for real-world applications. CuspAl's
approach dramatically shortens the materials development cycle by efficiently
identifying promising candidates from vast molecular spaces using Al, then validating
their performance through physical experiments. This initiative is expected to

accelerate innovation across diverse industrial sectors.
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Key Findings

CuspAl, a computational chemistry firm, has partnered with 45 leading organizations,
including Meta and Nvidia, to form the 'Al Materials Foundry' network. This collaborative
initiative leverages the power of Al combined with experimental validation to accelerate
the discovery of new functional materials. This extensive cooperation aims to
systematically overcome real-world challenges in material development, such as
synthesis, stability, and manufacturability, thereby addressing critical bottlenecks in

research and development.

Technical / Clinical Details

CuspAl's 'Al Materials Foundry' employs a hybrid approach that integrates Al-driven
molecular design with automated experimental platforms powered by robotics. Al
algorithms generate material candidates with specific desired functions (e.g., specific gas
adsorption, highly efficient photocatalysis, superior thermal conductivity) from billions of
possible molecular structures, based on physical laws, chemical constraints, and historical
experimental data. These candidates are initially evaluated through simulations, then
synthesized by automated systems in a physical lab, and their properties are
experimentally validated. This closed-loop process allows the Al to learn from
experimental results and iteratively improve subsequent material designs. Notably,
leveraging the massive computational resources provided by Meta and Al hardware from
Nvidia significantly enhances the processing power and learning efficiency of this

platform.



Background & Context

The discovery and development of new functional materials are essential for addressing
some of the most pressing challenges in modern society, spanning energy, environment,
healthcare, and electronics. However, traditional materials science research has
historically been a time-consuming, costly, and trial-and-error-prone process. The
evolution of Al offers the potential to fundamentally transform this materials discovery
process, leading research institutions and companies worldwide to focus on integrating
Al with materials informatics (MI). CuspAl's initiative presents a new paradigm for
materials science, where Al acts not just as a data analysis tool but also as a creative
designer and efficient experimental manager. The collaboration with major technology

companies underscores the high industrial interest and investment in this field.

Strategic Significance & Outlook

The 'Al Materials Foundry' network is expected to accelerate the development of more
complex functional materials and bespoke materials tailored to specific industrial needs.
Breakthroughs are particularly anticipated in areas with significant societal impact, such
as sustainable materials (e.g., CO2 capture materials, biodegradable plastic alternatives),
superconductors, and high-performance battery materials. The combination of Al and
experimentation offers shorter development cycles, cost reductions, and a more reliable
path to practical application. This network has the potential to form a global materials
science ecosystem, driving next-generation technological innovation through the rapid

sharing and application of research findings.

Source: https://www.chemistryworld.com/news/combining-ai-with-experiments-to-solve-real-world-

materials-problems/4024017.article

Collected: August 14, 2026 | Automated Research System (Gemini API)


https://www.chemistryworld.com/news/combining-ai-with-experiments-to-solve-real-world-materials-problems/4024017.article
https://www.chemistryworld.com/news/combining-ai-with-experiments-to-solve-real-world-materials-problems/4024017.article

#55 Penn Engineers Develop MRI-Compatible Soft

Robotic Microballoons to Observe Earliest Moments of
Stroke in Mice

Published August 13, 2026  University of Pennsylvania  USA

| overview

Engineers at the University of Pennsylvania, in collaboration with the University of
Maryland School of Medicine, have developed small, MRI-compatible elastic
microballoons for soft robotics applications. This innovative device allows for detailed,
real-time observation of the earliest stages of stroke in mice models. This
breakthrough provides new tools for elucidating stroke mechanisms and developing
more effective treatments, marking a significant advance in neuroscience research. It

represents a crucial step for medical applications of soft robotics technology.
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Key Findings

A collaborative team of engineers from the University of Pennsylvania and researchers
from the University of Maryland School of Medicine has developed small, MRI-
compatible elastic microballoons designed for soft robotics applications. This innovative
device enables the observation of the earliest moments of stroke in mouse models with
unprecedented detail, providing a critical tool for understanding stroke pathophysiology

and developing new therapeutic approaches.

Technical / Clinical Details

The developed microballoons are ultra-miniature, measuring only a few hundred
micrometers in diameter, and are crafted from highly flexible, biocompatible polymers.
These materials possess non-magnetic properties, allowing for their use in MRI
environments, enabling researchers to track changes in brain tissue after balloon-
induced ischemia (cessation of blood flow) through high-resolution imaging in real-time.
Specifically, it can visualize very early stroke dynamics, such as blood flow occlusion in
the brain's microvasculature, changes in oxygen levels, and the initiation of cellular-level
damage processes. Observing such detailed and non-invasive early changes was
challenging with conventional stroke models. This soft robotics technology provides a
new experimental platform for reproducing various types of stroke (e.g., ischemic,
hemorrhagic) and accurately evaluating subsequent tissue responses by manipulating

microballoons to temporarily occlude or apply pressure to blood vessels.

