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Nanogenerators (PENG, TENG) promise
self-powered healthcare, but PVDF output
displacement needs material innovation.

Synergistic layered coatings provide
multifunctional textiles with strong adhesion,
flame retardancy (LOI 32%), and recyclability.

MIT pioneers nanoporous silicon for
high-efficiency thermoelectric conversion,
targeting ZT>3 with 300x thermal conductivity
reduction.

Applied Materials partners with top US
universities at EPIC Center to accelerate R&D; for
next-gen AI chip materials.

Al and Ga doping boosts Si-rich HMS
thermoelectric performance to ZT 0.36 at 773K,
with high mechanical hardness.

Harvard develops 3D printed artificial muscles
using LCEs and RM-3DP for complex, durable
shape-shifting in soft robotics.

First-principles study explores
stacking-dependent thermoelectric transport in
layered Sc2Si2Te6 for efficient material design.

Peking University unveils octopus-inspired
underwater robot with ultra-fast stiffness tuning
for zero-energy transport.

Multiphase ceramics and metamaterials enable
ultra-stable frequency dielectric resonators,
crucial for RF modules.

Pyroelectric materials show stable performance
under extreme pressure (up to 50 MPa) for
medical devices and sensing.

Flexible vibrotactile interface overcomes PVDF
limitations for high-fidelity haptics in metaverse
interactions.

Preprint explores nonlinear coherent transport in
2D thermal metamaterials, linking to quantum
computing for thermal management.

Osaka Metropolitan University uncovers ionic
transport paths in solid-state batteries, optimizing
LPSCI particle size for performance.

Bio-inspired 3D printed MXene/CNF aerogel
frameworks achieve enhanced terahertz EMI
shielding for 5G/6G.

UK/Germany researchers engineer MOF glasses
using ancient chemistry, enabling new
applications in gas separation and coatings.

Ferroelectric heterojunction exhibits
programmable photovoltaic performance for
in-sensor computing, boosting photocurrent
100x.

DOE funds low-cost poly-DCPD aerogel
production via APD for high-R insulation, aiming
to accelerate adoption.

Specialty fruit coatings market projected to reach
$7.6B by 2033, driven by multifunctional and
plant-based innovations.
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I Three Questions That Demand Your Decision This Week

@ Is your product lifecycle strategy ready for materials that heal themselves over 1,000
times?
This breakthrough from NCSU (#04) threatens traditional maintenance models and offers unprecedented

durability for aerospace and automotive components. How will you adapt your R&D; and supply chains to
leverage or counter this?

® Are you prepared for a 10x cost reduction in building thermal energy storage and
insulation?

DOE-funded projects (#02, #05, #29) are driving down PCM and aerogel costs, poised to halve building energy
peaks. This creates massive opportunities for new construction and retrofit markets, but also threatens
incumbent solutions.

© Is your semiconductor materials roadmap aligned with next-gen AI chip demands?

Applied Materials' EPIC Center (#16) is accelerating R&D; with top US universities, focusing on novel materials
and processes. Failure to engage risks falling behind in the critical AI hardware race.

I Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies

Opp. > Threat Both High
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® Self-Heal Critical Extreme durability Maintenance obsolete
® PCM/Aero Critical Massive energy market Incumbent disruption
® TE ZT>3 Critical Game-changing energy Disrupts existing tech
® HEA Cat Critical Cost-eff. clean H2 China's strong lead
® Al Chip Opp. Lead Al hardware Lagging in critical
® MRI Meta Opp. Superior diagnostics Competitors faster
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® UWRobot Threat Niche applications China's rapid innovation
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I Deep Dive @ — MIT Pioneers Nanoporous Silicon for High-Efficiency Thermoelectric Conversion,
#15 | Date unknown | MIT (Massachusetts Institute of Technology) | Tech Novelty® ® ® ® ® Proximity ® OOOO Market

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

MIT researchers are exploring nanoporous silicon as a high-efficiency thermoelectric material, crucial for

waste heat recovery and solid-state refrigeration. Numerical simulations show silicon with nanometer-sized

periodic cylindrical pores can dramatically reduce thermal conductivity by 300 times compared to bulk silicon,

primarily due to increased phonon scattering.

