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#01
Flexible TEGs for
Wearables

Research
Review

●●○○
○

●●●○
○

●●●○
○

●●○○
○

●●●○
○

Review of flexible TEGs for autonomous
wearables, highlighting material and architecture
advancements.

#02
Self-Healing
Hydrogel 40MPa

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

●

Novel hydrogel achieves 40 MPa tensile strength
and 99%+ NIR-triggered self-healing for
protective gear.

#03
Elastic Self-Healing
Crystals

Research
●●●●

●
●●○○

○
●●●●

○
●●●●

○
●●●●

●

Protein-polymer crystals show 500% volume
expansion, retain crystallinity, and self-heal for
batteries/sensors.

#04
Perovskites for
Spintronics

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

●
Hybrid perovskites identified as "miracle material"
for spintronics with nanosecond spin lifetimes.

#05
Thermoelectric
Efficiency 15%

Industry
Report

●●●●
○

●●●○
○

●●●●
●

●●●○
○

●●●●
○

Thermoelectric material efficiency reaches 15%,
projected to compete with steam turbines for
waste heat recovery.

#06
Phononic
Metamaterial

Research
●●●●

○
●●○○

○
●●●○

○
●●●●

○
●●●●

●

ETH Zurich develops phononic metamaterial to
guide vibrations, enabling mechanical computing
and self-powered sensors.

#07
Self-Compensating
Sensor

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

○

CAS develops flexible sensor for simultaneous
gesture recognition and temperature perception
with self-compensation.

#08
Moiré 2D via Strain
Eng.

Research
●●●●

●
●●○○

○
●●●●

○
●●●●

●
●●●●

●

Cornell engineers moiré 2D materials via strain
engineering, enabling scalable quantum material
fabrication.

#09
DOE AI Material
Design

Corporat
e

Strategy

●●●●
○

●●○○
○

●●●●
●

●●●○
○

●●●●
●

DOE's 'Genesis Mission' uses AI to cut material
design time for batteries and energy systems
from years to months.

#10
Plant-Based Plastic
Alt.

New
Product

●●●○
○

●●●○
○

●●●●
○

●●○○
○

●●●●
●

American Elements unveils a plant-based plastic
alternative to reduce environmental impact
across industries.

#11
AI Rare-Earth-Free
Magnets

Research
Strategy

●●●●
○

●●○○
○

●●●●
●

●●●○
○

●●●●
●

Ames Lab pioneers AI-driven roadmap for
rare-earth-free permanent magnet design,
strengthening US supply chain.

#12
Corrosion Warning
Coating

Research
●●●●

○
●●●○

○
●●●●

○
●●●●

●
●●●●

●

Chitosan microspheres enable smart corrosion
warning coatings that visibly signal corrosion
within 30 seconds.
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#13
3D-Printable Yeast
Hydrogel

Research
●●●○

○
●●○○

○
●●●○

○
●●●○

○
●●●●

●

Chalmers University develops 3D-printable
yeast-based hydrogel to replace plaster and
plastic in architecture.

#14
Self-Healing Sealant
ORNL

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

○
●●●●

●

ORNL develops primer-less, self-healing sealant
for building envelopes with ≥20 lb./inch peel
strength.

#15 LLMs Catalyst Design Research
●●●●

●
●●○○

○
●●●●

○
●●●●

●
●●●●

●

CarbonCat-LLMs framework uses LLMs to
accelerate high-entropy electrocatalyst discovery,
achieving high predictive performance.

#16
Thermoelectrics Call
for Papers

Research
Overview

●○○○
○

●○○○
○

●●○○
○

●○○○
○

●●●○
○

Frontiers in Chemistry invites papers on
solid-state, ionic, and hybrid thermoelectrics for
energy conversion.

#17
Forge Nano ALD
Scaling

Corporat
e

Strategy

●●●○
○

●●●●
○

●●●●
○

●●●○
○

●●●●
●

Forge Nano scales advanced materials
manufacturing with Atomic Armor ALD
technology for next-gen
batteries/semiconductors.

#18
NIST Laser-Whisking
HEAs

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

○
●●●●

●

NIST pioneers laser-whisking technique for HEAs,
enhancing high-temperature performance and
enabling 3D printer reprogramming.

#19
AM for
Thermoelectric
Devices

Research
Review

●●●○
○

●●○○
○

●●●○
○

●●●●
●

●●●●
○

Additive manufacturing trends for thermoelectric
devices enable complex structures and enhanced
power density.

#20
Self-Healing Steel
Coating

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

●

Researchers develop dual-autonomous
self-healing steel coating with urea-modified silica
sol for long-term anti-corrosion.

#21
Quantum Sensing
Altermagnet

Research
●●●●

○
●○○○

○
●●●●

○
●●●●

●
●●●●

●

University at Buffalo proposes quantum sensing
system to identify altermagnetism for
energy-efficient spintronics.

#22
New Phase of Matter
Stabilized

Research
●●●●

●
●○○○

○
●●●●

○
●●●●

●
●●●●

●

Brown/U. Michigan stabilize new phase of matter
via stacked silver nanoparticles, unlocking
room-temp quantum tech.

#23
Metasurfaces Atom
Trapping

Research
Review

●●●●
○

●●○○
○

●●●●
○

●●○○
○

●●●●
●

Metasurfaces revolutionize neutral-atom trapping,
enabling scalable optical tweezer arrays and
multi-functional quantum systems.

#24
Metamaterials Med
Devices

Research
Overview

●○○○
○

●○○○
○

●●○○
○

●○○○
○

●●●○
○

Advanced Metamaterials journal invites papers on
medical device applications, revolutionizing tissue
engineering.

#25
AI Rare Earth
Monopoly

Research
Strategy

●●●●
○

●●○○
○

●●●●
●

●●●○
○

●●●●
●

Ames Lab explores AI to break rare earth magnet
monopoly, accelerating discovery of cost-effective
domestic magnets.

#26
AI Metasurface Light
Corr.

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

●

UC San Diego pioneers AI-designed metasurface
with deep learning for real-time distorted light
correction.

●●●●○ High ●●●○○ Med-High ●●○○○ Med ●○○○○ Low | Yellow highlight = featured article



Functional materials Weekly Intelligence Report | 2026-06-07 | Page 3

Three Questions That Demand Your Decision This Week

❶ Is your materials R&D; leveraging AI to its full potential?
The DOE's 'Genesis Mission' (#09) and 'CarbonCat-LLMs' (#15) demonstrate AI's power to slash material
design time from years to months. Are your teams integrating physics-aware AI, generative AI, and LLMs to
accelerate discovery and maintain a competitive edge, especially for critical components like catalysts and
magnets (#11, #25)?

❷ How exposed is your supply chain to critical material monopolies?
The push for rare-earth-free magnets (#11, #25) highlights geopolitical risks. Simultaneously, plant-based
plastic alternatives (#10) signal a shift in sustainable sourcing. Are you actively diversifying your material
inputs and investing in domestic or regional alternatives to mitigate future supply shocks?

❸ Are you prepared for the next generation of functional materials?
Breakthroughs in self-healing hydrogels (#02), protein-polymer crystals (#03), and smart corrosion coatings
(#12) promise unprecedented product longevity and performance. How will these impact your product
roadmaps, maintenance strategies, and competitive positioning in protective gear, construction, and energy
systems?

Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies

Opp. > Threat Both High

Low Impact Threat > Opp.

←
 O

pp
or

tu
ni

ty
 →

← Threat →

AI_MATQUANTUM

RE_FREE

SELF_HL SMART_CT

TE_GEN

SUSTAIN

Item Quadrant ↑ Opportunity ↓ Threat

● AI_MAT Critical Accelerate R&D; Competitor lead

● QUANTUM Critical Next-gen compute Tech obsolescence

● RE_FREE Critical Supply chain sec. Market disruption

● SELF_HL Opp. Product longevity New material stds

● SMART_CT Opp. Predictive maint. Competitor edge
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● TE_GEN Opp. Waste heat conv. Energy market shift

● SUSTAIN Ref. Green products Regulatory pressure
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Deep Dive ① ― Scalable Moiré 2D Materials via Strain Engineering
#08 | 2026/06/02 | Cornell Chronicle | Tech Novelty●●●●● Proximity●●○○○ Market Impact●●●●○ Data
Reliability●●●●● US/EU Relevance●●●●●

Cornell researchers have developed a novel method to create moiré patterns in 2D materials without
traditional stacking and twisting. Their approach uses patterned thin films to apply controlled strain,
generating moiré superlattices predictably and scalably.

This innovation offers a robust and scalable path for engineering quantum materials, making them
compatible with conventional semiconductor fabrication techniques, crucial for next-gen quantum computing
and advanced electronics.

▶ Strategic Analyst's Perspective

Strategic Analyst's Perspective: The ability to engineer moiré patterns scalably via strain is a
significant breakthrough, potentially realistic given the PNAS publication. A key technical barrier
is perfecting the strain control for diverse 2D materials and ensuring long-term stability in
device integration. [Opportunity] for US/EU semiconductor and quantum technology firms to
lead in scalable quantum material fabrication, develop new IP, and license this foundational
technology. [Threat] if Asian competitors rapidly adopt and industrialize this method, gaining a
significant lead in quantum device manufacturing. Next actions: [R&D;] immediately explore
strain engineering techniques for 2D materials; [IP/Legal] monitor patent landscape and
potential licensing opportunities; [Strategy] assess long-term impact on quantum computing
and advanced electronics roadmaps by Q4 2026.

Deep Dive ② ― Smart Corrosion Warning Coatings with Chitosan Microspheres
#12 | 2026/05/29 | European Coatings | Tech Novelty●●●●○ Proximity●●●○○ Market Impact●●●●○ Data
Reliability●●●●● US/EU Relevance●●●●●

Researchers developed a smart corrosion-warning coating for steel using chitosan microspheres
encapsulating phenolphthalein. This pH-responsive system visibly signals localized corrosion with a red color
change within 30 seconds.

The system combines reliable corrosion protection with intuitive visual warning capabilities, demonstrating
stable barrier performance in saline environments, offering a powerful tool for predictive maintenance in
critical infrastructure.
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▶ Strategic Analyst's Perspective

Strategic Analyst's Perspective: The rapid, visible corrosion warning within 30 seconds is highly
realistic and impactful, backed by publication in Progress in Organic Coatings. Technical
barriers include scaling up chitosan microsphere production, ensuring long-term stability and
adhesion in diverse real-world conditions, and cost-effectiveness compared to traditional
coatings. [Opportunity] for US/EU chemical and coatings companies to develop high-value,
differentiated products for infrastructure, marine, and industrial sectors, creating new revenue
streams in predictive maintenance services. [Threat] if Asian competitors commercialize similar
solutions first, capturing market share in smart coatings. Next actions: [R&D;] initiate pilot
projects for field testing within 6 months; [Business Dev] explore partnerships with
infrastructure and marine asset owners; [Procurement] evaluate sustainable sourcing for
chitosan by Q3 2026.
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Deep Dive ③ ― LLMs Revolutionize Catalyst Design with 'CarbonCat-LLMs'
#15 | 2026/06/04 | ACS Publications | Tech Novelty●●●●● Proximity●●○○○ Market Impact●●●●○ Data
Reliability●●●●● US/EU Relevance●●●●●

Researchers developed 'CarbonCat-LLMs,' a framework using large language models (LLMs) to accelerate the
rational design of carbon-supported high-entropy alloy (HEA) electrocatalysts for hydrogen evolution
reactions.

This AI-driven approach extracts and analyzes knowledge from extensive literature to prioritize compatible
multi-element HEA compositions, achieving state-of-the-art predictive performance, identifying
high-performing catalysts years before experimental discovery.

▶ Strategic Analyst's Perspective

Strategic Analyst's Perspective: The predictive power of CarbonCat-LLMs is highly realistic,
demonstrated by its ability to identify catalysts years in advance, as published in ACS
Publications. Key technical barriers include ensuring the quality and breadth of training data for
LLMs, validating AI-predicted catalysts experimentally, and integrating these AI tools
seamlessly into existing R&D; workflows. [Opportunity] for US/EU chemical, energy, and
materials companies to drastically cut R&D; cycles for new catalysts, gaining a significant IP
advantage in green hydrogen production and other chemical processes. [Threat] if competitors
develop superior AI frameworks or proprietary datasets, potentially dominating future catalyst
discovery and manufacturing. Next actions: [R&D;] establish dedicated teams to integrate
LLMs into catalyst design workflows immediately; [Strategy] invest in AI infrastructure and
data curation for materials science; [Legal/IP] develop strategies to secure IP generated by
AI-driven discovery within 12 months.

Other Notable Articles
Novel Composite Hydrogel Achieves Record-High 40 MPa Tensile Strength with 99%+ NIR-Triggered Self-Healing for Advanced Protective Gear (ACS
Publications)
TN●●●●○ P●●○○○ MI●●●●○

This hydrogel's unprecedented strength and rapid self-healing could revolutionize protective gear. Monitor for
applications.

Thermoelectric Material Efficiency Soars to 15%, Solid-State Power Poised to Compete with Steam Turbines (Micropower Global)
TN●●●●○ P●●●○○ MI●●●●●

15% efficiency makes thermoelectrics viable for large-scale waste heat recovery. Evaluate for industrial
energy savings.

DOE's 'Genesis Mission' Harnesses AI to Slash Material Design Time for Batteries and Energy Systems from Years to Months (Department of Energy)
TN●●●●○ P●●○○○ MI●●●●●

DOE's AI-driven materials design initiative is a game-changer. Assess your AI strategy for materials R&D.;

Forge Nano Scales Advanced Materials Manufacturing with Atomic Armor ALD Technology, Bridging Science and Commercial Production for Next-Gen
Batteries, Semiconductors, and Electronics (TipRanks.com)
TN●●●○○ P●●●●○ MI●●●●○

ALD scaling is critical for next-gen batteries and semiconductors. Evaluate Forge Nano's technology for your
supply chain.