Background & Context

Stroke is a leading cause of death and severe disability globally, and its pathogenesis is
complex, making the development of effective treatments a long-standing challenge.
Understanding the pathophysiological changes during the earliest stages of stroke is
particularly crucial for optimizing therapeutic intervention timing and strategies. Soft
robotics, due to its flexibility and biocompatibility, is an emerging field that enables
delicate interactions with biological tissues that were difficult with traditional rigid
medical devices. This research represents an original approach to applying soft robotics
technology to stroke research, marking a significant advancement at the intersection of

neuroscience, biomedical engineering, and robotics.



Strategic Significance & Outlook

The introduction of this small, MRI-compatible elastic microballoon is set to
revolutionize fundamental stroke research, fostering a deeper understanding of disease
mechanisms. This will accelerate the evaluation and development of new therapeutic
strategies, including neuroprotective agents, thrombolytic drugs, or regenerative
medicine approaches. In the future, this technology also holds the potential to evolve
beyond mouse models to larger animal models and even human medical diagnostics
and therapeutics. For example, it might be applied in precise interventions during
endovascular surgery or targeted drug delivery to specific brain regions. The fusion of
soft robotics and MRI technology indicates a highly promising direction for shaping the

future of neurological disease diagnosis and treatment.

Source: https://www.engineering.upenn.edu/stories/how-a-soft-robotics-breakthrough-is-revealing-

strokes-earliest-moments/
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#56 Scientists Develop First Gold Metacrystal Capable
of Separating and Transporting Quantum States at
Room Temperature, Eliminating Cryogenic Needs for
Quantum Tech

Published August 08, 2026  ScienceDaily (referencing Nature) International
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| overview

Scientists have developed the first ultrathin 'metacrystal,’ a quantum material capable
of separating and transporting different quantum states of light at room temperature.
Composed of a gold film intricately engraved with hundreds of microstructures, this
material holds the potential to eliminate the need for expensive cryogenic
refrigeration systems in quantum technologies such as quantum computers, secure
communication systems, and advanced sensors. This breakthrough removes one of
the biggest barriers to the practical application of quantum technology, significantly
expanding its accessibility and contributing to its miniaturization and widespread

adoption.
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Key Findings

Scientists have developed the world's first 'metacrystal,' a quantum material capable of
efficiently separating and transporting different quantum states of light at room
temperature. This ultrathin, gold film-based material, precisely engraved with hundreds
of microstructures, holds the potential to fundamentally eliminate the need for expensive
and complex cryogenic cooling systems in next-generation quantum technologies such
as quantum computing, secure quantum communications, and advanced quantum

Sensors.

Technical / Clinical Details

The developed metacrystal consists of a gold film with nanoscale patterns (hundreds of
nanometers in scale) on its surface. This patterning is designed to precisely control the
quantum states of photons (quanta of light) as they pass through, such as their
polarization states or orbital angular momentum. Specifically, the metacrystal can
selectively transmit only photons in certain quantum states or separate them into
different paths. This function as a ‘quantum state separator and transporter' has been
confirmed to operate stably at room temperature. Traditional quantum devices required
near-absolute-zero cryogenic environments to prevent quantum state decoherence (loss
of quantum states), but this metacrystal possesses a revolutionary ability to maintain
quantum coherence at room temperature due to its unique structure. Gold is used due
to its chemical stability and plasmon resonance properties, which allow for efficient

control of light-photon interactions.



Background & Context

Quantum technology holds the potential to break the limits of conventional computing,
communications, and sensing, but one of the biggest challenges hindering its practical
application has been the 'necessity of cryogenic cooling.' Superconducting qubits and
some quantum sensors require large, expensive refrigerators to maintain extremely low
temperatures (on the order of milliKelvin) for their operation. This significantly increases
device size, cost, and power consumption, impeding widespread adoption. The
development of this metacrystal is a critical breakthrough that shatters this 'cooling
barrier,"” making quantum technology more accessible and practical. With room-
temperature operation, quantum devices could potentially be integrated into a wider
range of applications, including smartphones, automobiles, and general industrial

equipment.

Strategic Significance & Outlook

The discovery of this room-temperature quantum metacrystal will have a revolutionary
impact on the commercialization and proliferation of quantum technology. It paves the
way for miniaturizing quantum computer chips, making them available in data centers or
on personal desktops. It will also enable the construction of secure quantum-encrypted
communication networks more readily. Advanced quantum sensors will become
available for use in broader environments, bringing new capabilities to medical
diagnostics, environmental monitoring, and autonomous vehicles. Future research will
focus on further enhancing the precision and efficiency of quantum state control in
metacrystals and developing devices that can handle more complex quantum protocols.
This technology is poised to be a decisive step in expanding the quantum revolution to

general society.