This ultra-low thermal conductivity makes nanoporous Si a highly attractive candidate for achieving
thermoelectric figures of merit (ZT) greater than 3, a significant leap from current ZT values around 1. This
could revolutionize energy harvesting and cooling technologies.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The simulated ZT>3 for nanoporous silicon is a theoretical
breakthrough, but achieving this experimentally with stable, scalable materials remains a
significant technical barrier. Maintaining electrical conductivity while drastically reducing
thermal conductivity at the nanoscale is extremely challenging. [Opportunity] for US/EU
materials and device manufacturers to lead in next-gen energy harvesting and solid-state
cooling. [Threat] for incumbent energy conversion technologies if this becomes commercial.
Next actions: [R&D;] Formulate a task force to evaluate the feasibility and timeline for
nanoporous thermoelectric materials by Q4 2026. [Strategy] Begin scenario planning for a
world with highly efficient waste heat recovery by Q1 2027.

I Deep Dive @ — North Carolina State Engineers Develop Composite That Self-Heals Over 1,000 T
#04 | 2026/05/14 | Bored Panda (North Carolina State Universityifi5t#877) | Tech Novelty® ® ® ® ® Proximity® @ OO O

Market Impact® ® ® ® ® Data Reliability® ® ® OO US/EU Relevancce ® @ ® ®

Researchers at North Carolina State University have developed fiber-reinforced polymer (FRP) composites

that can repair cracks and structural separations over 1,000 times without compromising integrity. Inspired

by biological regeneration, this technology promises to dramatically extend the lifespan of industrial

materials.

This astounding self-healing capacity, an exponential improvement over prior concepts, is achieved by
embedding repair agents that are automatically released or activated upon damage. It is directly applicable
to aerospace, automotive, and infrastructure components, significantly reducing maintenance costs and

enhancing safety.
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» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The claim of 1,000+ self-healing cycles is impressive, but the
article lacks specific quantitative data from a peer-reviewed source, making it potentially
optimistic. Technical barriers include ensuring consistent healing performance across various
damage types, scalability of embedding mechanisms, and long-term stability in diverse
operational environments. [Opportunity] for US/EU OEMs and materials suppliers to create
entirely new product categories with unprecedented durability, reducing warranty costs and
increasing customer loyalty. [Threat] for companies reliant on traditional repair and
replacement markets, as this technology could render their services obsolete. Next actions:
[R&D;] Validate the healing mechanism and cycle count in internal labs by Q3 2026. [Business
Dev] Identify potential aerospace and automotive partners for pilot programs by Q4 2026.
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I Deep Dive ® — Novel Low-Cost Composite Phase Change Material Poised to Halve Building Ener
#02 | 2026/05/11 | AKXEI=RJLF+—%& (Department of Energy) | Tech Novelty® ® ® ® O Proximity® @ ® OO Market

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

The U.S. Department of Energy (DOE) is developing a novel low-cost composite phase change material

(PCM) for buildings, aiming to slash deployment costs to less than $2/kWh, a tenfold reduction from current

paraffinic PCMs. This leverages inexpensive salt hydrates with compressible expanded natural graphite

(CENG).

This breakthrough promises to significantly reduce peak load demands in buildings and enhance energy
efficiency. Oak Ridge National Laboratory and Georgia Institute of Technology are leading the research,
addressing challenges like low thermal conductivity and phase segregation in salt hydrates.