UC San Diego Team Pioneers AI-Designed Metasurface with Deep Learning for Real-Time Distorted Light Correction, Enabling Sharper Imaging Across
Disciplines (UC San Diego)
TN●●●●○ P●●○○○ MI●●●●○



Functional materials Weekly Intelligence Report | 2026-06-07 | Page 8

AI-designed metasurfaces for real-time light correction will transform imaging in biology and astronomy.
Investigate for optical systems.
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Recommended Actions This Week

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

▍Immediate (this week)
• [Executive] Mandate a review of current AI integration in materials R&D;, focusing on generative AI
and LLMs for accelerated discovery.

• [Procurement] Conduct an urgent audit of rare earth element dependencies in critical product lines
and identify alternative material research efforts.

• [R&D;] Initiate a rapid literature scan on self-healing materials and advanced thermoelectrics to
identify immediate application opportunities.

▍Short-term (1 month)
• [R&D;] Formulate cross-functional teams to explore the feasibility of adopting AI-driven material
design frameworks (e.g., CarbonCat-LLMs) for specific product categories.

• [Business Dev] Engage with research institutions (e.g., ETH Zurich, Chalmers University) on phononic
metamaterials and bio-based hydrogels for potential pilot projects.

• [Strategy] Evaluate the competitive landscape for smart coatings and sensors, particularly for
predictive maintenance applications in infrastructure and industrial assets.

▍Medium-long term (quarter+)
• [Legal/IP] Develop a comprehensive IP strategy for AI-generated material designs and novel quantum
material structures, including patent filing and licensing considerations.

• [R&D;] Invest in scalable manufacturing technologies like Atomic Layer Deposition (ALD) and
advanced 3D printing for high-entropy alloys to secure future production capabilities.

• [Strategy] Develop long-term market entry and partnership strategies for next-generation quantum
technologies and sustainable material alternatives to mitigate future disruption.

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-06-07
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Flexible Thermoelectric Generators Usher in
Autonomous Wearable Health Monitoring and Thermal
Management

OVERVIEW

A comprehensive review highlights significant advancements in flexible thermoelectric

generators (f-TEGs) for wearable energy harvesting, positioning them as a key enabler

for autonomous health monitoring and personalized thermal management. The paper

details diverse flexible thermoelectric materials, including inorganic, organic, and
hybrid systems, and discusses various device architectures. While challenges remain in

developing stable n-type materials and scalable fabrication methods, the technology

shows immense potential for future application-oriented f-TEG platforms, reducing

reliance on conventional batteries.

Published June 02, 2026  Vertex AI Search (Microstructures)  Unknown



IN DEPTH

Key Findings

Recent research unequivocally demonstrates that flexible thermoelectric generators (f-
TEGs) are on the cusp of revolutionizing wearable energy harvesting, promising an era of
autonomous health monitoring and sophisticated personalized thermal management.
This detailed review consolidates advancements across various material systems and
device architectures, underscoring the potential for self-powered wearable electronics.

Technical / Clinical Details

Material Innovation: The review covers a spectrum of flexible thermoelectric
materials, including high-performance inorganic compounds like Bi2Te3
nanostructures, flexible and processable organic counterparts (e.g., conducting
polymers), and hybrid systems that combine the strengths of both. These materials
are engineered to maintain high thermoelectric performance even under mechanical
stress, crucial for wearable integration.

Device Architectures: Innovations in device design include fiber/yarn, thin-
film/ribbon, and porous/textile-like structures, each tailored for specific wearable
applications. For instance, fiber-based f-TEGs can be woven directly into smart
textiles, providing seamless integration.

Energy Harvesting Mechanism: f-TEGs convert waste heat, such as body heat, into
electrical energy, powering low-power sensors and medical devices without the need
for frequent battery recharges. This enables continuous, long-term operation of
wearables, enhancing user convenience and data collection capabilities.

Background & Context

The burgeoning market for wearable electronics and IoT devices has created an urgent
demand for sustainable and self-sufficient power sources. Traditional batteries present
limitations in terms of size, weight, and lifespan, which hinder the widespread adoption
of many advanced wearables. Thermoelectric technology, which converts thermal energy
directly into electrical energy, offers an elegant solution by harnessing ambient or body
heat, thereby extending device autonomy and reducing environmental impact.



Strategic Significance & Outlook

Despite the promising progress, the review identifies critical bottlenecks, notably the
scarcity of stable n-type flexible thermoelectric materials and the lack of scalable, cost-
effective fabrication techniques. Addressing these challenges is paramount for the
commercialization of f-TEGs. However, with ongoing research focusing on application-
oriented platforms, f-TEGs are poised to become integral to next-generation smart
textiles, health monitors, and even low-power autonomous robotics, fundamentally
changing how we power our personal technology and interact with our environment.
The projected impact on device longevity, user experience, and environmental
sustainability is substantial.

Source: https://www.oaepublish.com/articles/microstructures.2025.168

Collected: June 05, 2026 | Automated Research System (Gemini API)

https://www.oaepublish.com/articles/microstructures.2025.168


Novel Composite Hydrogel Achieves Record-High 40
MPa Tensile Strength with 99%+ NIR-Triggered Self-
Healing for Advanced Protective Gear

OVERVIEW

Researchers have developed a rapidly self-healing composite hydrogel exhibiting

exceptional impact resistance, achieving an ultrahigh tensile strength of 40 MPa,

toughness of 177 MJ m–3, and puncture resistance of 478 N. This breakthrough is

enabled by synergistically combining multiple noncovalent interactions within the
material's network. The hydrogel also demonstrates rapid NIR-triggered self-healing

efficiency exceeding 99% within 15 minutes, making it highly promising for advanced

protective applications like high-performance sportswear and next-generation

ballistic armor.

Published May 28, 2026  ACS Publications  USA



IN DEPTH

Key Findings

Scientists have engineered a groundbreaking composite hydrogel that simultaneously
delivers ultra-high mechanical strength and rapid, highly efficient self-healing
capabilities, surpassing previous material limitations. This novel material exhibits an
impressive tensile strength of 40 MPa, toughness of 177 MJ m–3, and outstanding
puncture resistance of 478 N. Crucially, it can self-heal defects with over 99% efficiency
within 15 minutes upon Near-Infrared (NIR) light exposure, paving the way for
revolutionary protective technologies.

Technical / Clinical Details

Synergistic Noncovalent Networks: The hydrogel's exceptional properties stem
from a meticulously designed architecture that leverages synergistic noncovalent
interactions, including hydrophobic associations, hydrogen bonds, and electrostatic
interactions. This multifaceted network allows for efficient energy dissipation under
stress while simultaneously promoting dynamic bond reformation at damaged sites.

Superior Mechanical Performance: With a tensile strength of 40 MPa, this hydrogel
significantly outperforms most reported synthetic and biological hydrogels, which
typically range from a few kPa to several MPa. Its toughness of 177 MJ m–3 indicates
a remarkable capacity to absorb energy before fracture, making it highly impact-
resistant. The 478 N puncture resistance further validates its robust protective
capabilities.

Rapid NIR-Triggered Self-Healing: The material's self-healing function is triggered
by NIR radiation, which selectively heats specific molecular segments, accelerating the
dynamic rearrangement and reformation of the noncovalent bonds. This non-contact,
rapid healing mechanism restores the material's mechanical integrity almost
completely (over 99% efficiency) in a mere 15 minutes.

Strain-Dependent Ionic Conductivity: The hydrogel also exhibits strain-dependent
ionic conductivity, which can be recovered upon NIR exposure. This feature opens
avenues for integrated sensing functionalities in protective devices.



Background & Context

Traditional self-healing materials often face a trade-off between mechanical strength and
healing efficiency. High-strength materials tend to be less dynamic and thus heal poorly,
while highly flexible, self-healing materials typically lack the robustness for demanding
applications. The need for materials that can withstand severe impacts and then
autonomously repair themselves is particularly acute in fields ranging from advanced
robotics and electronic skin to high-performance military and athletic protective gear.
This new hydrogel directly addresses this long-standing challenge by demonstrating an
unprecedented combination of properties.

Strategic Significance & Outlook

This breakthrough has profound implications for a wide array of high-performance
applications. Its ability to combine ultra-high strength, impact resistance, and rapid, on-
demand self-healing makes it an ideal candidate for next-generation ballistic armor,
protective coatings, and advanced sportswear that could drastically enhance user safety
and product longevity. Beyond protection, its integrated strain-sensing and NIR-
recoverable conductivity suggest utility in intelligent robotic systems and biomedical
devices. The scalable design principle of synergistic noncovalent networks also offers a
powerful new paradigm for the development of future functional materials with tailor-
made properties, promising a new era of robust and resilient technologies.

Source: https://pubs.acs.org/doi/10.1021/acsami.6c05429
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Chemists Engineer Highly Elastic, Self-Healing Protein-
Polymer Crystals that Expand 500% Volume, Promising
Next-Gen Batteries and Sensors

OVERVIEW

Scientists have created a novel material by chemically integrating protein crystals with

polymer hydrogels, resulting in highly elastic and self-healing crystals. This material

can expand to 180% of its original dimensions and over 500% of its volume while

retaining crystallinity and shape, then self-heal defects during expansion and
contraction. This breakthrough combines the structural order of crystals with the

flexibility and self-healing capabilities of polymers, offering significant potential for

applications in next-generation batteries, flexible sensors, and soft robotics.

Published May 29, 2026  Department of Energy  USA



IN DEPTH

Key Findings

Scientists have achieved a significant materials science breakthrough by chemically
integrating protein crystals with polymer hydrogels, resulting in a novel class of materials
that are both highly elastic and self-healing. This unprecedented hybrid material can
expand to 180% of its original dimensions and over 500% of its volume while remarkably
retaining its crystallinity and macroscopic shape. Furthermore, it possesses the intrinsic
ability to self-heal defects that emerge during these extreme expansion and contraction
cycles.

Technical / Clinical Details

Hybrid Material Design: The material is constructed by covalently linking ordered
protein crystals within a dynamic polymer hydrogel network. The protein crystals
provide structural integrity and specific functionalities, while the polymer hydrogel
imparts flexibility and the self-healing mechanism through reversible bonds (e.g.,
hydrogen bonds, dynamic covalent bonds).

Exceptional Mechanical Properties: The ability to stretch to 180% of its original
length and increase volume by over 500% is a remarkable feat for a crystalline
material, typically associated with rigidity. This elasticity is attributed to the flexible
polymer matrix accommodating the protein crystals while maintaining their internal
order.

Autonomous Self-Healing: When micro-cracks or other defects form due to
mechanical stress, the dynamic bonds within the polymer network can spontaneously
re-form across the damaged interfaces, effectively repairing the material without
external intervention. This self-repair capability significantly enhances the material's
durability and lifespan.

Retention of Crystallinity: Maintaining crystallinity during substantial deformation is
critical. Crystalline structures are responsible for many desirable physical properties,
such as optical or electronic functions. Preserving this order ensures that the
material's functional attributes are retained even under dynamic conditions.



Background & Context

For decades, materials scientists have sought to combine the ordered, functional
properties of crystalline solids with the flexibility and repair capabilities of polymeric soft
matter. The inherent rigidity of crystals and the malleability of polymers presented a
formidable challenge in creating such hybrid materials. This breakthrough provides a
novel strategy to bridge this gap, opening new avenues for designing advanced
functional materials.

Strategic Significance & Outlook

The unique combination of elasticity, crystallinity, and self-healing properties positions
this new material for a wide range of transformative applications. In energy storage, it
could lead to more robust and longer-lasting batteries by enabling electrode or
separator components that can tolerate volume changes during charge/discharge cycles.
For sensors, it offers the potential for highly sensitive, flexible, and durable devices that
can self-repair. Other promising areas include soft robotics, biomedical implants, and
even dynamic optical devices where structural integrity under strain is paramount. This
discovery not only advances fundamental materials science but also provides a powerful
platform for engineering sustainable, high-performance technologies for the future.

Source: https://www.energy.gov/science/bes/articles/highly-elastic-and-self-healing-protein-crystals
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University of Utah Identifies Organic-Inorganic Hybrid
Perovskites as a "Miracle Material" for Spintronics,
Boasting Nanosecond Spin Lifetimes

OVERVIEW

A University of Utah-led team has identified organic-inorganic hybrid perovskites as a

promising material for spintronics, exhibiting a surprisingly long spin lifetime up to

nanoseconds. Published in Nature Physics, this discovery is the first to demonstrate

such extended spin lifetimes in these materials, overcoming a major hurdle for
efficient data storage and manipulation. This breakthrough could enable

exponentially more data processing than traditional electronics and accelerate the

realization of spintronic devices.

Published May 29, 2026  Lab Manager  USA



IN DEPTH

Key Findings

A research team led by the University of Utah has identified organic-inorganic hybrid
perovskites as a "miracle material" for the burgeoning field of spintronics, a technology
that utilizes electron spin for data processing. This landmark study, published in Nature
Physics, marks the first demonstration of these perovskites possessing an exceptionally
long spin lifetime, extending up to nanoseconds—a critical parameter for stable
information storage and manipulation.

Technical / Clinical Details

Spintronics Fundamentals: Spintronics leverages the intrinsic angular momentum
(spin) of electrons, in addition to their charge, to encode and process information.
This promises devices with higher speed, lower power consumption, and greater data
density compared to conventional charge-based electronics.

The Spin Lifetime Challenge: A major bottleneck in spintronics development has
been identifying materials capable of maintaining electron spin coherence for
sufficiently long durations, especially at room temperature. Long spin lifetimes are
essential for reliable information propagation and operation within spintronic devices.

Perovskite Breakthrough: The study experimentally confirmed that organic-
inorganic hybrid perovskites exhibit spin lifetimes in the nanosecond range at room
temperature. This prolonged spin coherence is attributed to the material's unique
crystal and electronic band structures, which effectively suppress spin-scattering
mechanisms.

Quantum Property Exploitation: The material's ability to maintain a stable spin state
for an extended period positions it as a robust platform for developing spin-based
memory, logic gates, and other quantum information processing components.