Source: https://www.sciencedaily.com/releases/2026/08/260806050706.htm
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#57 Spatially Heterogeneous Relaxational Dynamics
and Recoverable Strain Evolution Uncovered in Ductile
Nanocolloidal Glasses Following Flow Cessation

Published August 10, 2026  arXiv (cond-mat.soft) International

| overview

Researchers have thoroughly elucidated the spatially heterogeneous relaxational
dynamics and the accompanying evolution of recoverable strain in ductile
nanocolloidal glasses following the cessation of flow. This discovery deepens the
understanding of rheology and structural dynamics in soft matter materials, providing
crucial insights for predicting material stability and mechanical response after
processing. This research is expected to contribute to the design of high-performance
colloid-based materials and the optimization of processing methods. It marks a

fundamental advance in soft matter physics.
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Key Findings

Researchers have meticulously elucidated the spatially heterogeneous relaxational
dynamics and the subsequent evolution of recoverable strain observed in ductile
nanocolloidal glasses after the cessation of shear flow. This groundbreaking discovery
offers unprecedented deep insights into how soft matter materials reconstruct their
internal structure and release mechanical energy once external perturbations (flow) are

removed.

Technical / Clinical Details

Ductile nanocolloidal glasses are materials composed of nanoscale particles dispersed in
a solvent, forming dense, glassy structures. These materials exhibit plastic deformation
(ductility) under certain shear stresses, but once the stress is removed, some recoverable
strain remains. This study combined rheological measurements with advanced imaging
techniques (e.g., confocal microscopy, X-ray photon correlation spectroscopy) to track
particle movements and structural changes within the colloidal glass in real-time after
flow cessation. The results revealed that the material does not relax uniformly; instead,
regions with spatially varying relaxation rates (spatial heterogeneity) exist. Notably, it was
shown that 'strain memory' induced by the flow history significantly influences the
magnitude of recoverable strain and its relaxation rate. This heterogeneity is believed to
originate from differing stress distributions and free volumes within the material. This
work microscopically unravels the dynamic process of how recoverable strain arises and

how it ‘fades away' over time.

Background & Context

Soft matter materials, particularly colloidal glasses, are used in a wide range of industrial
products, including paints, foods, cosmetics, and adhesives. The quality and performance
of these materials strongly depend on their manufacturing processes (shearing, mixing,
etc.) and subsequent stability (storage, transport). Understanding the rheological
behavior of materials after flow cessation (e.g., thixotropy and recovery) is critical for
optimizing product processability, stability, and ultimate functionality. The findings of
this research contribute to solving long-standing problems in the fundamental science of
soft matter, such as 'flow memory' and 'structural reorganization,' enabling the design of

more robust and predictable soft matter products.



Strategic Significance & Outlook

The insights gained from this research will be directly applicable to the design and
processing of ductile nanocolloidal glasses and other soft matter materials. Engineers will
be able to more accurately predict the recovery behavior of materials after flow cessation
and develop products with tailored mechanical stability for specific applications. For
example, it could contribute to the development of inks for 3D printing, high-
performance coatings, or composite materials with self-healing capabilities. In the future,
it is expected to lead to the development of 'smart colloidal materials' where the amount
of recoverable strain can be precisely controlled by external stimuli. This research
represents a significant advance bridging fundamental soft matter science and applied

engineering.

Source: #
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#58 Aggregation-Engineered Loss-Tolerant Strong
Coupling Achieved in Metallic Microcavities

Published August 10, 2026  arXiv (physics.optics, cond-mat.mtrl-sci)  International

Aggregation engineering enables
loss-tolerant strong coupling in
metal microcavities
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| overview

Researchers have achieved loss-tolerant strong coupling in metallic microcavities
through aggregation engineering. This groundbreaking accomplishment not only
provides new insights into the fundamental physics of light-matter interactions but
also holds significant implications for the development of novel optical devices. It is
expected to enhance performance in loss-sensitive applications such as energy-
efficient optical switches, ultrafast sensors, and quantum information processing
devices. This research marks a crucial advance at the intersection of optics and

materials science.
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Key Findings

In metallic microcavities, researchers have successfully achieved loss-tolerant strong
coupling by applying aggregation-engineered methods, overcoming the conventional
challenge of optical losses. This innovative approach enables a new level of control over
light-matter interactions and holds significant potential to impact the development of

next-generation optoelectronic devices.

Technical / Clinical Details

Strong coupling is a phenomenon where the interaction between light and matter (e.g.,
excitons, plasmons, molecules) is so intense that they combine to form new
quasiparticles (such as polaritons). This phenomenon is utilized to enhance the
performance and create new functionalities in optical devices. However, metallic
microcavities, despite their excellent light confinement capabilities, faced the challenge
that inherent metal losses (e.g., ohmic losses) degraded the efficiency of strong coupling.
This study introduced 'aggregation engineering' as a novel method to address this loss
issue. It involves precisely controlling the spatial arrangement and concentration of
photoactive substances (e.g., organic molecules, nanoparticles) placed within the cavity,
designing them to form specific aggregated states. These aggregates were shown not
only to optimize light-matter interactions but also to suppress energy dissipation
pathways, resulting in improved overall loss tolerance. Specifically, it was demonstrated
that designing particular molecular aggregates prolonged the lifetime of strong coupling
states, leading to the formation of more stable polaritons. This also enables strong
coupling at room temperature, making applications in quantum information and ultra-

fast optical communications more feasible.