» Strategic Analyst's Perspective

Strategic Analyst's Perspective: The $2/kWh cost target is highly ambitious and, if achieved,
would be transformative. The combination of salt hydrates and CENG is a clever approach to
overcome known limitations. Technical barriers include long-term stability of salt hydrates
(supercooling, phase segregation) and ensuring CENG integration doesn't compromise
structural integrity or cost. [Opportunity] for US/EU materials suppliers and OEMs to capture a
massive market in building energy efficiency, grid stabilization, and HVAC optimization.
[Threat] for traditional insulation and thermal management providers who fail to innovate or
integrate these new PCMs. Next actions: [Procurement] Evaluate potential suppliers and
material specifications for low-cost PCMs by Q3 2026. [R&D;] Investigate integration methods
for these PCMs into existing building materials and HVAC systems by Q4 2026.

I Other Notable Articles

Synergistic Layered Coatings Offer Multifunctional Textile Performance (ACS Publications)
Tech Novelty® ® @ ® O Proximity® @ @ OO Market Impact®e ® @ ® O

Innovative multilayer coating provides textiles with strong adhesion, flame retardancy (LOI 32%),
hydrophobicity, and recyclability.

Cerium Boosts Stability of Low-Platinum High-Entropy Alloy Catalysts for Acidic Oxygen Reduction Reaction (ACS Publications)
Tech Novelty® ® ® ® O Proximity® @ OOO Market Impacte @ @ @ O
Cerium-alloyed HEA catalysts significantly enhance stability and reduce platinum loading for PEM fuel cells.

MXene-Polymer Hybrid Coating Boosts Neural Sensor Performance for Brain Disorder Research (Louisiana Tech University)
Tech Novelty® ® ® ® O Proximity® ® OOO Market Impacte @ @ ® O

Breakthrough MXene-polymer coating enhances flexible neural sensors for real-time, sensitive detection of
brain chemicals and electrical activity.

DOE Funds Innovative, Low-Cost Aerogel Production for High-R Insulation, Pioneering Poly-DCPD Materials CKE L)L+ —%)
Tech Novelty® ® @ ® O Proximity® @ @ OO Market Impact®e @ @ @ O

DOE project aims for low-cost poly-DCPD aerogel blankets via Ambient Pressure Drying, revolutionizing
building insulation.

Applied Materials Teams with Top Universities at EPIC Center to Accelerate Next-Gen Al Chip Material Development (Semiconductor Today)
Tech Novelty® ® OOO Proximity® @ ® OO Market Impacte @ @ @ O

Applied Materials' $4B EPIC Center partners with top US universities to accelerate R&D; for next-gen Al chip
materials and processes.
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I Recommended Actions This Week

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

I Immediate (this week)

¢ [R&D;] Identify internal projects potentially impacted by self-healing composites (#04) or high-ZT
thermoelectrics (#15).

e [Strategy] Assess competitive implications of China's advancements in HEA catalysts (#09) and
underwater robotics (#20).

e [Procurement] Review current insulation/thermal management suppliers in light of low-cost
PCM/aerogel breakthroughs (#02, #29).

| Short-term (1 month)

¢ [R&D;] Initiate feasibility studies for integrating self-healing polymers into high-value products
(aerospace, automotive).

e [Business Dev] Explore partnerships with US/EU universities (e.g., NCSU, MIT, Louisiana Tech, Max
Delbriick Center) for advanced materials R&D.;

o [Strategy] Develop a roadmap for adopting advanced thermal management solutions in building and
industrial applications.

| Medium-long term (quarter+)

e [Executive] Allocate budget for strategic investments in next-gen Al chip materials R&D;, potentially
through consortia like EPIC Center (#16).

¢ [Procurement] Diversify or secure supply chains for critical materials like platinum due to HEA catalyst
developments (#01).