Background & Context

As traditional silicon-based electronics approach their physical limits imposed by
Moore's Law, the quest for alternative computing paradigms has intensified. Spintronics
offers a compelling path forward by tapping into a fundamental quantum property of
electrons. However, the lack of suitable materials with sufficiently long spin lifetimes at
ambient conditions has historically hampered its progression. The discovery of these
perovskites as highly efficient spin conductors represents a significant advancement in
overcoming this fundamental material science challenge.

Strategic Significance & Outlook

This "miracle material" discovery is poised to dramatically accelerate research and
development in spintronics, with far-reaching implications:

Next-Generation Memory: Materials with long spin lifetimes are crucial for non-
volatile magnetic random-access memory (MRAM), which combines the speed of
SRAM with the non-volatility of flash memory, potentially replacing conventional
memory technologies.

Quantum Computing: Stable and controllable spin states are the bedrock of
quantum bits (qubits). This finding could contribute to the development of more
robust qubits, advancing the field of quantum computing.

High-Performance Processors: Spin-based logic devices could offer significantly
higher processing speeds and energy efficiency than current semiconductor
processors, enabling new frontiers in computing power.

The research redefines the potential of hybrid perovskites and establishes a new
direction for materials engineering in quantum and information technologies. This is a
critical step towards unlocking computing capabilities that were previously considered
aspirational, fostering intense interdisciplinary collaboration in materials science, physics,
and computer engineering.

Source: https://www.labmanager.com/study-discovers-a-miracle-material-for-field-of-spintronics-7244
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Thermoelectric Material Efficiency Soars to 15%, Solid-
State Power Poised to Compete with Steam Turbines

OVERVIEW

Thermoelectric materials are experiencing a renaissance, with conversion efficiencies

jumping from 5-8% to 12-15% due to material science breakthroughs. Leading

researchers project zT values of 2.0-2.5 within 5-10 years, which would make

thermoelectrics cost-competitive with steam turbines. Industrial pilot deployments of

waste heat recovery systems are already underway, demonstrating 5-8 year payback

periods and signaling a maturing supply chain with declining costs.

Published June 04, 2026  Micropower Global  Unknown



IN DEPTH

Key Findings

Thermoelectric materials are undergoing a significant "renaissance," driven by escalating
energy costs, stringent decarbonization mandates, and profound material science
breakthroughs. This surge in innovation has propelled conversion efficiencies from a
modest 5-8% to an impressive 12-15%. Leading materials researchers now confidently
project that thermoelectric figure of merit (zT) values will reach 2.0-2.5 within the next 5-
10 years, a performance threshold that would render thermoelectric power generation
cost-competitive with traditional steam turbines.

Technical / Clinical Details

Efficiency Gains: The dramatic improvement in thermoelectric conversion efficiency
is a result of advanced material synthesis techniques, sophisticated nanostructuring
approaches, and optimized device architectures. These innovations enhance the
Seebeck coefficient while simultaneously reducing thermal conductivity and
maintaining high electrical conductivity, thus maximizing the overall thermoelectric
performance.

zT Value Benchmark: The zT value is a dimensionless figure of merit that quantifies
the efficiency of a thermoelectric material. Achieving zT values of 2.0-2.5 represents a
paradigm shift, indicating that a substantial portion of waste heat can be effectively
converted into usable electricity. This level of performance makes the technology
economically viable for a much wider range of applications than previously possible.

Waste Heat Recovery: Thermoelectric devices are uniquely suited for converting
waste heat from industrial processes, automotive exhaust, data centers, and other
sources directly into electrical power. This capability offers a pathway to significant
energy savings and reduced carbon emissions, aligning with global sustainability
goals.



Background & Context

For decades, thermoelectric technology has been recognized for its solid-state reliability
and environmental friendliness, lacking moving parts and requiring minimal
maintenance. However, its low conversion efficiency and high material costs limited
widespread adoption. The current renaissance is fueled by a confluence of factors:
urgent global energy security concerns, the imperative to reduce carbon footprints, and
fundamental scientific advances that have overcome previous material limitations.
Governments and industries are increasingly investing in technologies that can harness
untapped energy sources, positioning thermoelectrics at the forefront of this transition.

Strategic Significance & Outlook

The industrial sector is already initiating pilot deployments of thermoelectric waste heat
recovery systems, with promising payback periods estimated at 5-8 years. This rapid
commercial adoption signals a maturing supply chain, characterized by improved
manufacturing processes and decreasing costs. The technology is poised for broad
deployment in diverse sectors, including automotive (exhaust heat recovery), industrial
plants (process heat recovery), data centers (smart cooling and power generation), and
even distributed power generation. As performance continues to climb and costs decline,
solid-state thermoelectric power is set to become an indispensable component of future
energy infrastructures, offering a clean, reliable, and increasingly economical solution for
sustainable power generation.

Source: https://micropower-global.com/news/thermoelectric-renaissance
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ETH Zurich Researchers Develop Phononic
Metamaterial Guiding Vibrations Along Predefined
Paths, Enabling Mechanical Computing and Self-
Powered Sensors

OVERVIEW

Researchers at ETH Zurich have developed a novel phononic metamaterial, fabricated

on wafer-thin silicon membranes, capable of precisely controlling mechanical waves

such as vibrations or acoustic signals. This design principle allows vibrations to follow

predetermined paths, opening possibilities for harvesting energy from vibrations or

mechanically processing signals without electricity. The technology, validated through

real-time optical measurements, is highly relevant for next-generation sensors and

mechanical computers.

Published May 28, 2026  ETH Zurich  Switzerland



IN DEPTH

Key Findings

Researchers at ETH Zurich have developed a groundbreaking phononic metamaterial,
fabricated on wafer-thin silicon membranes, which enables unprecedented precision
control over mechanical waves like vibrations and acoustic signals. This novel design
principle allows these vibrations to follow meticulously predetermined paths, unlocking
new possibilities for harvesting energy from vibrations or mechanically processing
signals without the need for electricity. The technology's efficacy has been rigorously
confirmed through real-time optical measurements of vibration propagation.

Technical / Clinical Details

Metamaterial Structure: The phononic metamaterial is engineered with periodic
microstructures on silicon membranes. These carefully designed patterns allow
researchers to manipulate the propagation of sound waves and vibrations in ways
impossible with conventional materials, effectively creating a "mechanical circuit
board."

Precision Waveguiding: The team demonstrated that mechanical waves can be
guided along specific, designed pathways, even around corners and through intricate
patterns, at sub-wavelength scales. This offers precise control over the direction and
localization of vibrational energy.

Energy Harvesting Applications: By channeling vibrations along predefined paths,
the metamaterial could enable more efficient capture and conversion of ambient
mechanical energy into electrical power, leading to self-powered sensor networks or
low-power autonomous devices.

Mechanical Signal Processing: The ability to control mechanical waves without
electrical conversion opens the door to mechanical computers. These devices could
process information using vibrations, offering potential advantages in harsh
electromagnetic environments or for ultra-low-power applications.

Real-time Validation: The functionality and precision of the metamaterial were
verified using advanced optical measurement techniques, which allowed for real-time
visualization of vibration propagation and control, providing robust evidence of the
technology's capabilities.



Background & Context

The field of metamaterials aims to engineer materials with properties not found in
nature, by structuring them at scales smaller than the wavelength of the phenomena
they interact with. While electromagnetic and optical metamaterials have seen
considerable progress, phononic metamaterials, which control sound and vibrations, are
an emerging frontier. This work addresses a fundamental challenge in wave physics by
offering precise, tunable control over mechanical energy flow, which has broad
implications for acoustic, thermal, and mechanical engineering.

Strategic Significance & Outlook

This research from ETH Zurich represents a pivotal advancement with significant
implications for future technological development. For sensors, it could lead to highly
sensitive and robust devices that detect specific vibrational signatures. In energy
harvesting, it offers a pathway to more efficient and pervasive self-powered systems.
Perhaps most intriguingly, the ability to mechanically process signals could pave the way
for entirely new paradigms in computing, particularly for applications requiring extreme
energy efficiency or resilience to electromagnetic interference. The integration of this
technology into compact, portable quantum systems, as suggested by related research
(Article 24, Search 1), further underscores its transformative potential across various
high-tech sectors.

Source: https://ethz.ch/en/news-and-events/eth-news/news/2026/05/new-metamaterial-guides-
vibrations-along-predefined-paths.html
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Chinese Academy of Sciences Develops Self-
Compensating Flexible Sensor for Simultaneous
Gesture Recognition and Temperature Perception,
Revolutionizing Wearable Tech

OVERVIEW

Researchers from the Chinese Academy of Sciences have developed a flexible, dual-

function, self-compensating sensor for simultaneous gesture recognition and

temperature perception, addressing key challenges in wearable electronics. Published

in Advanced Functional Materials, the sensor utilizes a single Bi2Te3/polyimide film

that exploits both thermoelectric and piezoresistive effects for effective signal

decoupling and temperature drift compensation. This innovation provides a simplified

and highly integrated solution for multifunctional sensing applications.

Published June 04, 2026  Chinese Academy of Sciences  China



IN DEPTH

Key Findings

Researchers at the Chinese Academy of Sciences have developed a pioneering flexible
sensor that simultaneously performs gesture recognition and temperature perception
with integrated self-compensation capabilities. This dual-functionality sensor represents
a significant advancement for wearable electronics, intelligent robotics, and electronic
skin applications, overcoming challenges related to signal crosstalk and temperature-
induced inaccuracies. Published in Advanced Functional Materials, the device employs a
single Bi2Te3/polyimide film that strategically harnesses both thermoelectric and
piezoresistive effects for efficient signal decoupling and intrinsic temperature drift
compensation.

Technical / Clinical Details

Dual-Functionality: The sensor is designed to detect mechanical strain (for gesture
recognition) and thermal variations (for temperature perception) concurrently from a
single device. This eliminates the need for separate sensors or complex post-
processing to disentangle signals.

Bi2Te3/Polyimide Film: The core of the sensor is a composite film of bismuth
telluride (Bi2Te3) and polyimide (PI). Bi2Te3 is a well-known thermoelectric material,
generating voltage in response to temperature gradients (Seebeck effect). Polyimide
provides mechanical flexibility and durability, while its embedded structures enable
piezoresistive sensing, where electrical resistance changes with mechanical
deformation.

Self-Compensation Mechanism: A critical innovation is the self-compensation for
temperature drift. Temperature fluctuations can significantly alter the readings of
piezoresistive sensors. By integrating the thermoelectric effect, the sensor can
measure and actively compensate for these temperature-induced changes in real-
time, ensuring highly accurate and stable gesture recognition regardless of ambient
temperature.

Efficient Signal Decoupling: The distinct physical origins of the thermoelectric
(temperature-dependent) and piezoresistive (strain-dependent) signals allow for their
effective separation and processing. This synergistic integration within a single
material simplifies device architecture and enhances overall performance.



Background & Context

The growing demand for advanced wearable devices and highly interactive robotics
necessitates sensors that are not only flexible and compact but also capable of
discerning multiple environmental stimuli accurately. Conventional approaches often
involve combining multiple discrete sensors, leading to bulkier designs, increased power
consumption, and challenges in managing signal interference. The development of a
single, integrated, and self-compensating sensor is a crucial step forward in addressing
these limitations and pushing the boundaries of human-machine interfaces.

Strategic Significance & Outlook

This innovative self-compensating flexible sensor has transformative potential across
several high-growth sectors. In wearable electronics, it could lead to more intuitive and
reliable smartwatches, fitness trackers, and health monitoring devices, offering enhanced
user interaction and precise physiological data collection. For intelligent robotics, it
provides a crucial component for advanced electronic skin, enabling robots to perceive
their environment and interact with objects with greater dexterity and sensitivity. The
simplified design and high integration capabilities of this solution promise to accelerate
the development of next-generation multifunctional sensing platforms, making
advanced human-computer interaction and smart autonomous systems more accessible
and robust across industrial and consumer applications.

Source: https://english.cas.cn/newsroom/research-news/202606/t20260603_1161046.shtml
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Cornell Researchers Engineer Moiré 2D Materials via
Strain Engineering, Bypassing Stacking and Twisting for
Scalable Quantum Material Fabrication

OVERVIEW

Cornell researchers have developed a novel method to create moiré patterns in 2D

materials, which imbue them with unusual quantum behaviors, without the traditional

twisting and stacking. Published in the Proceedings of the National Academy of

Sciences, their approach uses patterned thin films to apply controlled strain to layers
of molybdenum disulfide, generating moiré superlattices predictably and scalably.

This innovation offers a more robust and scalable path for engineering quantum

materials using conventional semiconductor fabrication techniques.

Published June 02, 2026  Cornell Chronicle  USA



IN DEPTH

Key Findings

Researchers at Cornell University have pioneered a novel method for creating moiré
patterns in 2D materials without resorting to the conventional, often challenging,
techniques of stacking and twisting. This breakthrough, published in the Proceedings of
the National Academy of Sciences, enables the predictable and scalable generation of
moiré superlattices by applying controlled strain to layers of molybdenum disulfide
(MoS2) via patterned thin films. This innovation fundamentally transforms the approach
to engineering quantum materials, making them more accessible for practical
applications through standard semiconductor fabrication processes.

Technical / Clinical Details

Moiré Superlattices and Quantum Phenomena: Moiré superlattices are emergent
periodic structures formed when two crystalline layers with slightly different lattice
constants or rotational orientations are overlaid. These superlattices give rise to
extraordinary quantum behaviors, including unconventional superconductivity,
strongly correlated electron physics, and novel optical properties.

Limitations of Traditional Methods: Previous methods for creating moiré patterns,
such as precisely stacking and twisting 2D material layers (twistronics), are notoriously
difficult to control at the nanoscale. Achieving uniform twist angles and high-quality
interfaces over macroscopic areas has been a significant hurdle, limiting
reproducibility and scalability.