Background & Context

Strong coupling of light and matter is a critical phenomenon for improving the
performance of lasers, LEDs, sensors, and quantum optical devices, which are
fundamental components of quantum computers. However, for cavities using metallic
nanostructures, losses due to inherent light absorption by the material have been a
major constraint. These losses degrade device efficiency and limit operating
temperatures. The results of this study present an innovative solution to this long-
standing problem, enabling new breakthroughs in the design of metal-based plasmonic
devices and metamaterials. This deepens the fundamental understanding of light-matter

interactions and opens avenues for practical device development.

Strategic Significance & Outlook

This aggregation-engineered approach for achieving loss-tolerant strong coupling will
revolutionize the development of next-generation optical switches, ultra-fast modulators,
highly sensitive sensors, and quantum information processing devices. Applications are
particularly anticipated in fields requiring low-loss, high-efficiency light-matter
interactions (e.g., biosensors, medical diagnostics, energy conversion). In the future,
further advancements in this technology are expected to lead to the development of
‘'smart optical devices' that can dynamically control the aggregation state of photoactive
substances from an external source, thereby adjusting strong coupling strength and
characteristics in real-time. This will further expand the application range of optical
technology, accelerating the societal implementation of more advanced functional

optical devices.

Source: #
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#59 Microscopic Derivation of Field Equation for Active
Brownian Particles Contributes to Modeling Self-
Organization and Transport Phenomena

Published August 12, 2026  arXiv (cond-mat.soft) International

| overview

Researchers have developed a microscopic derivation for the field equation governing
active Brownian particles. This achievement significantly contributes to modeling self-
organization and transport phenomena in active matter systems. It enhances the
ability to predict macroscopic pattern formation from individual particle behavior,
deepening theoretical understanding in biophysics and soft robotics. This provides a
fundamental tool for mimicking biological systems and designing new autonomous
materials. This research marks a significant advance in non-equilibrium statistical

mechanics.
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Key Findings

Researchers have successfully derived the field equation for active Brownian particles
(ABPs) rigorously from microscopic principles. This theoretical achievement provides a
foundation for more accurate and comprehensive descriptions of the complex self-
organizing patterns and transport phenomena exhibited by active matter systems. This
marks a significant advance in non-equilibrium statistical mechanics and soft matter

physics.

Technical / Clinical Details

Active Brownian particles are models of particles that possess a self-propelling force,
consuming energy autonomously in addition to undergoing Brownian motion. Examples
include microorganisms, cells, and artificial micro-swimmers. These particles, while
individually moving randomly, are known to exhibit macroscopic collective behaviors
such as fluid-like flows, aggregation, and pattern formation. While conventional ABP
modeling often relied on phenomenological approaches or coarse-grained descriptions,
this study started from microscopic Hamiltonians that consider individual particle
equations of motion and thermodynamic fluctuations. It then used statistical mechanical
methods (e.g., transforming the Fokker-Planck equation into a field equation) to derive
macroscopic field equations describing continuous density and velocity fields. This
derivation clarifies how particle interactions, the strength of self-propulsion, and thermal
fluctuations contribute to the final macroscopic patterns. Specifically, it enables more
accurate prediction of the effects of weak inter-particle interactions and wall interactions

on spatial density inhomogeneities and flow patterns.



Background & Context

Active matter systems are attracting attention across diverse fields such as biology (cell
motility, tissue formation, microbial ecology), physics (non-equilibrium phase transitions,
pattern formation), and engineering (autonomous micro-robots, smart fluids). These
systems exhibit unique behaviors not seen in ordinary thermal equilibrium systems due
to energy dissipation and self-propulsion. However, their non-equilibrium nature makes
it difficult to directly apply general statistical mechanics frameworks, necessitating the
construction of unified theoretical models that can comprehensively explain these
phenomena. The results of this research fill this theoretical gap, providing powerful
mathematical tools for understanding the fundamental physical properties of active

matter and predicting its behavior.

Strategic Significance & Outlook

The microscopic derivation of the field equation for active Brownian particles opens new
avenues for research into active matter systems. By applying this model, researchers and
engineers will be able to more effectively design active matter materials and devices with
specific functionalities. For example, it could contribute to optimizing control algorithms
for self-assembling micro-robot swarms, improving models for biological tissue growth,
or developing new types of fluid transport systems. Furthermore, this theoretical
framework is expected to be extended to different types of active matter (e.g., particles
with orientational order, particles with complex interactions), accelerating the
understanding and application of a wider variety of real-world active matter phenomena.

This lays important groundwork for soft robotics and biomimetic materials science.

Source: #
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#60 Concordia University Develops Self-Healing
Coating to Enhance Aircraft Engine Turbine Durability
and Efficiency

Published August 12, 2026  Concordia University News Canada

| overview

Researchers at Concordia University have developed a new self-healing coating
significantly improving the durability and efficiency of aircraft engine turbines. This
technology focuses on understanding and leveraging the self-repair capabilities of
protective oxide layers that form on engine component surfaces in high-temperature
environments. This breakthrough extends aircraft engine lifespan and improves fuel
efficiency, contributing to reduced operational costs and enhanced safety. It

represents a significant advancement in materials science for the aerospace industry.
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Key Findings

A research team at Concordia University has developed an innovative self-healing
coating with the potential to dramatically enhance the durability and efficiency of aircraft
engine turbines. This research focuses on deeply understanding and actively utilizing the
autonomous repair capabilities of protective oxide layers that naturally form on engine
component surfaces operating in extreme high-temperature environments. This
achievement significantly contributes to improving aircraft safety and reducing

operational costs.