¢ [Legal/IP] Monitor IP landscape for self-healing materials, thermoelectrics, and advanced catalysts to
identify licensing opportunities or threats.

troy-technical.jp/en | Original curation. Article copyrights belong to respective authors. | Gemini API + Claude | 2026-05-18
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Cerium Boosts Stability of Low-Platinum High-Entropy
Alloy Catalysts for Acidic Oxygen Reduction Reaction

Published May 07, 2026  ACS Publications (Chemistry of Materials) USA

Cerancedistabillity of Cerinforced
enforced high-reduction alfay catalysts
ions in.acidic media

3

I OVERVIEW

Researchers have significantly enhanced the stability of low-platinum high-entropy
alloy (HEA) catalysts for the oxygen reduction reaction (ORR) in acidic media, a critical
component for proton exchange membrane fuel cells (PEMFCs). By intrinsically
alloying cerium (Ce) into the HEA lattice, they successfully suppressed the dissolution
of transition metals and structural degradation. The reversible Ce3+/Ce4+ redox pair
actively scavenges harmful radical species, leading to substantially improved catalyst
longevity and offering a pathway to ultra-low platinum catalysts for more cost-

effective and durable fuel cell technology.



| N DEPTH

Background

Proton exchange membrane fuel cells (PEMFCs) represent a promising clean energy
technology, yet their widespread commercialization is hampered by the high cost and
insufficient durability of platinum-based catalysts for the oxygen reduction reaction
(ORR) at the cathode. The development of low-platinum (low-Pt) catalysts is crucial for
reducing costs while maintaining performance. High-entropy alloys (HEAs), characterized
by the incorporation of multiple principal elements in near-equimolar ratios, have
emerged as potent candidates due to their unique 'cocktail effect’ and lattice distortion,
which can lead to superior catalytic properties. However, a significant challenge for low-
Pt HEA catalysts in the highly acidic environment of PEMFCs has been their instability,
primarily manifesting as the dissolution of non-noble transition metals and structural

degradation.

Key Findings / Results

This groundbreaking research introduces an innovative strategy to overcome the stability
limitations of low-Pt HEA catalysts: the intrinsic alloying of cerium (Ce) directly within the
HEA lattice. Unlike conventional approaches where cerium is often applied as an external
oxide additive, this intrinsic integration provides a dual mechanism for enhanced

catalytic stability:

e The HEA matrix effectively stabilizes the incorporated Ce atoms, which in turn
significantly suppresses the leaching of other transition metal atoms from the catalyst

structure. This preservation of structural integrity is critical for long-term operation.

e The reversible Ce3*/Ce** redox pair within the alloy actively captures and neutralizes
detrimental reactive oxygen species (radicals), such as hydrogen peroxide, generated
during the ORR. This scavenging action mitigates radical-induced degradation of the

catalyst surface.



Through this intrinsic alloying approach, the new Ce-enhanced HEA catalyst
demonstrated remarkable stability and sustained high ORR activity even under highly
acidic conditions, comparable to or exceeding traditional Pt/C catalysts, but with
significantly reduced platinum loading. This dual-functional design provides a robust
solution for developing highly durable and cost-effective catalysts for fuel cell

applications.

Technical Significance & Outlook

The intrinsic alloying of cerium into HEAs marks a significant conceptual and practical
advancement in the design of ultra-low Pt catalysts. This strategy directly addresses the
core challenges of cost and durability in PEMFCs, accelerating their path towards
commercial viability and widespread adoption in the clean energy sector. The principles
established in this study could be extended to other electrocatalytic reactions and
various high-entropy material systems, fostering broader innovation in sustainable
energy conversion technologies. Future work will focus on scaling up the synthesis
methods, conducting extensive long-term durability tests under real-world operating
conditions, and further optimizing the precise composition and structural parameters to

achieve even higher performance and industrial applicability.