Strain-Induced Moiré: The Cornell team's approach involves fabricating patterned
thin films on a substrate. When a monolayer of MoS2 is transferred onto this
patterned substrate, it conforms to the topography, inducing precise, periodic strain
fields within the MoS2. This strain acts as a template to create the desired moiré
superlattice without physical stacking or twisting of independent layers.

Predictability and Scalability: This "strain engineering" method allows for precise
control over the moiré pattern's periodicity, symmetry, and resulting electronic
properties, enabling a more deterministic design of quantum materials. Its
compatibility with established semiconductor fabrication techniques means it can be
scaled up for industrial production, a critical advantage over current methods.



Background & Context

Moiré physics in 2D materials has captivated condensed matter physicists and materials
scientists due to its potential to unlock novel quantum states of matter and revolutionize
quantum device design. However, the experimental challenges in creating and
manipulating these delicate structures have largely confined research to laboratory
settings. A scalable and robust fabrication method has been a long-sought goal to
bridge the gap between fundamental discovery and technological realization.

Strategic Significance & Outlook

This innovative strain-engineering technique offers a robust and highly scalable pathway
for developing quantum materials with tailored properties. Its compatibility with
conventional semiconductor fabrication processes has profound implications for the
commercialization of quantum technologies. Potential applications include:

Quantum Computing and Information: Engineering new platforms for qubits and
quantum memory with enhanced coherence and control.

Next-Generation Electronics: Developing ultra-low-power electronic devices,
including topological insulators and unconventional superconductors.

Advanced Sensors: Creating highly sensitive sensors that exploit moiré-induced
quantum phenomena for detecting subtle environmental changes.

By simplifying the manufacturing process and improving the predictability of quantum
material properties, this research accelerates the transition of moiré 2D materials from a
scientific curiosity to a foundational technology, poised to redefine future electronics,
energy, and sensing systems.

Source: https://news.cornell.edu/stories/2026/06/researchers-make-moire-2d-materials-without-stacking-
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DOE's 'Genesis Mission' Harnesses AI to Slash Material
Design Time for Batteries and Energy Systems from
Years to Months

OVERVIEW

The U.S. Department of Energy (DOE) is spearheading the 'Genesis Mission' to

accelerate materials innovation through AI, aiming to reduce time-to-market for

critical technologies like batteries and energy systems from years to months. This

initiative integrates physics-aware AI frameworks, including foundation models, deep
learning, and generative AI, to transition from trial-and-error to rapid, predictable

material design. Leveraging world-leading experimental and computational

capabilities, DOE is enhancing its inverse design capabilities, enabling materials to be

engineered for specific property specifications.

Published May 29, 2026  Department of Energy  USA



IN DEPTH

Key Findings

The U.S. Department of Energy (DOE) is championing a transformative initiative, the
'Genesis Mission,' which underscores the pivotal role of Artificial Intelligence (AI) in
accelerating materials innovation. This program aims to fundamentally shift materials
design from a protracted, trial-and-error process to a rapid, predictable paradigm. By
integrating physics-aware AI frameworks—including foundation models, deep learning,
computer vision, generative AI, and agentic AI—the DOE expects to significantly reduce
the time-to-market for critical technologies, such as advanced batteries and energy
systems, from years to mere months.

Technical / Clinical Details

AI-Driven Material Design Cycle: The Genesis Mission seeks to integrate AI across
the entire materials discovery and development lifecycle. This involves AI-guided data
analysis, material candidate generation, process optimization, and performance
prediction.

Physics-Aware AI: A key aspect is the development of AI models that are informed
by fundamental physical laws and chemical principles. This ensures that the AI-
proposed materials are not only novel but also physically realistic and possess the
desired functional properties, enhancing prediction accuracy and reliability.

Diverse AI Frameworks: The initiative employs a suite of advanced AI technologies:

Foundation Models: Extracting general material knowledge from vast datasets,
applicable to various design tasks.

Deep Learning: Analyzing complex relationships between material microstructure
and macroscopic properties.

Computer Vision: Automating the identification of material defects and structural
features from experimental images and simulations.

Generative AI: Autonomously proposing novel material compositions and
structures tailored for specific functionalities.

Agentic AI: Designing and executing autonomous experiments for material
synthesis and characterization, accelerating the learning feedback loop.



Inverse Design: The program emphasizes inverse design, where AI is used to identify
materials that possess a set of predefined target properties, rather than characterizing
existing materials. This is a crucial shift for demand-driven innovation.

Background & Context

The imperative for new, high-performance materials is driven by global challenges in
climate change, energy security, and the rapid pace of digital transformation. Traditional
materials research and development, often spanning decades, struggles to meet these
urgent demands. The convergence of advanced AI and high-performance computing
offers an unprecedented opportunity to accelerate this process, potentially
revolutionizing industries from energy and transportation to electronics and healthcare.
The DOE aims to leverage this technological advantage to bolster U.S. competitiveness
and expand its energy frontiers.

Strategic Significance & Outlook

The Genesis Mission capitalizes on the DOE's world-leading experimental facilities and
computational resources to lead AI-driven materials science. This initiative is expected to
rapidly develop breakthrough materials for a wide range of applications, including next-
generation electric vehicle batteries, renewable energy storage, high-efficiency catalysts,
and lightweight structural components. The accelerated material design process will
strengthen supply chains, reduce development costs, and lay the technological
foundation for a more sustainable society. By dramatically shortening the cycle from
scientific discovery to industrial application, the DOE intends to position the U.S. as a
leader in the future materials innovation ecosystem, ensuring a resilient and advanced
technological future.

Source: https://www.energy.gov/undersecretaryforscience/genesis-mission/designing-materials-
predictable-functionality
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American Elements Unveils Plant-Based Plastic
Alternative, Poised for Significant Environmental
Impact Reduction

OVERVIEW

Scientists and engineers at AMERICAN ELEMENTS® have successfully developed a

plant-based alternative to plastic, aimed at drastically reducing its massive negative

environmental impact. Announced as their "TODAY'S TOP DISCOVERY™!" on June 3,

2026, this innovation marks a crucial step towards sustainable material solutions. The
breakthrough offers a tangible solution to plastic pollution and is poised to accelerate

the development of more eco-friendly products across various industries.

Published June 03, 2026  AMERICAN ELEMENTS ®  USA



IN DEPTH

Key Findings

AMERICAN ELEMENTS® scientists and engineers have announced a significant
breakthrough in sustainable materials: the development of a plant-based alternative to
traditional plastics. This innovation, highlighted as the company's "TODAY'S TOP
DISCOVERY™!" on June 3, 2026, is specifically designed to substantially reduce the severe
negative environmental impact associated with conventional plastics, marking a pivotal
moment in the quest for eco-friendly material solutions.

Technical / Clinical Details

Renewable Feedstock: The new material is derived from renewable plant sources,
which inherently reduces dependence on fossil fuels and lowers the overall carbon
footprint compared to petroleum-based plastics. While specific details on the plant
sources and conversion processes are not fully disclosed, it is understood that
efficient biomass utilization techniques are central to its production.

Functional Equivalence: The plant-based alternative is engineered to match the
critical performance attributes of conventional plastics, including strength, flexibility,
durability, and processability. This functional parity allows it to be a viable substitute
for a wide range of applications, from packaging and consumer goods to specialized
industrial components.

Environmental Benefits: Beyond reducing reliance on non-renewable resources, this
material aims to significantly cut greenhouse gas emissions during manufacturing.
Crucially, its design likely incorporates enhanced biodegradability or recyclability,
offering a tangible solution to the escalating plastic waste crisis and preventing long-
term environmental pollution.



Background & Context

Global plastic pollution has become an urgent environmental and societal crisis,
prompting widespread demand and investment in sustainable material innovations.
Concerns over marine plastic debris, microplastic contamination, and their impact on
ecosystems are driving a global shift towards more environmentally benign alternatives
that do not compromise performance. AMERICAN ELEMENTS®' development directly
addresses this critical need, offering a promising new option in the burgeoning market
for sustainable materials.

Strategic Significance & Outlook

The successful development of this plant-based plastic alternative has the potential to
instigate a major transformation within the plastics industry. Future efforts will likely
focus on scaling up production processes, optimizing cost-effectiveness, and navigating
regulatory approvals. Should these efforts succeed, the material could see widespread
adoption across diverse product categories, from single-use items to more durable
goods, thereby contributing significantly to a more sustainable, circular economy.
AMERICAN ELEMENTS® is positioned to further develop and commercialize this
innovative discovery, aiming to lead the way in environmentally responsible materials
manufacturing.

Source: https://www.americanelements.com/researchers-develop-a-plant-based-alternative-to-plastic-
reducing-its-massive-negative-impact-on-the
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Ames Lab Pioneers AI-Driven Roadmap for Rare-Earth-
Free Permanent Magnet Design, Accelerating Discovery
and Strengthening US Supply Chain

OVERVIEW

Researchers at Ames National Laboratory are utilizing an AI-driven roadmap,

combining fundamental physics, high-throughput simulations, and reasoning-based

AI, to accelerate the discovery of materials for rare-earth-free permanent magnets.

This initiative, part of the DOE's Genesis Mission, aims to reduce dependence on
foreign rare earth supplies and develop high-performance, lower-cost magnets. The

approach focuses on understanding atomic structure and electronic behavior to

efficiently identify promising candidates, moving beyond traditional trial-and-error

methods.
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IN DEPTH

Key Findings

Researchers at Ames National Laboratory are pioneering an AI-driven roadmap to
accelerate the discovery and design of rare-earth-free permanent magnets. This
advanced framework integrates fundamental physics, high-throughput simulations, and
reasoning-based AI to efficiently identify promising material candidates, moving beyond
conventional trial-and-error methods. As a core component of the U.S. Department of
Energy's (DOE) Genesis Mission, this initiative aims to significantly reduce dependence
on foreign rare earth supplies and facilitate the development of high-performance,
lower-cost magnets, thereby strengthening domestic supply chains.

Technical / Clinical Details

AI-Driven Material Discovery: The traditional process of discovering new permanent
magnet materials is characterized by extensive experimental synthesis and
characterization, which is time-consuming and costly. The AI-driven roadmap
employs machine learning algorithms and vast materials databases to rapidly screen
potential compositions and structures, drastically narrowing the search space.

Physics-Informed AI: Unlike purely data-driven AI, this approach embeds
fundamental physical principles (e.g., quantum mechanics, solid-state physics) into
the AI models. This allows for more accurate predictions of magnetic properties from
atomic structures and electronic behaviors, ensuring that proposed materials are not
only novel but also physically feasible and likely to exhibit desired performance
characteristics.

High-Throughput Simulations: Candidate materials identified by the AI are rapidly
evaluated using high-throughput computational simulations, such as density
functional theory (DFT) calculations. This enables prediction of critical magnetic
properties like magnetic moment, coercivity, and Curie temperature before
experimental synthesis, focusing resources on the most promising candidates.

Reasoning-Based AI: Incorporating past materials science knowledge and expert
insights, reasoning-based AI helps derive new design principles and uncover hidden
correlations that might be overlooked by human researchers, leading to more
intelligent material design strategies.



Background & Context

Permanent magnets are indispensable components in a wide array of modern
technologies, including electric vehicles (EVs), wind turbines, robotics, and advanced
electronics. The highest-performing magnets currently rely heavily on rare earth
elements like Neodymium (Nd) and Samarium (Sm). However, the supply of these
elements is concentrated in a few countries, posing geopolitical risks and price volatility.
The U.S. seeks to bolster its national security and economic independence by developing
high-performance, rare-earth-free or reduced-rare-earth magnets.

Strategic Significance & Outlook

The AI-driven roadmap from Ames National Laboratory is a powerful tool for
accelerating the discovery of rare-earth-free permanent magnets. By integrating
millennia of existing materials knowledge with novel design principles, this approach
significantly increases the probability of identifying overlooked, high-performance
material candidates. The expected outcomes include:

Rapid Material Discovery: Substantially shortening the material development cycle,
enabling quicker market deployment of new magnet technologies.

Cost Reduction: Lowering manufacturing costs by reducing or eliminating the need
for expensive rare earth elements.

Supply Chain Diversification: Enhancing domestic production capabilities for
magnet materials, mitigating supply chain vulnerabilities.

This research underscores the central role AI plays in shaping the future of functional
materials and provides an essential foundation for the development of next-generation
clean energy technologies and high-performance electronics. While direct
commercialization remains a long-term goal, this systematic, AI-accelerated approach is
critical for achieving a more secure and sustainable materials future.

Source: https://www.ameslab.gov/news/ames-lab-scientist-provides-ai-driven-roadmap-for-future-
permanent-magnet-design
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Chitosan Microspheres Enable Smart Corrosion
Warning Coatings that Visibly Signal Corrosion within
30 Seconds, Revolutionizing Predictive Maintenance

OVERVIEW

Researchers have developed a smart corrosion-warning coating for steel using

chitosan microspheres encapsulating phenolphthalein. This pH-responsive system

visibly signals localized corrosion with a red color change within 30 seconds, offering

a powerful tool for predictive maintenance. Published in Progress in Organic
Coatings, the system combines reliable corrosion protection with intuitive visual

warning capabilities, demonstrating stable barrier performance in saline environments

and favorable physical properties.

Published May 29, 2026  European Coatings  Germany



IN DEPTH

Key Findings

Researchers have developed a groundbreaking smart corrosion-warning coating for steel
that leverages chitosan microspheres encapsulating phenolphthalein. This innovative pH-
responsive system provides an immediate and visible red color change within 30 seconds
of localized corrosion initiation, significantly enhancing predictive maintenance
capabilities for steel structures. Published in Progress in Organic Coatings, this
technology seamlessly integrates robust corrosion protection with an intuitive visual
alarm, marking a pivotal advancement in infrastructure durability and safety.

Technical / Clinical Details

Chitosan Microsphere Encapsulation: The core of this smart coating consists of
biocompatible chitosan microspheres. These micro-sized spheres act as reservoirs for
phenolphthalein, a pH indicator, which is released upon changes in the surrounding
environment.

pH-Responsive Warning Mechanism: When steel undergoes corrosion, the local
environment at the corrosion site typically becomes alkaline due to cathodic
reactions. This pH shift triggers the release of phenolphthalein from the microspheres,
causing it to change from colorless to a distinct red, providing a clear visual cue of
corrosion activity.