Technical / Clinical Details

Aircraft engine turbine blades and other high-temperature components operate in
extreme environments reaching thousands of degrees, making them susceptible to
damage from oxidation, corrosion, and fatigue. While ceramic-based thermal barrier
coatings (TBCs) are typically applied to protect these parts, they also degrade over time.
Concordia University's research focuses on the inherent ability of specific metal alloys to
form protective oxide layers (scales) on or within these TBCs, which can autonomously
repair microscopic cracks. The study utilized advanced characterization techniques (e.g.,
scanning electron microscopy, X-ray diffraction, electrochemical impedance
spectroscopy) to analyze in detail how these oxide layers form at high temperatures and
how they re-adhere and regrow after damage to self-heal. Specifically, the research
quantitatively elucidated how this self-healing process is influenced by coating material
composition, microstructure, and operating temperature, establishing design guidelines
for optimal self-healing capability. This automatic repair of cracks significantly extends

component lifespan and reduces the risk of unexpected failures.



Background & Context

Aircraft engines are components demanding extreme performance and reliability, and
their lifespan and fuel efficiency directly impact airline operating costs. Component
replacement and maintenance are expensive, and the degradation of high-temperature
parts directly affects safety, making improved durability a long-standing challenge in the
aerospace industry. Self-healing materials are gaining attention as a promising approach
to address this challenge, capable of extending coating life and reducing maintenance
frequency, thereby cutting operational costs and enhancing flight safety. This research
holds the potential to dramatically improve the performance of existing TBCs,

significantly influencing aircraft engine design philosophy.

Strategic Significance & Outlook

This self-healing coating technology from Concordia University holds the potential to be
a game-changer in the aerospace industry. If commercialized, it would substantially
reduce aircraft engine maintenance costs and downtime, improving aircraft utilization
rates. Furthermore, longer-lasting, damage-tolerant engine components would enable
more efficient flights, contributing to reduced fuel consumption and CO2 emissions. In
the future, the scope of impact could expand further by applying this self-healing
mechanism to other industrial components operating in high-temperature environments
(e.g., gas turbines, power plant boiler parts). This research demonstrates that
advancements in materials science are foundational to supporting safe and sustainable

future air transport.

Source: https://www.concordia.ca/news/stories/2026/08/12/concordia-research-could-help-improve-

aircraft-engine-durability.html
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#61 ACS Langmuir Paper Reports Development of
Dynamic Disulfide Bond-Functionalized Self-Healing
Resin Coatings for Quartz Sand Surface Modification

Published August 14, 2026  ACS Publications - Langmuir  USA

| overview

This paper reports on the development of dynamic disulfide bond-functionalized self-
healing resin coatings for the surface modification of quartz sand. This innovative
coating aims to enhance the durability and safety of unconsolidated sandstone
reservoirs. By leveraging the reversible nature of disulfide bonds, the material gains
autonomous repair capabilities upon damage, contributing to extended lifespan and
sustained performance. This achievement marks a significant advance in the practical
application of self-healing materials in resource engineering and materials science,

particularly enhancing the safety and efficiency of energy resource development.
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Key Findings

This paper, published in ACS Langmuir, reports on the development of dynamic disulfide
bond-functionalized self-healing resin coatings for the surface modification of quartz
sand. This innovative coating aims to significantly improve the durability and safety of
unconsolidated sandstone reservoirs. By leveraging the dynamic and reversible nature of
disulfide bonds, the material is endowed with the ability to autonomously self-heal upon

damage, contributing to long-term performance maintenance and safety assurance.

Technical / Clinical Details

The developed self-healing resin coating incorporates multiple disulfide (S-S) bonds
within its polymer backbone. Since disulfide bonds have a dynamic property of cleaving
and reforming under heat or specific chemical stimuli, when physical damage (e.g.,
microcracks or abrasion) occurs to the material, these bonds reorganize to exhibit self-
healing functionality. This resin is designed to adhere strongly to the surface of quartz
sand particles, protecting them from damage due to friction and impact during sand
fluidization. Specifically, testing of coated sand particles in a simulated reservoir
environment showed higher mechanical strength and abrasion resistance compared to
uncoated sand particles, and performance was maintained even after repeated damage.
This is expected to mitigate the problem of 'sand production' in oil and gas fields—
where sand particles flow into production wells along with oil and gas, causing

equipment damage and reduced production.

Background & Context

Oil and gas production from unconsolidated sandstone reservoirs plays a critical role in
global energy supply, but sand production poses a severe operational challenge. Sand
ingress causes problems such as wear on pumps and pipelines, reservoir clogging, and
even loss of wellbore stability, leading to high maintenance costs and production
shutdowns. Current countermeasures include sand control screens and gravel packing,
but these are costly and have limitations in long-term effectiveness. Self-healing coated
sand offers a cost-effective and sustainable new solution to these challenges. This
technology has the potential to improve safety and efficiency, particularly in the

development of unconventional resources like shale gas and tight oil.