Source: https://pubs.acs.org/doi/10.1021/acs.chemmater.6c00448

Collected: May 15, 2026 | Automated Research System (Gemini API)
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Novel Low-Cost Composite Phase Change Material

Poised to Halve Building Energy Peaks

Published May 11,2026 KETIJLF—%& (Department of Energy) USA

| overview

The U.S. Department of Energy (DOE) is spearheading a project to develop a novel
low-cost composite phase change material (PCM) designed for building applications,
aiming to slash deployment costs to less than $2/kWh, a tenfold reduction from
current paraffinic PCMs. This initiative leverages inexpensive salt hydrates,
overcoming their low thermal conductivity with the strategic incorporation of
compressible expanded natural graphite (CENG). This breakthrough promises to
significantly reduce peak load demands in buildings and enhance energy efficiency,
with Oak Ridge National Laboratory and Georgia Institute of Technology leading the

research.
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Background

Buildings are major contributors to global energy consumption, with heating and cooling
demands placing substantial strain on electrical grids, particularly during peak periods.
Phase change materials (PCMs) offer a compelling solution for thermal management in
buildings by storing and releasing large amounts of latent heat, thus moderating
temperature fluctuations and optimizing HVAC system operation. However, the
widespread adoption of conventional paraffin-based PCMs has been hindered by their
high deployment costs, typically ranging from $20 to $40 per kilowatt-hour (kWh).
Addressing this economic barrier is critical for integrating PCM technology into

mainstream building applications and realizing its full energy-saving potential.

Key Findings / Results

To tackle the prohibitive cost of existing PCMs, the U.S. Department of Energy (DOE) has
initiated a collaborative research project with Oak Ridge National Laboratory (ORNL) and
the Georgia Institute of Technology. The primary objective is to develop a stable, low-
cost composite PCM with a target deployment cost of less than $2/kWh, representing a
significant order-of-magnitude reduction from current market offerings. The project

focuses on a two-pronged innovative approach:

¢ Inexpensive Salt Hydrate Basis: The core material for the new composite PCM is
based on abundant and low-cost inorganic salt hydrates. While salt hydrates possess
high latent heat capacities, they are typically plagued by technical challenges such as
supercooling, incongruent melting, phase segregation, and inherently low thermal

conductivity.

¢ Incorporation of Compressible Expanded Natural Graphite (CENG): To mitigate
the low thermal conductivity of salt hydrates and stabilize their phase transitions,
compressible expanded natural graphite (CENG) is integrated into the composite
structure. CENG, known for its high thermal conductivity, acts as a heat transfer
enhancer, facilitating rapid charging and discharging of thermal energy. Furthermore,
the structural framework provided by CENG can help suppress phase segregation and

improve the overall stability of the salt hydrate PCM.



The synergy between low-cost salt hydrates and highly conductive CENG is expected to
yield a robust and economically viable PCM solution. By addressing the critical technical
limitations of salt hydrates through advanced composite formulation, this project aims to
create materials that are both high-performing and affordable for widespread building

integration.

Technical Significance & Outlook

This development of a low-cost composite PCM holds profound technical and economic
significance for the building sector. By drastically lowering the cost barrier, it enables the
broader adoption of thermal energy storage in residential and commercial buildings,
facilitating the transition to more energy-efficient and sustainable infrastructure. The
widespread deployment of these PCMs will help flatten peak electricity demand curves,
reduce overall energy consumption, and lower carbon emissions, thereby contributing to
grid stability and climate change mitigation efforts. Moreover, this innovation has the
potential to stimulate new manufacturing investments and job creation within the
advanced materials sector. Future research will concentrate on rigorous validation
through large-scale demonstration projects, optimizing material compositions for
diverse climate zones, and establishing scalable manufacturing processes to ensure a

seamless transition from laboratory breakthrough to market-ready product.