Rapid Detection: The system's ability to visibly signal corrosion within 30 seconds is
a critical advantage, enabling early detection and intervention before extensive
damage occurs. This rapid response time is far superior to traditional inspection
methods.

Dual Functionality: Beyond its warning capability, the coating itself provides
effective corrosion protection. The chitosan matrix forms a stable barrier,
demonstrating reliable performance in aggressive saline environments and exhibiting
favorable physical properties that contribute to the longevity of the protected steel.



Background & Context

Corrosion poses a colossal economic burden globally, costing trillions of dollars annually
in maintenance, repair, and replacement of infrastructure, transportation assets, and
industrial equipment. Traditional anti-corrosion methods often fail to provide early
warning, leading to severe damage before detection. The demand for smart coatings
that can autonomously monitor and signal corrosion in real-time is immense, as it
promises to reduce maintenance costs, enhance safety, and extend the lifespan of critical
assets.

Strategic Significance & Outlook

This chitosan microsphere-enabled smart corrosion-warning coating is poised to
revolutionize the field of predictive maintenance. Its applications are vast, encompassing
bridges, pipelines, marine vessels, aircraft, chemical processing plants, and any steel
structure vulnerable to corrosion. By providing an instant, visual indicator of corrosion,
the technology allows for targeted and timely intervention, minimizing unnecessary
inspections and maximizing maintenance efficiency. This will lead to significant cost
savings, reduced downtime, and enhanced safety for critical infrastructure worldwide.
The commercialization of this intuitive and reliable system will undoubtedly deliver
substantial economic and environmental benefits across diverse industries, marking a
new era for smart materials in protective coatings.

Source: https://www.european-coatings.com/news/coatings-technologies/chitosan-microspheres-enable-
smart-corrosion-warning-coatings/
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From Baker's Yeast to Bio-Buildings: Chalmers Unveils
3D-Printable Hydrogel for Sustainable Design

OVERVIEW

Engineers at Chalmers University of Technology have developed a novel 3D-printable,

bio-based soft hydrogel, synthesizing it from baker's yeast, cellulose, alginate,

glycerol, and water. This sustainable material enables the additive manufacturing of

complex architectural and interior design elements with minimal waste, offering a

biodegradable and recyclable alternative to traditional plaster, plastics, and synthetic

textiles. Future work will focus on optimizing its strength, fire safety, moisture

performance, and scalability for broader construction applications.

Published Published June 04, 2026  Global Construction Review  スウェーデン



IN DEPTH

Key Findings

A research team at Chalmers University of Technology in Sweden has engineered an
innovative 3D-printable, bio-based soft hydrogel, synthesized from common baker's
yeast, cellulose, alginate, glycerol, and water. This novel material presents a sustainable
alternative to conventional building and interior design materials such as plaster, plastics,
and synthetic textiles. Its capacity for 3D printing intricate shapes with near-zero waste,
combined with its inherent biodegradability and recyclability, positions it as a significant
advancement for environmentally conscious construction and design practices.

Technical Details

Bio-based Composition: The hydrogel's matrix is predominantly composed of
baker's yeast, a highly accessible and sustainable biomass. This is synergistically
combined with cellulose (a plant-derived polymer), alginate (a polymer extracted
from seaweed), glycerol (a ubiquitous plasticizer), and water, resulting in an entirely
natural and eco-friendly material.

3D Printability and Form Freedom: The rheological properties of this hydrogel have
been meticulously optimized for fused deposition modeling (FDM) 3D printing. This
enables the precise fabrication of intricate geometries and highly customized designs,
with this additive manufacturing paradigm substantially reducing material waste
when compared to traditional subtractive fabrication techniques.

Biodegradability and Recyclability: As an inherently bio-based material, the
hydrogel is engineered to naturally biodegrade at the conclusion of its service life,
thereby mitigating plastic pollution. Furthermore, its constituent components are
recyclable, aligning with and supporting circular economy principles critical for the
modern construction sector.

Soft Hydrogel Characteristics: The material's inherent soft hydrogel nature confers
distinctive tactile properties, lightweight attributes, and opens avenues for passive
functionalities. These include, but are not limited to, acoustic dampening or thermal
insulation, contingent upon its specific formulation and resultant structural
morphology.



Background & Context

The global construction and design industries are under increasing imperative to
drastically reduce their environmental footprint. This pressure stems primarily from the
extensive reliance on non-renewable resources, substantial energy consumption, and
considerable waste generation throughout material lifecycles. Consequently, the pursuit
of sustainable alternatives to conventional materials—especially plastics and gypsum-
based products—has emerged as a paramount global priority. This research from
Chalmers University directly responds to this critical demand, presenting a promising
bio-based solution that intrinsically aligns with the core principles of ecological
sustainability and circular economy.

Strategic Significance & Outlook

This novel yeast-based, 3D-printable hydrogel holds substantial promise for a diverse
array of applications across architectural and interior design. Potential applications
encompass lightweight, custom-designed partitions, high-performance acoustic panels,
innovative furniture components, sustainable lighting fixtures, and intricate decorative
elements for both walls and ceilings. Critical future research initiatives will involve a
rigorous evaluation of its mechanical strength and load-bearing capacity, comprehensive
fire safety performance assessment, detailed analysis of its moisture interaction and
long-term stability under varied environmental conditions, and the crucial assessment of
its production scalability for large-scale construction projects. Should these formidable
challenges be successfully navigated, this bio-based hydrogel is poised to spearhead a
transformative sustainable materials revolution within the construction sector, facilitating
the adoption of more environmentally benign, creatively versatile, and resource-efficient
building practices for generations to come.

Source: https://www.globalconstructionreview.com/researchers-claim-printed-yeast-gel-could-replace-
plaster-and-plastic/
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ORNL Develops Primer-Less, Self-Healing Sealant for
Building Envelopes with ≥20 lb./inch Peel Strength,
Reducing Energy Loss and Extending Longevity

OVERVIEW

Oak Ridge National Laboratory (ORNL) is developing a primer-less, self-healing

sealant for building envelopes designed to outperform current commercial

technologies. This dynamic polymer incorporates hydrogen bonds and flexible

polymer chains, enabling faster self-repair of micro-cracks and improved adhesion by
absorbing dust particles. The sealant's mechanical properties can be tuned, and it is

designed to achieve a peel strength ≥20 lb./inch, significantly improving sealant

longevity and reducing energy loss due to air leaks.

Published May 29, 2026  Department of Energy  USA



IN DEPTH

Key Findings

Oak Ridge National Laboratory (ORNL) is spearheading the development of a
groundbreaking primer-less, self-healing sealant for building envelopes, aiming to
significantly surpass the performance of existing commercial technologies. This
innovative dynamic polymer integrates both hydrogen bonds and flexible polymer
chains, facilitating a more rapid and autonomous self-repair of micro-cracks. Crucially, it
also demonstrates improved adhesion by actively absorbing dust particles from the
environment. Designed to achieve a peel strength of at least 20 lb./inch, this sealant
promises to extend the longevity of building envelopes and substantially reduce energy
loss caused by air leaks.

Technical / Clinical Details

Primer-Less Adhesion: Conventional sealants typically require a primer to achieve
adequate adhesion to building surfaces. ORNL's sealant eliminates this need through
its intrinsic material properties, simplifying installation, reducing labor costs, and
accelerating construction schedules.

Dynamic Polymer Chemistry: The sealant is composed of a special polymer
featuring dynamic hydrogen bonds and highly flexible polymer chains. These
hydrogen bonds are reversible, enabling the material to autonomously re-form
broken bonds when micro-cracks occur, initiating the self-healing process.

Accelerated Self-Repair: Micro-cracks, often caused by thermal
expansion/contraction or structural movement, are common failure points in building
envelopes, leading to air and moisture infiltration. The sealant's ability to quickly and
autonomously repair these minor defects ensures the continuous integrity of the
building envelope over extended periods.

Enhanced Adhesion via Dust Absorption: A unique feature of this sealant is its
capacity to absorb ambient dust particles. This mechanism not only strengthens the
sealant-substrate interface but also helps to maintain robust adhesion even in dusty
environments, further contributing to its long-term durability.



Tunable Mechanical Properties: The polymer composition can be engineered to
tailor specific mechanical properties, such as hardness, elasticity, and tensile strength,
to suit various application requirements. The target peel strength of ≥20 lb./inch is a
benchmark for superior performance, significantly exceeding many current market
offerings.

Background & Context

Energy efficiency in buildings is a critical global priority for climate change mitigation
and reducing energy consumption. Air leakage through building envelopes is a major
contributor to energy loss for heating and cooling. Traditional sealants degrade over
time, losing their elasticity and adhesive properties, which leads to cracks and gaps. This
necessitates frequent maintenance and replacement, adding to both financial and
environmental costs. Self-healing sealants offer a transformative solution by proactively
maintaining the integrity of building envelopes, thereby reducing energy waste and
extending maintenance cycles.

Strategic Significance & Outlook

ORNL's primer-less, self-healing sealant is poised to bring a paradigm shift to the
construction industry. By dramatically increasing the lifespan of sealants and minimizing
air infiltration, it will directly contribute to significant reductions in heating and cooling
energy consumption, making buildings more sustainable and energy-efficient. This
technology is applicable across a broad spectrum of building types—from residential to
commercial and public infrastructure. Its commercialization will improve building
durability, occupant comfort, and environmental performance, marking it as a next-
generation material critical for the future of green building and infrastructure resilience.

Source: https://www.energy.gov/cmei/buildings/articles/primer-less-self-healing-sealant-building-
envelopes
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LLMs Revolutionize Catalyst Design: 'CarbonCat-LLMs'
Framework Accelerates High-Entropy Electrocatalyst
Discovery via AI-Driven Literature Mining, Achieves
State-of-the-Art Predictive Performance

OVERVIEW

Researchers have developed CarbonCat-LLMs, a framework utilizing large language

models (LLMs) to accelerate the rational design of carbon-supported high-entropy

alloy (HEA) electrocatalysts for hydrogen evolution reactions. This AI-driven approach

extracts and analyzes knowledge from extensive literature to prioritize compatible

multi-element HEA compositions and carbon supports, effectively shrinking the vast

search space. As a proof of concept, CarbonCat-LLMs achieved state-of-the-art

performance, identifying high-performing catalyst configurations years before their

experimental appearance.
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IN DEPTH

Key Findings

Scientists have developed 'CarbonCat-LLMs,' a groundbreaking framework that
leverages large language models (LLMs) to dramatically accelerate the rational design of
carbon-supported high-entropy alloy (HEA) electrocatalysts for hydrogen evolution
reactions (HER). This AI-driven approach systematically extracts and analyzes knowledge
from vast scientific literature, enabling the efficient prioritization of compatible multi-
element HEA compositions and carbon supports, thereby significantly shrinking the
immense materials search space. As a compelling proof of concept, CarbonCat-LLMs
successfully identified high-performing catalyst configurations years before their
experimental discovery, achieving state-of-the-art predictive capabilities.

Technical / Clinical Details

High-Entropy Alloy (HEA) Catalysts: HEAs are a class of novel materials composed
of five or more metallic elements in near-equimolar ratios, offering unique crystal
structures and often superior catalytic properties. The vast combinatorial space of
HEA compositions makes their discovery through traditional means exceptionally
challenging.

Hydrogen Evolution Reaction (HER): HER is a critical electrochemical process for
green hydrogen production via water electrolysis. Developing highly efficient, stable,
and cost-effective electrocatalysts for HER is essential for a sustainable energy future.

LLM Integration: CarbonCat-LLMs is built upon LLMs trained on millions of scientific
publications, patents, and databases in chemistry, materials science, and physics.
These LLMs are capable of extracting unstructured information—such as catalyst
composition, synthesis conditions, performance data, and structural insights—and
constructing comprehensive knowledge graphs.

Search Space Reduction: By combining the LLMs' extensive chemical knowledge and
inferential capabilities, the framework can understand complex interactions between
HEA components and carbon supports. This allows it to identify highly promising
combinations, drastically reducing the search space for experimental synthesis and
high-fidelity computational simulations.



Predictive Performance: The proof-of-concept demonstrations showed that
CarbonCat-LLMs could predict HEA catalyst compositions with HER performance
comparable to or better than those reported experimentally, even years before their
actual publication. This highlights AI's potential to revolutionize material design at a
pace and scale beyond human expert capabilities.

Background & Context

The discovery of new materials is fundamental to addressing global challenges in clean
energy, electronics, and medicine. However, the development of complex, multi-
component materials like HEAs faces significant limitations with traditional experimental
or even first-principles computational approaches due to the sheer number of possible
combinations. The advent of AI, particularly advanced LLMs, offers a transformative
solution to this "materials discovery bottleneck."

Strategic Significance & Outlook

AI-driven catalyst design frameworks like CarbonCat-LLMs are poised to revolutionize
materials research and development. The methodology is readily adaptable to other
electrochemical reactions (e.g., CO2 reduction, oxygen reduction reaction), promising to
dramatically shorten the time from material discovery to commercialization. This
technology will accelerate the development of high-performance, low-cost catalysts that
can replace expensive precious metal alternatives, playing a crucial role in the global
energy transition, environmental protection, and the realization of sustainable chemical
industries. The synergy between AI and materials science is expected to be a dominant
trend in scientific and technological advancement for decades to come, offering a
powerful tool for rational material design and innovation.