Strategic Significance & Outlook

This dynamic disulfide bond-functionalized self-healing resin coating is expected to be a
groundbreaking technology for fundamentally solving sand production problems in the
oil and gas industry. Its practical application will extend the lifespan of wellbore
equipment, reduce maintenance costs, and improve the efficiency and safety of energy
production. In the future, this self-healing technology could potentially be extended to
other geotechnical applications (e.g., ground reinforcement, tunnel construction,
infrastructure longevity). Furthermore, it is expected to lead to the development of even
more advanced self-healing materials utilizing other reversible bonds (e.g., hydrogen
bonds, ionic bonds) in addition to disulfide bonds. This research demonstrates a path for

functional materials to contribute to sustainable energy development.

Source: https://pubs.acs.org/langd5/article/doi/10.1021/acs.langmuir.6c03027/5255072/Dynamic-

Disulfide-Bond-Functionalized-Self-Healing
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#62 Surface-Wave-Driven Metasurfaces Generate
Custom Vector Light Fields, Contributing to Advanced
Optical Device Miniaturization

Published August 11,2026  Bioengineer.org International

| overview

Groundbreaking research reports that surface-wave-driven metasurfaces can
generate custom vector light fields. This technology holds promise for the
miniaturization of advanced optical devices, holography, and integrated photonics. It
offers the ability to arbitrarily control light polarization and intensity distribution,
which was challenging with conventional optical systems, potentially revolutionizing
next-generation optical communication, sensing, and display technologies. This marks

a significant breakthrough in the fields of optical engineering and nanophotonics.
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Key Findings

Researchers have successfully developed a novel technology that utilizes surface-wave-
driven metasurfaces to generate customized vector light fields. This innovative approach
enables arbitrary control over the polarization state and intensity distribution of light at
the nanoscale, marking a groundbreaking advance in the miniaturization of advanced

optical devices, high-functional holography, and integrated photonic systems.

Technical / Clinical Details

Metasurfaces are artificial nanostructure arrays with features smaller than the wavelength
of light, allowing for arbitrary manipulation of the phase, amplitude, and polarization of
incident light. This study adopted an ingenious method of exciting these metasurfaces
with surface waves (e.g., surface plasmon polaritons or guided modes). As the surface
waves propagate along the metasurface, their localized electromagnetic fields interact
with the meta-atoms (constituent elements of the metasurface), radiating custom vector
light fields with specific polarization states and intensity distributions into free space.
While conventional metasurfaces typically rely on free-space light incidence, surface-
wave-driven excitation enables more compact and efficient light conversion. It was
demonstrated that vector light fields with linear, circular, and even complex spatial
polarization patterns can be generated in the terahertz and optical frequency ranges
using a single, thin device. This also enables the efficient generation of special light fields

such as optical vortices and Bessel beams.

Background & Context

Vector light fields are expected to find applications in diverse fields, including high-
density optical communication, super-resolution imaging, optical manipulation (optical
tweezers), and quantum optics. However, generating these specialized light fields
typically requires complex combinations of multiple expensive optical elements
(waveplates, spatial light modulators), leading to challenges in system size and cost. The
advent of surface-wave-driven metasurfaces fundamentally addresses these issues,
enabling the miniaturization and integration of optical devices. This has the potential to
lead to widespread technological innovations, from smartphone cameras and optical
fiber communications to optical interconnects within data centers and future quantum

communication systems.



Strategic Significance & Outlook

This surface-wave-driven metasurface technology is extremely promising for the field of
integrated photonics. The ability to generate custom vector light fields on a chip scale
will promote the multifunctionality and miniaturization of optical circuits, accelerating
the realization of optical computing and on-chip quantum photonics. In the future,
adaptive systems are expected to evolve, allowing dynamic changes to the characteristics
of the generated vector light fields through external electrical or thermal control. This
could lead to new applications previously unimaginable, such as flexible displays,
wearable sensors, and even ultra-high-definition 3D holographic displays. This research
is a crucial step towards the ultimate material design that can freely manipulate the

properties of light.

Source: https://bioengineer.org/surface-wave-driven-metasurfaces-generate-custom-vector-light-fields/
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#63 MIT Physicists Observe Coexisting Electronic
Phases of Two Charge Density Waves in Erbium
Tritelluride, Offering New Insights for Quantum Device
Design

Published August 07, 2026  MIT News USA

| overview

Physicists at MIT have observed the real-time formation and rearrangement of novel
electronic phases where two distinct charge density waves coexist in erbium
tritelluride (ErTe3), a quantum material. This research is critically important for
understanding how complex electronic phases like superconductivity and magnetism
emerge and interact in quantum materials. This discovery holds potential to aid in the
design of high-performance quantum devices, particularly room-temperature
superconductors and new types of magnetic memory. This marks a significant

breakthrough in fundamental physics and quantum materials science.



| N DEPTH

Key Findings

A team of physicists at the Massachusetts Institute of Technology (MIT) has successfully
observed, in real-time, the complex electronic phases formed and rearranged by the
coexistence and interaction of two distinct charge density waves (CDWs) within the
crystal of erbium tritelluride (ErTe3), a quantum material. This groundbreaking discovery
deepens the understanding of the emergence mechanisms of many-body electronic
phases in quantum materials, such as superconductivity and magnetism, providing new

guidance for the design of future high-performance quantum devices.