Source: https://www.energy.gov/cmei/buildings/articles/low-cost-composite-phase-change-material

Collected: May 15, 2026 | Automated Research System (Gemini API)
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Advanced Phase Change Material Fabrics Offer
Dynamic Thermal Regulation for Enhanced Comfort

Published May 07, 2026  Accio  Global
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OVERVIEW

The market for phase change material (PCM) fabrics is experiencing robust growth
driven by continuous innovation, particularly in enhancing performance and
expanding applications. Recent advancements include improved microencapsulation
techniques and specialized solutions like "Xelerate" technology, which integrates
PCMs with thermal conductors. These intelligent textiles actively absorb and release
heat, preventing overheating or chilling, and optimizing microclimate comfort. Key
applications are emerging in high-performance sportswear, medical textiles, bedding,

automotive interiors, and building materials.



| N DEPTH

Background

As demands for comfort and energy efficiency escalate, there's a growing need for
"smart textiles" that can autonomously adapt to environmental conditions and manage
temperature. Phase Change Materials (PCMs), which absorb or release significant latent
heat during their solid-to-liquid and liquid-to-solid phase transitions, enable this
autonomous temperature regulation when incorporated into fabrics. This capability
allows for moderation of body temperature fluctuations for wearers or stabilization of
ambient temperatures in living spaces, offering a level of comfort and energy
management previously unattainable with passive materials. Addressing the limitations
of conventional materials is crucial for enhancing daily comfort and promoting energy

conservation.

Key Findings / Results

The PCM fabric market is experiencing substantial growth, propelled by several

technological innovations:

e Enhanced Microencapsulation Technology: Since PCMs change state to liquid,
direct integration into fibers is not feasible. Microencapsulation, which encloses PCM
in tiny capsules, is essential. Recent advancements have improved capsule durability,
heat exchange efficiency, and fiber bonding. This prevents PCM leakage and
degradation while maintaining the textile's physical properties, ensuring long-lasting

thermal regulation.

¢ Xelerate Technology: This innovative approach dramatically accelerates heat
absorption and dissipation by integrating PCMs with high-performance thermal
conductors. This allows PCMs to respond more quickly to temperature changes and
distribute heat efficiently over a wider area, enhancing thermal buffering and
improving moisture management. The core of Xelerate technology lies in its high
core-to-shell ratio (the proportion of PCM within the capsule) and robust overall

material stability, maximizing PCM performance.



¢ Dynamic Temperature Adaptability: These PCM fabrics don't merely insulate; they
actively absorb and release heat to prevent overheating, reduce perspiration, and
maintain optimal microclimate comfort. For example, during physical activity, as body
temperature rises, the PCM absorbs heat and liquefies, mitigating temperature
increase on the skin. Conversely, in colder environments, the PCM releases heat upon

solidification, providing warmth.

These fabrics offer superior comfort compared to conventional textiles by reacting
proactively to potential overheating or chilling before they occur, providing a predictive

thermal management system.

Technical Significance & Outlook

These technological advancements are dramatically expanding the applications of PCM
fabrics. Currently, PCM fabrics are being integrated into a wide range of sectors,
including high-performance sportswear, medical applications (e.g., temperature-
regulating patient garments, bandages), bedding (providing comfortable sleep
environments), automotive interiors (optimizing cabin temperature), and building
materials (enhancing insulation and reducing energy consumption). In the future, these
"smart textiles" are expected to not only improve user comfort but also significantly
contribute to energy consumption reduction, becoming indispensable components in
achieving a sustainable society. Ongoing research and development efforts are focused
on creating more durable, cost-effective PCM fabrics that function across diverse
environmental conditions, further anticipating market expansion. Challenges include
long-term durability, wash resistance, cost reduction, and improving compatibility with

various PCM materials.

Source: https://www.accio.com/plp/pcm-phase-change-material-fabric
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North Carolina State Engineers Develop Composite
That Self-Heals Over 1,000 Times

Published May 14, 2026  Bored Panda (North Carolina State UniversityffZ24#8/T) USA

I OVERVIEW

Researchers at North Carolina State University have achieved a breakthrough in self-
healing materials, developing a system for fiber-reinforced polymer (FRP) composites
that can repair cracks and structural separations over 1,000 times without
compromising structural integrity. Inspired by biological regeneration, this technology
promises to dramatically extend the lifespan of industrial materials in sectors like
aerospace and automotive, significantly reducing maintenance costs and enhancing
safety. This advancement marks a critical step towards creating materials with

unprecedented durability.
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Background