Source: https://pubs.acs.org/doi/10.1021/acscatal.6c00635
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Frontiers in Chemistry Launches Special Issue: Call for
Papers on Solid-State, Ionic, and Hybrid
Thermoelectrics for Next-Gen Energy Conversion and
Smart Cooling

OVERVIEW

Frontiers in Chemistry has issued a call for papers focusing on advancing solid-state,

ionic, and hybrid thermoelectric materials and devices for energy conversion and

smart cooling. The research topic emphasizes linking fundamental chemistry with

materials design and device-level requirements, exploring how composition, crystal

structure, charge carrier concentration, defect chemistry, and interfacial reactions

govern thermoelectric performance. The scope includes nanostructuring, bulk and

thin-film thermoelectrics, printable/flexible platforms, and emerging concepts

combining electronic and ionic transport.
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IN DEPTH

Key Findings

Frontiers in Chemistry has announced a new Research Topic, inviting submissions that
highlight the latest advancements in solid-state, ionic, and hybrid thermoelectric
materials and devices for energy conversion and smart cooling. This special issue aims to
bridge fundamental chemistry with practical materials design and device-level
requirements, fostering a deeper understanding of how critical factors such as
composition, crystal structure, charge carrier concentration, defect chemistry, and
interfacial reactions collectively govern thermoelectric performance.

Technical / Clinical Details

Broad Scope of Materials: The research topic encompasses a wide array of
thermoelectric materials, including traditional solid-state systems, emerging ionic
thermoelectrics that leverage ion transport, and hybrid approaches that combine
both electronic and ionic conduction mechanisms for enhanced performance.

Performance Governing Factors: Papers are encouraged to delve into the intricate
relationships between atomic-level material properties and macro-scale
thermoelectric performance. This includes detailed studies on how precise control
over crystal structure, doping strategies (charge carrier concentration), inherent or
engineered defects (defect chemistry), and the behavior at material interfaces
influence the Seebeck coefficient, electrical conductivity, and thermal conductivity.

Advanced Design Strategies: Innovative material design strategies are a central
theme, with a focus on nanostructuring techniques to reduce thermal conductivity
without significantly impeding electrical transport. The scope also extends to diverse
form factors, including bulk thermoelectrics, thin films, and materials suitable for
printable and flexible platforms, catering to applications in wearable technology and
IoT.

Emerging Concepts: The call specifically highlights novel concepts that combine
both electronic and ionic transport, which could unlock new pathways for achieving
superior thermoelectric efficiency and functionality beyond the limits of purely
electronic systems.



Background & Context

The urgent global demands for sustainable energy solutions, efficient thermal
management, and miniaturized electronics have significantly elevated the importance of
thermoelectric technologies. These devices offer a solid-state approach to converting
waste heat into electricity or providing active cooling, addressing critical challenges in
energy efficiency and environmental sustainability. This Research Topic is designed to
consolidate cutting-edge research and stimulate further innovation in a rapidly evolving
field, bringing together diverse scientific perspectives to push the boundaries of
thermoelectric science and engineering.

Strategic Significance & Outlook

This Frontiers in Chemistry Research Topic serves as a vital platform for showcasing and
advancing the state-of-the-art in thermoelectric materials. By fostering interdisciplinary
research that links fundamental chemistry with practical device applications, it is
expected to catalyze the discovery of new, high-performance materials and novel device
architectures. The emphasis on printable and flexible platforms points to significant
future applications in wearable electronics, smart sensors, and distributed power
generation. Ultimately, the insights gained from this collective research effort will be
instrumental in developing more energy-efficient technologies, reducing carbon
footprints, and realizing next-generation smart cooling systems, contributing
significantly to a sustainable and technologically advanced future.

Source: https://www.frontiersin.org/research-topics/79713/solid-state-ionic-and-hybrid-thermoelectrics-
for-energy-conversion-and-smart-cooling
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Forge Nano Scales Advanced Materials Manufacturing
with Atomic Armor ALD Technology, Bridging Science
and Commercial Production for Next-Gen Batteries,
Semiconductors, and Electronics

OVERVIEW

Forge Nano emphasizes its Atomic Armor atomic layer deposition (ALD) technology

as a key competitive driver for next-generation batteries, semiconductors, and

advanced electronics manufacturing. The company focuses on bridging breakthrough

science and commercial production, establishing itself as a crucial enabling

technology provider within critical supply chains. This focus on manufacturability,

rather than solely discovery, is deemed essential for meeting growing demand in

high-tech industries.
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IN DEPTH

Key Findings

Forge Nano is prominently highlighting its pivotal role in scaling advanced materials
manufacturing, specifically through its proprietary Atomic Armor atomic layer deposition
(ALD) technology. The company asserts that this technology is a critical competitive
differentiator for the production of next-generation batteries, semiconductors, and
advanced electronics. Forge Nano is strategically positioned as an enabling technology
provider, focused on bridging the gap between groundbreaking scientific discovery and
large-scale commercial production, a capability deemed essential for meeting the
escalating demand in these high-tech sectors.

Technical / Clinical Details

Atomic Armor ALD Technology: Forge Nano's Atomic Armor employs atomic layer
deposition, a thin-film deposition technique that enables the precise growth of
materials one atomic layer at a time. This process creates ultra-thin, highly conformal
coatings on various substrates, even those with complex geometries, with exceptional
control over thickness and composition.

Applications Across Industries:

Next-Generation Batteries: ALD coatings on battery electrode materials can
significantly improve safety, energy density, and cycle life by stabilizing interfaces,
suppressing side reactions, and preventing dendrite formation. This is particularly
crucial for advanced battery chemistries like solid-state batteries and high-nickel
cathodes.

Semiconductors: In semiconductor manufacturing, ALD is vital for forming ultra-
thin, high-k dielectric layers, gate dielectrics, and diffusion barriers, enhancing
device performance and reliability as feature sizes continue to shrink.

Advanced Electronics: ALD technology is applied to various electronic
components to impart properties such as corrosion resistance, wear resistance,
improved insulation, and tailored conductivity.



Scalable Manufacturing: A key achievement for Forge Nano is demonstrating the
scalability of ALD from laboratory-scale research to industrial-scale high-volume
manufacturing. This capability is crucial for cost-effectively producing advanced
materials required by high-demand markets.

Background & Context

Modern high-performance technologies are increasingly reliant on materials with
precisely engineered properties at the atomic scale. The rapid growth of electric vehicles
(EVs), driven by soaring battery demand, coupled with the relentless advancement of AI
and IoT devices necessitating more powerful and reliable semiconductors and
electronics, has created an urgent need for the scalable manufacturing of advanced
functional materials. Companies like Forge Nano are critical in transforming scientific
breakthroughs into market-ready products that address these industrial demands.

Strategic Significance & Outlook

Forge Nano's Atomic Armor ALD technology is expected to further solidify its strategic
value as an foundational technology for enabling future innovations. By effectively
bridging breakthrough science with commercial production, the company differentiates
itself in a highly competitive advanced materials market. This technology has the
potential to dramatically enhance material performance and transform supply chains
across the battery, semiconductor, and advanced electronics industries, where both
performance and cost are paramount. As global demand for high-performance materials
continues to grow, Forge Nano's contributions will be increasingly vital for driving
industrial progress and technological advancement.

Source: https://www.tipranks.com/news/private-companies/forge-nano-highlights-role-in-scaling-
advanced-materials-manufacturing
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NIST Researchers Pioneer Laser-Whisking Technique for
High-Entropy Alloys, Enhancing High-Temperature
Performance and Enabling Reprogramming of Existing
Metal 3D Printers

OVERVIEW

NIST researchers have discovered a novel laser-based method to mix high-entropy

alloys (HEAs), which are typically difficult to combine. This technique, proven by

mixing dense RHEA-19 and lightweight titanium alloy, allows for the creation of HEAs

with improved high-temperature performance, suitable for applications like jet

engines or nuclear reactors. The method involves precisely adjusting a looping laser

path with custom software, potentially allowing existing metal 3D printers to be

reprogrammed for this purpose without new major parts.
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IN DEPTH

Key Findings

Researchers at the National Institute of Standards and Technology (NIST) have unveiled a
revolutionary laser-based method for mixing high-entropy alloys (HEAs), materials
traditionally challenging to synthesize. This innovative technique successfully
demonstrated the fusion of dense RHEA-19 with a lightweight titanium alloy, resulting in
HEAs that exhibit significantly improved high-temperature performance. These enhanced
materials are ideal for demanding applications such as jet engines and nuclear reactors.
Remarkably, this method can potentially be implemented on existing metal 3D printers
simply by reprogramming their laser paths with custom software, circumventing the
need for new major hardware investments.

Technical / Clinical Details

High-Entropy Alloys (HEAs): HEAs are a class of advanced metallic materials
typically composed of five or more principal elements in near-equimolar ratios. They
are renowned for their exceptional properties, including high strength, corrosion
resistance, high-temperature stability, and radiation resistance, making them highly
desirable for extreme environments. However, their complex multi-element
compositions often present significant manufacturing challenges in achieving
homogeneity.

Novel Laser-Mixing Technique: The NIST team developed a precise laser-whisking
approach that enables the thorough and uniform mixing of multiple elements at the
atomic scale. By carefully controlling the laser parameters, this method mitigates
common issues like phase segregation and defect formation, which plague traditional
HEA fabrication.

RHEA-19 and Titanium Alloy Fusion: The experimental validation involved
successfully mixing a refractory HEA (RHEA-19), known for its high melting point, with
a lightweight titanium alloy. This hybrid composition yields a material that combines
the desirable properties of both constituents, specifically enhancing high-temperature
operational capabilities while maintaining a relatively low density.



Custom Software Control: The precision of this technique is rooted in custom
software that enables real-time, millisecond-level adjustment of the laser's path,
power, and interaction time. This flexibility allows for optimization of the mixing
process based on the specific physical properties of the constituent alloys.

Reprogramming Existing 3D Printers: A key advantage is the potential to adapt this
technology to commercial laser-based metal 3D printers (additive manufacturing
systems) through software updates alone. This drastically lowers the barrier to entry
for HEA research and manufacturing, accelerating development and adoption.

Background & Context

Industries such as aerospace, energy, and defense continuously seek materials capable of
operating under increasingly extreme conditions, including high temperatures, corrosive
environments, and radiation exposure. HEAs represent a promising frontier for these
applications, but their complex synthesis has limited their widespread practical
implementation. NIST's discovery provides a scalable and cost-effective pathway to
overcome these manufacturing hurdles, thereby unlocking the full potential of HEAs.

Strategic Significance & Outlook

This laser-whisking technique for HEA fabrication is poised to revolutionize advanced
materials manufacturing. Its ability to leverage existing metal 3D printing infrastructure,
primarily through software innovation, will significantly accelerate research and
commercialization efforts. Potential applications are vast and include:

Aerospace: Lighter, more heat-resistant components for advanced jet engines and
hypersonic vehicles.

Energy Sector: Enhanced materials for next-generation nuclear reactors and high-
temperature gas turbines.

Defense: Superior armor and high-performance components for defense systems.

Industrial Tools: More durable tools and components for high-temperature industrial
processes.

The technology offers a crucial pathway to accelerate the design-to-production cycle for
high-performance materials, reinforcing technological leadership across several strategic
industries.



Source: https://www.nist.gov/news-events/news/2026/06/nist-researchers-discover-new-way-whisk-

alloys-together-lasers
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Additive Manufacturing Trends for Thermoelectric
Devices Unleash Complex Structures and Enhanced
Power Density, Revolutionizing Waste Heat Recovery

OVERVIEW

This study explores emerging trends in additive manufacturing (AM) for

thermoelectric (TE) devices, focusing on materials, synthesis, and device fabrication. It

highlights how AM enables the creation of complex-shaped TE units with hollow and

layered structures, which can enhance temperature gradients and power density
compared to conventional designs. The ability to customize geometries through AM

offers promising opportunities to improve the performance of TE materials and

devices, especially for waste-heat recovery in automotive, industrial, and wearable

applications.

Published June 01, 2026  ACS Publications  USA



IN DEPTH

Key Findings

This research investigates the latest trends in additive manufacturing (AM) for
thermoelectric (TE) devices, emphasizing its profound impact on materials selection,
synthesis methods, and device fabrication. The study highlights how AM capabilities
enable the creation of TE units with intricate geometries, including hollow and layered
structures, which significantly enhance temperature gradients and boost power density
compared to conventionally manufactured designs. This newfound ability to customize
geometries through AM offers unprecedented opportunities to drastically improve the
performance of TE materials and devices, particularly for crucial waste-heat recovery
applications in the automotive, industrial, and wearable sectors.

Technical / Clinical Details

Advantages of Additive Manufacturing: AM, or 3D printing, offers unparalleled
design freedom compared to traditional subtractive or molding processes. It allows
for the optimal placement of materials and independent control over thermal and
electrical conduction pathways, which is critical for maximizing TE material efficiency.

Complex Geometrical Structures: The study emphasizes the effectiveness of AM in
fabricating TE units with hollow and multi-layered internal structures. Hollow designs
create effective barriers to heat flow, thereby increasing the temperature difference
across the thermoelectric elements. Layered structures enable the precise integration
of different TE materials, each optimized for specific temperature ranges, leading to
improved overall device efficiency.

Enhanced Temperature Gradients and Power Density: TE device performance is
directly proportional to the temperature difference they can sustain. AM-designed
complex structures facilitate larger temperature gradients within the material,
maximizing the voltage generated via the Seebeck effect. This leads to higher power
output per unit volume, enabling the development of compact and powerful TE
generators.

Material and Synthesis Innovations: The research also discusses the development
of novel TE material inks and filaments suitable for AM, along with the optimization of
AM processes to fully exploit the unique properties of these advanced materials.



Background & Context

The global imperative for improved energy efficiency and waste heat recovery is driving
intense research into TE technologies as clean and sustainable power generation
solutions. A significant potential lies in harnessing low-grade heat, such as automotive
exhaust, industrial waste heat, and even body heat, which has historically been
unutilized. The evolution of AM technology breaks through the design and
manufacturing constraints of conventional TE devices, opening new avenues for
substantial improvements in performance and efficiency.

Strategic Significance & Outlook

These emerging trends in AM for TE devices are set to have a transformative impact on
waste heat recovery systems. Key application areas include:

Automotive Industry: Highly efficient exhaust heat recovery systems can improve
fuel economy and extend the range of electric vehicles.