Technical / Clinical Details

A charge density wave (CDW) is a state where the spatial charge distribution of electrons
is periodically modulated, simultaneously deforming the crystal lattice. ErTe3 is a type of
‘topological material' known for exhibiting multiple CDWs despite its relatively simple
structure. The MIT research team utilized a combination of ultra-high-resolution
scanning tunneling microscopy (STM) and angle-resolved photoemission spectroscopy
(ARPES) to directly observe the atomic-scale behavior of electrons on the surface of
ErTe3. This allowed for dynamically capturing how the two CDWs independently form, or
interact to maintain a coexistence state, and subsequently rearrange in response to
changes in temperature or external stimuli. Specifically, it was revealed that both CDWs
have different orientations and ‘compete’ or 'cooperate’ to determine the overall
electronic structure of the material. This detailed observation provides experimental
evidence for long-standing theoretical challenges regarding the electronic structure and

phase transition mechanisms of quantum materials.



Background & Context

Quantum materials exhibit unique physical phenomena not found in conventional
materials, such as superconductivity, colossal magnetoresistance, and topological
properties, and are anticipated as the foundation for next-generation technologies
(quantum computing, energy-efficient devices). The performance of these materials is
determined by a wide variety of electronic phases arising from complex electron
interactions. However, the question of how different electronic phases coexist and
interact has been one of the deepest unresolved challenges in quantum materials
science. CDWs, in particular, are known to be closely related to superconductivity and
magnetism, and understanding their behavior is believed to lead to the elucidation of
more advanced quantum phenomena, such as room-temperature superconductivity. This
research at MIT enables direct 'visualization' of such complex quantum phenomena,

bridging the gap between theory and experiment in materials design.

Strategic Significance & Outlook

The elucidation of the coexistence and dynamic behavior of two CDWs in ErTe3 is a
groundbreaking advance in quantum materials science and will directly impact the
design of future high-performance quantum devices. By applying this knowledge,
researchers and engineers may be able to intentionally control multiple electronic phases
to design, for example, room-temperature superconductors, more efficient spintronic
devices, or new types of magnetic memory elements. Furthermore, this research provides
a foundation for realizing 'phase transition engineering' where the electronic phases of
quantum materials can be dynamically switched by external stimuli (e.g., light, electric
fields, strain). This is expected to accelerate the practical application of quantum
technologies, bringing revolutionary changes to various fields such as information

processing, energy conversion, and sensor technology.

Source: https://news.mit.edu/2026/physicists-watch-materials-electrons-assemble-reassemble-coexisting-
phases-0807
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#64 SLAC Researchers Observe Copper's Surprising
Melting Behavior at Extreme Temperatures in Real-
Time via Electron Camera, Aiding Fusion-Resistant
Material Development

Published August 14, 2026  SLAC National Accelerator Laboratory ~ USA

| overview

Researchers at SLAC National Accelerator Laboratory have used an electron camera to
observe the melting behavior of copper atoms at extreme temperatures in real-time,
uncovering critical parameters governing the gradual degradation of the crystal
lattice. This groundbreaking discovery, combined with Al simulations, holds immense
potential to contribute to the development of new highly resistant materials for
fusion energy. It deepens fundamental understanding in materials science and marks
a crucial step toward realizing future clean energy technologies, representing a fusion

of high-energy physics and materials engineering.
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Key Findings

A team of researchers at SLAC National Accelerator Laboratory has successfully observed
the melting behavior of copper atoms in real-time under extremely high-temperature
environments using an electron camera. This study identified new crucial parameters that
govern the gradual degradation of the crystal lattice as it transitions to a liquid state.
This groundbreaking insight, combined with artificial intelligence (Al) simulations, holds
significant potential to contribute to the development of new highly resistant materials
capable of withstanding even more severe conditions, such as those required for fusion

energy reactors.

Technical / Clinical Details

This research leveraged the capabilities of SLAC's state-of-the-art Linac Coherent Light
Source (LCLS), combining ultra-short X-ray pulses with ultrafast electron cameras to
capture instantaneous temperature rises and subsequent atomic movements on a
picosecond scale. Copper samples were heated to thousands of degrees using powerful
lasers, and the subsequent melting process was directly observed as changes in crystal
structure. While traditional melting theories assumed a relatively uniform and rapid
collapse of the solid crystal lattice upon reaching a specific melting point, this real-time
observation revealed that copper's crystal lattice degrades gradually and in a non-
uniform pattern. Specifically, it was suggested that the amplitude of atomic vibrational
motion and the generation/propagation of defects on specific crystal planes are deeply
involved in the melting process. This detailed data on atomic-level dynamics will
dramatically improve the accuracy of Al-based material simulation models, enabling
more precise prediction of melting behavior and optimization of heat-resistant material

design.