Fiber-reinforced polymer (FRP) composites are widely utilized in modern industries,
particularly aerospace and automotive, due to their exceptional strength-to-weight
ratios. However, these materials are susceptible to microscopic cracks and structural
delaminations caused by fatigue or external damage, which limit their lifespan and
necessitate expensive maintenance or replacement. Traditional repair methods are often
labor-intensive, time-consuming, and fail to fully restore the material's original
performance. To address these limitations, extensive research has focused on "self-
healing materials" that can autonomously repair damage, drawing inspiration from

nature's regenerative capabilities.

Key Findings / Results

The research team at North Carolina State University has made a monumental
advancement in the field of self-healing materials. They have developed a system
capable of repairing cracks and structural separations in fiber-reinforced polymer
composites more than 1,000 times without compromising the material's overall integrity.

This astounding self-healing capacity is attributed to several key features:

¢ Bio-Inspired Design: The researchers drew inspiration from biological regeneration
processes, where living organisms heal wounds and regenerate damaged tissues. This
approach involves embedding repair agents within the material structure that are
automatically released or activated upon damage, allowing the material to "self-

medicate" and seal the cracks.

¢ High-Frequency and High-Durability Healing: Previous self-healing materials often
faced limitations in the number of repair cycles and the degree of property
restoration after healing. This new technology, however, allows the composite
material to undergo repeated damage and repair cycles while consistently
maintaining its structural and functional integrity, demonstrating significantly

enhanced durability.

e Direct Applicability to Industrial Composites: The developed technology
specifically targets FRP composites, making it directly relevant for a wide range of
industrial applications, including aircraft structures, lightweight automotive

components, wind turbine blades, and civil infrastructure such such as bridges.



The ability to heal over a thousand times represents an exponential improvement over
prior self-healing concepts, which typically managed only a few repair cycles before

fatigue set in.

Technical Significance & Outlook

The introduction of this high-cycle self-healing composite material is poised to
revolutionize various industries. Firstly, by dramatically extending material lifespans, it
will lead to substantial reductions in maintenance and replacement costs. Secondly, the
autonomous repair mechanism will enhance the safety and reliability of critical
components in applications such as aircraft and automobiles, as well as infrastructure.
Furthermore, it offers significant environmental benefits by reducing material waste and
promoting resource efficiency. Future research will involve a deeper elucidation of the
healing mechanisms, comprehensive evaluation of performance under diverse
environmental conditions (e.g., extreme temperatures, humidity, chemical exposure), and
the development of scalable manufacturing processes for mass production. This
technology represents a crucial step towards realizing the long-held dream of "materials
that last indefinitely" and could fundamentally alter how we design and utilize advanced

engineering materials.

Source: https://www.boredpanda.com/recent-scientific-discoveries/
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Advanced Inorganic Salt Hydrate PCMs Revolutionize
Building Thermal Management via Novel Encapsulation

Published May 08, 2026 KE T JLF—%& (Department of Energy) USA

| overview

With DOE support, the University of Massachusetts Lowell is developing a
multipurpose latent heat storage system for buildings, focusing on durable, high-
enthalpy inorganic salt hydrate phase change materials (PCMs). This project aims to
overcome flammability, low energy density, and high cost challenges of organic
PCMs. Innovative encapsulation maximizing PCM loading and enhancing heat
exchange is key, promising significant reduction in building thermal load peaks and

substantial energy efficiency improvements.
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Background

Heating and cooling in buildings account for a substantial portion of global energy
consumption, placing significant strain on electricity grids, particularly during peak
demand periods. To address this challenge, phase change materials (PCMs), capable of
efficiently storing and releasing thermal energy, have garnered attention as a promising
solution for building thermal management. PCMs absorb or release a large amount of
latent heat during phase transition at specific temperatures, thereby stabilizing indoor
temperatures, reducing HVAC (Heating, Ventilation, and Air Conditioning) system
runtime, and optimizing electricity consumption. However, conventional PCMs, especially
organic materials, have faced hurdles such such as flammability, relatively low energy
density, poor thermal conductivity, and high material costs, which have impeded their

widespread adoption.