Industrial Applications: Recovering electricity from high-temperature waste heat
sources in steel mills, glass factories, and other industrial settings, leading to
significant energy cost reductions.

Wearable Devices: The creation of miniature and flexible TE generators that can
power autonomous wearable sensors using body heat.

The customizable geometries and material design freedom offered by AM are crucial for
unlocking the full potential of thermoelectric materials, accelerating the advent of more
efficient and practical energy conversion devices. This will contribute significantly to
reducing global energy consumption and achieving a sustainable future.

Source: https://pubs.acs.org/doi/10.1021/acsami.6c04499
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Researchers Develop Dual-Autonomous Self-Healing
Steel Coating with Urea-Modified Silica Sol,
Establishing Long-Term Anti-Corrosion Performance
for Marine and Industrial Settings

OVERVIEW

Researchers have developed a dual-autonomous self-healing composite coating for

steel, utilizing urea-functionalized polysiloxane silica sol (Urea-SI) grafted onto an

acrylic resin backbone. This material achieves a nanoscale dispersion of a silicone-

based healing agent and creates a reversible hydrogen-bonding network, providing

stable barrier performance in saline environments and repeatable self-healing without

external stimuli. The strategy offers improved scalability and long-term stability for

anticorrosive coatings in demanding marine and industrial settings.

Published June 03, 2026  European Coatings  Germany



IN DEPTH

Key Findings

Researchers have developed an innovative dual-autonomous self-healing composite
coating for steel by grafting urea-functionalized polysiloxane silica sol (Urea-SI) onto an
acrylic resin backbone. This cutting-edge material features a nanoscale dispersion of a
silicone-based healing agent and a reversible hydrogen-bonding network that self-
repairs without external stimuli. The coating has demonstrated stable barrier
performance in challenging saline environments and repeatable self-healing, promising
significantly improved scalability and long-term stability for anticorrosive applications in
demanding marine and industrial settings.

Technical / Clinical Details

Dual Self-Healing Mechanism: The coating employs two synergistic self-healing
mechanisms. First, a silicone-based healing agent, dispersed at the nanoscale, is
released to fill cracks and restore the barrier. Second, a dynamic and reversible
hydrogen-bonding network, formed by the urea functional groups, enables the re-
formation of broken polymer chains, effectively mending the coating matrix.

Urea-Functionalized Polysiloxane Silica Sol (Urea-SI): Urea-SI is crucial for
encapsulating and dispersing the healing agent efficiently. Its polysiloxane backbone
provides excellent hydrophobicity and weather resistance, while the silica sol
components contribute to mechanical strength and enhanced barrier properties.

Grafting onto Acrylic Resin: By grafting Urea-SI onto an acrylic resin backbone, the
healing agent is uniformly distributed throughout the coating, and its adhesion to the
steel substrate is optimized. This ensures rapid and effective delivery of the healing
agent to damage sites.

Autonomous and Repeatable Healing: A significant advantage of this system is its
ability to self-heal autonomously, without requiring external triggers such as heat,
light, or specific chemicals. Furthermore, its healing capability is maintained even after
multiple damage-repair cycles, greatly extending the coating's functional lifespan.

Stability in Saline Environments: The demonstrated stable barrier performance in
saline environments is critical for real-world applications, as marine and many
industrial settings are highly corrosive. This validates the coating's robustness for
demanding conditions.



Background & Context

Corrosion of steel structures is a pervasive and costly problem, leading to substantial
economic losses and safety hazards in infrastructure, maritime transport, and industrial
facilities globally. Traditional anticorrosive coatings lose their protective barrier function
once damaged, even by micro-cracks, leading to accelerated corrosion. Self-healing
coatings offer a promising solution to extend material lifespan and reduce maintenance
costs, but many existing approaches are limited by the need for external triggers or by
suboptimal healing efficiency and repeatability. This research addresses these limitations
with a highly practical solution.

Strategic Significance & Outlook

This dual-autonomous self-healing steel coating holds transformative potential for
industries where corrosion is a constant threat, including marine vessels and offshore
platforms, oil and gas pipelines, bridges, and automotive components. The autonomous
nature of the healing process, without external stimuli, is a major enabler for practical
implementation. This technology promises to dramatically reduce the frequency and cost
of maintenance for steel structures, enhance their safety and durability, and contribute
significantly to sustainable industrial practices. With demonstrated long-term stability
and scalability, this coating is poised to become an indispensable technology for
constructing resilient and environmentally responsible industrial infrastructure in the
future.

Source: https://www.european-coatings.com/news/coatings-technologies/urea-modified-silica-sol-
enables-self-healing-steel-coating/
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University at Buffalo Proposes Quantum Sensing
System to Identify Altermagnetism, Pioneering Energy-
Efficient Spintronics

OVERVIEW

University at Buffalo physicists have proposed a quantum sensing system to identify

altermagnets, a recently discovered class of magnetic materials that could lead to

more energy-efficient electronics. Published in Physical Review Letters, the theoretical

technique measures how a suspected altermagnet disturbs a tiny magnetic defect in a
nearby diamond, with the defect's spin relaxation providing evidence of

altermagnetism. This method offers a simpler way to experimentally confirm the

behavior of these promising materials, accelerating their path to spintronic

applications.

Published May 29, 2026  University at Buffalo  USA



IN DEPTH

Key Findings

Physicists at the University at Buffalo have theoretically proposed a novel quantum
sensing system designed to identify altermagnets, a recently discovered and distinct
class of magnetic materials that holds immense promise for developing more energy-
efficient electronics. Published in Physical Review Letters, this innovative technique
measures the disturbance an alleged altermagnet causes to a tiny magnetic defect within
a nearby diamond. Evidence of altermagnetism is then inferred from changes in the
defect's spin relaxation, offering a significantly simpler and more accessible experimental
pathway to confirm the behavior of these potentially transformative materials.

Technical / Clinical Details

Understanding Altermagnetism: Altermagnets represent a new magnetic phase,
distinct from ferromagnets and antiferromagnets. They exhibit a unique spin
arrangement that, while having no net macroscopic magnetization, allows for spin
manipulation via electrical currents—a property previously thought exclusive to
ferromagnets. This characteristic is crucial for highly energy-efficient spintronic
devices.

Quantum Sensing with Diamond NV Centers: The proposed system utilizes
quantum defects, specifically Nitrogen-Vacancy (NV) centers, within diamond as
highly sensitive magnetic sensors. NV centers are known for their ability to maintain
quantum coherence and their spins' extreme sensitivity to external magnetic fields.

Measuring Spin Relaxation: In the presence of an altermagnet, the spin relaxation
time of the NV center (the time it takes for its spin to return to equilibrium) is altered.
By precisely measuring these changes in spin relaxation, researchers can indirectly
detect and characterize the unique magnetic field properties associated with
altermagnetism.

Simplified Experimental Confirmation: Traditionally, confirming novel magnetic
states like altermagnetism would require complex techniques such as neutron
scattering or advanced magneto-optical measurements. The proposed quantum
sensing method provides a more straightforward and less resource-intensive
experimental setup to obtain conclusive evidence of altermagnetism.



Background & Context

The relentless pursuit of faster and more energy-efficient information technologies is
constantly pushing the boundaries of materials science and physics. As conventional
magnetic materials approach their fundamental limits in terms of energy consumption
and processing speed, the discovery of new magnetic phases like altermagnetism offers
tantalizing possibilities for next-generation electronics. However, the unique and subtle
magnetic structures of altermagnets have posed significant challenges for their
experimental characterization, hindering their progression from theoretical concept to
practical application. This quantum sensing technique bridges that gap.

Strategic Significance & Outlook

This quantum sensing system is poised to play a crucial role in accelerating both
fundamental research and practical applications of altermagnets. Its implications are
significant for:

Energy-Efficient Spintronics: Altermagnet-based magnetic memory and logic
devices could dramatically reduce power consumption in electronic systems
compared to conventional charge-based electronics.

High-Speed Data Processing: Spin-based information processing, enabled by
altermagnets, could facilitate faster data transfer and computation speeds.

Advancements in Quantum Technologies: A precise understanding and reliable
experimental verification of new magnetic materials contribute directly to the
development of foundational materials for quantum computing and enhanced
quantum sensing platforms.

This discovery invigorates interdisciplinary research at the intersection of materials
science and quantum physics, promising fundamental transformations in the design of
future electronic devices and a significant leap towards sustainable and powerful
computing paradigms.

Source: https://www.buffalo.edu/ai-data-science/news-
events/news/articles.host.html/content/shared/university/news/news-center-releases/2026/05/new-type-
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Brown and University of Michigan Stabilize Elusive New
Phase of Matter by Stacking Custom Silver
Nanoparticles, Unlocking Room-Temperature Quantum
Technology Potential

OVERVIEW

Researchers from Brown University and the University of Michigan have stabilized a

previously elusive phase of matter by stacking custom-designed silver nanoparticles,

solving a longstanding puzzle in materials science. Published in Science, this new

material exhibits unusual optical behavior at room temperature, which could be useful

for quantum computing and other quantum information technologies. The work

demonstrates a novel strategy for designing materials from the bottom up by

assembling specially engineered nanoparticles into new structures with customized

properties.

Published May 30, 2026  ScienceDaily  USA



IN DEPTH

Key Findings

Researchers from Brown University and the University of Michigan have achieved a
significant breakthrough in materials science by successfully stabilizing a previously
elusive phase of matter. This was accomplished through the precise stacking of custom-
designed silver nanoparticles, resolving a longstanding puzzle regarding the stability of
such exotic states. Published in Science, this novel material exhibits highly unusual
optical behavior at room temperature, which holds immense promise for transformative
applications in quantum computing and other advanced quantum information
technologies.

Technical / Clinical Details

Stabilization of Exotic Phases: Matter can exist in various phases beyond the
conventional solid, liquid, and gas. Exotic phases, often found under extreme
conditions or in specially structured materials, can possess unique properties but are
typically highly unstable and difficult to observe. The successful room-temperature
stabilization of such a phase is a monumental achievement.

Custom-Designed Silver Nanoparticles: The key to this breakthrough lies in the
meticulous design and synthesis of silver nanoparticles with specific geometries and
surface chemistries. These nanoparticles are engineered to self-assemble in a
controlled manner, forming precisely ordered stacks.

Precise Stacking Methodology: Utilizing advanced nanoparticle assembly
techniques, the research team managed to stack these silver nanoparticles with
atomic-level precision. This bottom-up engineering approach allows for the fine-
tuning of inter-nanoparticle interactions, which are crucial for inducing and stabilizing
the new phase of matter.

Unusual Room-Temperature Optical Behavior: The newly stabilized material
displays unique optical properties at ambient temperatures, which were previously
unobservable. This behavior is likely a result of specific plasmonic coupling and
quantum mechanical interactions between the precisely arranged nanoparticles,
offering new ways to control light-matter interactions.



Background & Context

A persistent challenge in the field of quantum science and technology has been the
development of quantum materials that can operate stably at room temperature. Many
quantum phenomena are highly sensitive to thermal fluctuations, requiring cryogenic
temperatures that severely limit their practical scalability and broad applicability. The
ability to stabilize an exotic phase of matter at room temperature represents a potential
paradigm shift, removing a major barrier to widespread quantum technology
deployment.

Strategic Significance & Outlook

This groundbreaking discovery of a new, stable phase of matter has far-reaching
implications for quantum technologies, including:

Quantum Computing: Enabling the development of more robust, room-temperature
qubits, which could accelerate the practical realization of quantum computers.

Quantum Sensing: Leading to the creation of highly sensitive quantum sensors
capable of detecting subtle environmental changes with unprecedented precision at
room temperature.

Quantum Communication: Facilitating new communication protocols by enabling
stable transmission of quantum states over longer distances without active cooling.

Novel Material Design Strategy: More broadly, this research validates a powerful
bottom-up approach to materials design, using engineered nanoparticles as
fundamental building blocks to construct new materials with precisely customized
optical, electronic, and magnetic properties. This strategy could accelerate the
creation of advanced metamaterials and meta-optics.

This discovery serves as a prime example of how fundamental scientific advancements
can revolutionize future technologies, marking a critical milestone in the development of
next-generation quantum systems and opening new frontiers in condensed matter
physics and materials engineering.

Source: https://www.sciencedaily.com/releases/2026/05/260529043638.htm
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Metasurfaces Revolutionize Neutral-Atom Trapping,
Enabling Scalable Optical Tweezer Arrays and Multi-
Functional Quantum Systems

OVERVIEW

This review discusses how metasurfaces, manufactured using semiconductor

fabrication techniques, can enable scalable optical-tweezer arrays for millions of

neutral-atom trapping sites, generate complex trapping profiles like optical bottle

beams, and offer multiple functionalities in a single optic. The article highlights how
metasurfaces can reduce the number of distinct optical components, simplifying

packaging and deployment for compact and portable quantum systems. It also

addresses practical challenges in metasurface design, material choices, and

integration into complex optical and vacuum systems.

Published May 28, 2026  arXiv  USA



IN DEPTH

Key Findings

This review comprehensively discusses the transformative potential of metasurfaces,
fabricated using advanced semiconductor manufacturing techniques, for neutral-atom
trapping. It highlights how these engineered optical components can enable the
construction of scalable optical-tweezer arrays capable of trapping millions of neutral
atoms, generate sophisticated trapping profiles such as optical bottle beams, and
consolidate multiple functionalities into a single optical element. The core message is
that metasurfaces can drastically reduce the number of discrete optical components,
thereby simplifying the packaging and deployment of compact and portable quantum
systems.

Technical / Clinical Details

Metasurfaces Defined: Metasurfaces are two-dimensional arrays of nanoscale
structures engineered to control light's phase, amplitude, and polarization with
unprecedented precision. They offer ultra-thin and multi-functional optical
components, surpassing the capabilities of conventional bulk optics.