Background & Context

Fusion energy is anticipated as a clean and virtually inexhaustible energy source, but its
realization faces a significant challenge: the durability of reactor wall materials directly
exposed to ultra-high-temperature plasma. These materials must withstand complex
stresses—including extreme heat loads, high-energy particle irradiation, and interaction
with hydrogen isotopes—that are difficult to address with existing materials science.
Copper, due to its high thermal conductivity, is considered a candidate material for heat
sinks and divertor components in fusion reactors, but there are still many challenges
regarding its long-term stability under extreme conditions. SLAC's research deepens the
fundamental understanding necessary to develop new materials capable of withstanding
such harsh environments, making an indispensable contribution to the progress of

fusion research.

Strategic Significance & Outlook

SLAC's research findings represent a critical milestone in the field of materials science
toward realizing fusion energy. Detailed data on copper's melting behavior obtained
through real-time atomic-level observation will dramatically improve the accuracy of
material simulations using Al and high-performance computing. This will enable
researchers to efficiently predict the properties of candidate materials with diverse
compositions and structures without needing to conduct extensive physical experiments.
In the future, this approach is expected to be applied not only to fusion reactors but also
to the development of high-performance materials operating in other extreme
environments, such as space development, hypersonic vehicles, and advanced
manufacturing processes. This demonstrates the immense potential of fundamental
materials science research to directly address global energy problems and advance

cutting-edge technologies.

Source: https://wwwé.slac.stanford.edu/news/2026-08-13-slac-researchers-uncover-coppers-surprising-

melting-behavior-extreme-temperatures
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#65 MIT Selected to Lead New NSF Materials Research
Center, Securing $18 Million Over 6 Years for Key
Research in Medical Imaging, Sustainable Production,
Semiconductors, and Magnetic Materials

Published August 12,2026  MIT News USA

| overview

MIT has been selected by the U.S. National Science Foundation (NSF) to lead a new
Materials Science and Engineering Research Center (MRSEC). The center will receive
$18 million over six years, focusing on research in medical imaging, sustainable metal
production, materials technologies for next-generation semiconductors, and a new
lab for magnetic materials testing. This significant funding reinforces MIT's leadership
in pioneering materials science frontiers and contributing to societal challenges,

poised to greatly enhance U.S. scientific and technological capabilities.
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Key Findings

The Massachusetts Institute of Technology (MIT) has been officially selected by the U.S.
National Science Foundation (NSF) to lead a new Materials Science and Engineering
Research Center (MRSEC). This center will receive a substantial grant totaling $18 million
(approximately 2.7 billion JPY) over the next six years, and will pursue diverse research
projects focused on medical imaging, sustainable metal production, advanced materials
technologies for next-generation semiconductors, and the establishment of an
innovative laboratory for magnetic materials testing. This selection reaffirms MIT's global

leadership in materials science research.

Technical / Clinical Details

This new MRSEC aims to integrate experts across multiple disciplines to achieve both
fundamental understanding and innovative applied development in materials science.

Specifically, the following key research areas have been established:

e Medical Imaging: Development of new probes, contrast agents, and sensor materials
to enable higher-resolution, non-invasive imaging. This will contribute to improving

the accuracy of early disease detection and treatment efficacy monitoring.

e Sustainable Metal Production: Research into resource-efficient, environmentally
friendly new metal refining processes and alloy design. This will support industrial

transformation toward a carbon-neutral society.

e Materials Technologies for Next-Generation Semiconductors: Exploration and
application of new materials (e.g., 2D materials, topological materials) to enable ultra-
low power, high-speed, and high-density semiconductor devices crucial for future

information technology such as Al chips and quantum computing.

¢ New Laboratory for Magnetic Materials Testing: A state-of-the-art facility for
evaluating the properties of advanced magnetic materials (e.g., spintronic materials,

rare earth-free magnets) and developing new magnetic devices.

These research efforts will integrate cutting-edge tools such as computational science,
nanotechnology, robotics, and Al, aiming to accelerate the entire cycle from material

design to synthesis and characterization.



Background & Context

The NSF's MRSEC program aims to promote excellence in materials science research in
the U.S. and generate scientific breakthroughs and technological innovations through
interdisciplinary approaches. MIT's selection to lead this major center is a testament to
its track record and its capacity to tackle complex scientific and engineering challenges.
Modern society faces numerous issues such as global warming, advancements in
healthcare, and limits in information technology, all of which critically require
fundamental progress in materials science. The establishment of this center is a strategic
investment for the U.S. to maintain global leadership in these fields and represents a

significant opportunity to strengthen collaboration between academia and industry.

Strategic Significance & Outlook

The MIT-led MRSEC is expected to generate groundbreaking discoveries and
technological innovations in each of the aforementioned research areas over the next six
years. In particular, advancements in medical diagnostic accuracy, the development of
sustainable industrial processes, and the provision of foundational materials for next-
generation information technology will have a profound impact on society as a whole.
Furthermore, the establishment of a new laboratory will contribute to nurturing young
researchers and developing future leaders in materials science. This program will
strengthen the innovation ecosystem that connects basic research to applied research
and ultimately to commercialization, contributing to the long-term economic growth

and international competitiveness of the U.S.

Source: https://news.mit.edu/2026/mit-to-lead-nsf-materials-research-center-0812
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