Application to Neutral-Atom Trapping: Neutral atoms serve as a leading platform
for quantum computing, high-precision sensors, and atomic clocks. Metasurfaces
precisely sculpt laser light to create intricate optical traps, enabling the spatial
confinement, cooling, and manipulation of these atoms.

Scalable Optical Tweezer Arrays: Traditional optical tweezer arrays for atom
trapping are complex, requiring numerous discrete optical elements and precise
alignment, which hinders scalability. Metasurfaces, being mass-producible using
lithographic techniques, can create millions of trapping sites on a single chip, offering
a pathway to dramatically increase the number of qubits for quantum computers.

Complex Trapping Profiles: Metasurfaces can generate sophisticated light fields,
such as optical bottle beams (light traps with a dark core), which are crucial for
extending atomic coherence times and improving the fidelity of quantum operations.

Multi-Functionality: The ability to integrate multiple optical functions—trapping,
cooling, manipulating, and detecting atoms—onto a single metasurface simplifies
quantum system architecture, reduces size, and enhances robustness.



Background & Context

Quantum technologies, promising revolutions in computing, communication, and
sensing, face significant challenges in miniaturization, stability, and scalability. For
neutral-atom-based quantum systems, precise control and large-scale integration of
atoms are paramount. Metasurface technology emerges as a highly promising solution
to address these challenges, offering a path to build more compact, robust, and
deployable quantum devices.

Strategic Significance & Outlook

Metasurface technology is a key enabler for realizing compact and portable quantum
systems. The review points out critical practical challenges in metasurface design (e.g.,
material choice, broadband operation, thermal management) and the importance of
seamless integration into complex optical and vacuum systems. Successfully addressing
these challenges will allow metasurfaces to have a profound impact on:

Quantum Computing: Facilitating the development of quantum processors with
millions of qubits.

High-Precision Atomic Clocks: Enabling compact and robust next-generation
atomic clocks.

Ultra-Sensitive Quantum Sensors: Expanding applications in magnetometry,
medical imaging, and gravitational wave detection.

This technology is poised to accelerate the commercialization of quantum technologies,
forming an indispensable foundation for the future information society. The ability to
dramatically reduce the size and complexity of atomic quantum systems will democratize
access to these powerful technologies and open up entirely new markets.

Source: https://arxiv.org/html/2605.30498v1
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Advanced Metamaterials Journal Invites Papers on
Medical Device Applications, Revolutionizing Tissue
Engineering, Stents, and Wearable Sensors

OVERVIEW

The journal "Advanced Metamaterials" has issued a call for papers focusing on the

application of metamaterials in medical devices, highlighting their revolutionary

potential in healthcare technology. The collection seeks contributions on engineered

composites with tailored mechanical, acoustic, or electromagnetic responses for
implants, prosthetics, and therapeutic tools, including metamaterial scaffolds for

tissue engineering, enhanced stents, and wearable sensors. This initiative aims to

advance diagnostics and treatment outcomes through novel metamaterial structures.

Published June 03, 2026  Research Communities (Advanced Metamaterials journal)  Germany



IN DEPTH

Key Findings

The journal "Advanced Metamaterials" has issued a significant call for papers, focusing
on the application of metamaterials in medical devices and underscoring their
revolutionary potential to transform healthcare technology. This special collection seeks
cutting-edge contributions on engineered composites designed with tailored
mechanical, acoustic, or electromagnetic responses for a wide range of medical tools,
including implants, prosthetics, and therapeutic devices. Specific areas of interest include
metamaterial scaffolds for advanced tissue engineering, enhanced designs for stents,
and highly functional wearable sensors. This initiative aims to significantly advance
diagnostics and treatment outcomes through the innovative integration of novel
metamaterial structures.

Technical / Clinical Details

What are Metamaterials? Metamaterials are artificially engineered composite
materials that derive their unique properties not from their constituent materials
alone, but from their meticulously designed sub-wavelength geometric structures and
arrangements. In the medical field, this allows for unprecedented control over
mechanical, acoustic, and electromagnetic properties.

Tunable Mechanical Response: Metamaterials can be designed to match the
stiffness or elasticity of specific biological tissues, or to withstand particular
mechanical loads. This enables the creation of more biocompatible implants,
customized prosthetics, or impact-absorbing protective devices.

Control of Acoustic and Electromagnetic Properties: Acoustic metamaterials can
improve the resolution of ultrasound imaging, precisely focus therapeutic ultrasound,
or create novel acoustic shields. Electromagnetic metamaterials can enhance MRI
sensitivity, selectively block or transmit specific frequencies of electromagnetic waves,
or optimize wireless power transfer and communication for medical devices.



Specific Medical Applications:

Metamaterial Scaffolds for Tissue Engineering: Designing scaffolds with
optimized microstructures to precisely guide cell growth, differentiation, and tissue
regeneration.

Enhanced Stents: Developing stents with improved flexibility, biocompatibility,
and biomechanical properties to enhance blood flow dynamics and reduce
restenosis.

Wearable Sensors: Creating flexible, highly sensitive, and multi-functional
metamaterial-based sensors for non-invasive, continuous monitoring of vital signs
and physiological parameters.

Therapeutic Tools: Innovations in drug delivery devices, photothermal therapy,
and ultrasound therapy tools that leverage metamaterial properties for enhanced
efficiency and targeted treatment.

Background & Context

Modern medicine is constantly striving for more personalized, effective, and minimally
invasive diagnostic and therapeutic solutions. Traditional materials and technologies
often fall short in meeting these evolving needs. Metamaterials, with their inherent
design freedom and ability to exhibit custom-tailored functionalities, offer a promising
pathway to overcome these limitations. This call for papers encourages collaboration
among materials scientists, physicists, and biomedical engineers to translate cutting-
edge metamaterial research into impactful medical applications.

Strategic Significance & Outlook

This special issue of "Advanced Metamaterials" is expected to significantly accelerate
research into medical metamaterials, charting new directions for clinical translation. The
submitted research will not only contribute to the discovery of innovative materials but
also has the potential to improve diagnostic accuracy, enhance therapeutic efficacy,
improve patient quality of life, and potentially reduce healthcare costs. The integration of
metamaterials into medical devices is anticipated to lead to the development of novel
treatments and diagnostic modalities that were previously inconceivable, fundamentally
transforming the landscape of healthcare technology in the coming years.



Source: https://communities.springernature.com/posts/call-for-papers-metamaterials-in-medical-devices
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Ames Lab Explores AI to Break Rare Earth Magnet
Monopoly, Accelerating Discovery of Cost-Effective,
High-Performance Domestic Magnets

OVERVIEW

Ames National Laboratory is utilizing AI, combined with physics-based modeling and

high-throughput simulations, to accelerate the discovery of rare-earth-free

permanent magnets, aiming to reduce U.S. dependence on foreign supply chains.

While no commercial replacement for NdFeB magnets has been found yet, this AI-
driven framework is designed to evaluate a significantly larger number of candidate

materials than traditional methods. The research is a promising step in developing

lower-cost, scalable, and domestically produced high-performance magnets, though

market commercialization remains a long-term goal.

Published June 03, 2026  Rare Earth Exchanges  USA



IN DEPTH

Key Findings

Ames National Laboratory is actively pursuing the potential of Artificial Intelligence (AI),
in conjunction with physics-based modeling and high-throughput simulations, to
accelerate the discovery of rare-earth-free permanent magnets. This ambitious initiative
aims to mitigate the U.S.'s reliance on foreign supply chains for these critical materials.
While a direct, commercially viable replacement for high-performance Neodymium-iron-
boron (NdFeB) magnets has yet to be identified, this advanced AI-driven framework is
engineered to evaluate a significantly larger pool of candidate materials than
conventional methodologies, offering a promising pathway to break the rare earth
magnet monopoly.

Technical / Clinical Details

AI-Accelerated Materials Search: The core of this research involves using AI
algorithms to intelligently navigate the vast combinatorial space of potential magnet
materials. This includes machine learning models trained on existing materials data,
coupled with generative AI to propose novel compositions and structures.

Physics-Based Modeling and Simulation: The AI is integrated with fundamental
physics principles and high-fidelity computational simulations (e.g., density functional
theory, micromagnetic simulations). This ensures that the AI-generated candidates
are not only chemically feasible but also theoretically possess the desired magnetic
properties like high coercivity, strong magnetic anisotropy, and high Curie
temperature, reducing the need for extensive experimental validation.

Expanded Candidate Evaluation: Traditional trial-and-error approaches can only
explore a minute fraction of the possible materials space. The AI framework drastically
expands this capability, allowing for the rapid screening and prioritization of millions
of potential material compositions, thereby increasing the probability of discovering
unexpected, high-performance alternatives.

Focus on Rare-Earth-Free Alternatives: The primary objective is to identify materials
that achieve comparable or superior performance to rare-earth magnets without
using scarce or geopolitically sensitive elements. This involves exploring novel
intermetallic compounds, alloys, and composite structures.



Background & Context

Permanent magnets are indispensable in modern technology, from electric vehicles and
wind turbines to consumer electronics and defense systems. However, the dominance of
rare earth elements, primarily sourced from a limited number of countries, creates
significant supply chain vulnerabilities, price volatility, and geopolitical risks for nations
like the U.S. Developing domestically produced, cost-effective, and high-performance
rare-earth-free magnets is therefore a strategic imperative for national security and
economic resilience.

Strategic Significance & Outlook

Ames National Laboratory's AI-driven approach is a crucial step towards challenging the
existing rare earth magnet monopoly and fostering a more sustainable and secure
magnet materials supply chain. Although the commercialization of a direct NdFeB
replacement remains a long-term goal, the advancements from this research are
expected to yield several strategic benefits:

Domestic Production Capacity: Establishing the intellectual and technological
foundation for the domestic production of high-performance magnet materials,
reducing reliance on foreign imports.

Cost Efficiency: Identifying materials that bypass expensive rare earth elements,
leading to lower manufacturing costs for critical technologies.

Technological Leadership: Driving innovation in magnet technology, which is
essential for next-generation clean energy solutions, advanced manufacturing, and
defense applications.

The synergy between AI and materials science promises to not only accelerate research
and development but also to reshape industrial landscapes and address significant
geopolitical challenges. While widespread market commercialization will require
sustained effort and further research, the potential impact on strategic independence
and technological advancement is profound.

Source: https://rareearthexchanges.com/news/can-ai-break-the-rare-earth-magnet-monopoly-ames-lab-
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UC San Diego Team Pioneers AI-Designed Metasurface
with Deep Learning for Real-Time Distorted Light
Correction, Enabling Sharper Imaging Across
Disciplines

OVERVIEW

A UC San Diego team has developed a compact optical device, designed with AI, and

paired it with an AI-powered analysis system to correct distorted light for sharper

imaging. This innovation, published in Nature Communications, uses an AI-designed

metasurface of titanium dioxide nanopillars to give each optical distortion a unique

image signature, allowing a deep neural network to read and correct distortions in

real time. The approach, which is patent pending, establishes a scalable foundation

for next-generation optical and photonic systems in fields like biology and

astronomy.

Published June 03, 2026  UC San Diego  USA



IN DEPTH

Key Findings

A research team at UC San Diego has pioneered a novel technique that integrates an AI-
designed compact optical device with an AI-powered analysis system to correct distorted
light in real time, enabling significantly sharper imaging. This innovation, published in
Nature Communications, leverages a metasurface composed of titanium dioxide
nanopillars to generate a unique image signature for each optical distortion. A deep
neural network then interprets these signatures, allowing for immediate correction of
distortions. This patent-pending approach establishes a scalable foundation for next-
generation optical and photonic systems, with profound implications for fields ranging
from biology to astronomy.

Technical / Clinical Details

The Problem of Light Distortion: Optical systems, particularly high-resolution
microscopes and telescopes, frequently encounter light distortions due to lens
imperfections, atmospheric turbulence, or inhomogeneities in biological samples.
These distortions severely degrade image quality and resolution.

AI-Designed Metasurface: Central to this technology is an AI-designed metasurface,
a 2D array of precisely arranged titanium dioxide nanopillars on a microscale. The AI
algorithms optimize the configuration of these nanopillars to manipulate incident
light wavefronts at a very fine granularity, tailored to correct specific types of
distortions.

Unique Image Signatures: The metasurface is engineered to produce a unique
"image signature" for each incident light distortion. This means that distorted light
passing through the metasurface forms a distinctive pattern that correlates directly
with the nature and extent of the original distortion.

AI-Powered Real-Time Correction: A deep neural network is trained to rapidly
analyze these image signatures. Upon identifying the type and magnitude of the
distortion, the network either adjusts the optical system or applies digital image
processing techniques to correct the distortion in real time. This real-time capability is
crucial for dynamic imaging environments.



Background & Context

High-resolution imaging is indispensable across numerous scientific, medical, and
industrial domains. However, light distortions have consistently been a limiting factor in
achieving ultra-precise imaging. Traditional distortion correction methods, such as
adaptive optics, typically rely on complex and expensive hardware, often struggling with
real-time processing demands. The convergence of AI and metamaterials offers a more
compact, faster, and cost-effective solution to this longstanding challenge.

Strategic Significance & Outlook

This AI-integrated optical distortion correction technology has the potential to
revolutionize numerous fields. With a patent pending, commercialization efforts are
expected to follow:

Biomedical Imaging: Enabling unprecedented clarity in observing live cells and
internal tissues, which can advance early disease diagnosis and therapeutic
development.

Astronomy: Correcting atmospheric turbulence in telescopes to obtain sharper
images of distant celestial objects, furthering our understanding of the universe.

Microelectronics Manufacturing: Compensating for optical distortions in next-
generation lithography, enabling the fabrication of even finer circuit patterns.

Consumer Electronics: Improving image quality in smartphone cameras and
enhancing the immersive experience in AR/VR devices.

This approach establishes a scalable foundation that will fundamentally transform the
design and performance of optical systems, paving the way for a new era of innovation
in imaging and photonics.

Source: https://today.ucsd.edu/story/uc-san-diego-team-pairs-ai-with-tiny-optical-device-to-correct-
distorted-light-for-sharper-imaging
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