Key Findings / Results

The U.S. Department of Energy (DOE) has launched a collaborative project, led by the
University of Massachusetts Lowell with partners Insolcorp LLC and 3M Company, to
develop a multipurpose latent heat storage system for building applications. The primary
goal of this project is to overcome the limitations of existing PCMs and provide high-
performance, cost-effective solutions. Specifically, the development focuses on the

following key areas:

e Development of Inorganic Salt Hydrate-Based PCMs: The project emphasizes
PCMs based on inexpensive and abundant inorganic salt hydrates, which possess high
latent heat enthalpy. These materials are designed to operate efficiently within the
typical building temperature range of 5°C to 45°C. As inorganic materials, they

intrinsically resolve the flammability issues associated with organic PCMs.

¢ Innovative Encapsulation Technology: To address inherent drawbacks of salt
hydrate PCMs, such as supercooling, incongruent melting, and phase segregation, the
project is developing advanced encapsulation techniques featuring highly conductive
and impermeable barriers. This encapsulation strategy aims to maximize PCM
loading, facilitate heat exchange efficiency, prevent material leakage, eliminate
corrosion potential, and enhance long-term durability. This ensures that PCMs can be

safely and effectively integrated into building materials and systems.



This comprehensive approach is expected to improve the overall energy storage capacity
and efficiency of the system, offering superior performance compared to traditional

materials.

Technical Significance & Outlook

The development of this multipurpose latent heat storage system represents a significant
contribution to enhancing energy efficiency in the building sector and advancing
sustainable societal goals. By mitigating and shifting thermal load peaks, it will
contribute to grid stabilization and facilitate the integration of renewable energy sources.
Furthermore, by shortening the system's payback period, it will accelerate the adoption
of PCM technology in a broader range of buildings, from commercial properties to
residential homes. In the future, this technology is envisioned to become a core
component of smart buildings, improving occupant comfort while simultaneously
reducing energy consumption and operational costs. Ongoing challenges include long-
term demonstration testing of the developed materials and encapsulation technologies,
scaling up manufacturing processes, and validating performance under diverse climatic

conditions to further optimize for practical implementation.

Source: https://www.energy.gov/cmei/buildings/articles/multipurpose-latent-heat-storage-system-

building-applications
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Pyroelectric vs. Thermoelectric: A Comparative Analysis

of Energy Conversion Efficiency

Published May 13, 2026  PatSnap Eureka Global

Eureka
by patsnhap

| overview

A technical analysis compares the energy conversion efficiencies of pyroelectric and
thermoelectric materials, pivotal for optimizing energy harvesting systems across
applications from wearables to industrial waste heat recovery. Thermoelectric systems
operate under steady temperature gradients, whereas pyroelectric systems require
temperature fluctuations. Commercial thermoelectric materials currently exhibit ZT
values below 3, and both technologies suffer 20-40% efficiency losses due to interface
resistance and contact losses, underscoring critical areas for future material

innovation.
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Background

In the global pursuit of increasing energy demand and transitioning away from fossil fuel
dependence, there is growing anticipation for "energy harvesting" technologies that can
efficiently convert abundant, untapped thermal energy in the environment into
electricity. Pyroelectric and thermoelectric materials, which generate electricity from
temperature gradients or fluctuations, have garnered significant attention as
groundbreaking functional materials with a wide range of applications, from wearable
devices to large-scale industrial waste heat recovery. While these technologies are crucial
for realizing sustainable energy solutions, there are fundamental differences and room

for optimization in their material properties and energy conversion efficiencies.

Key Findings / Results

A technical analysis published by PatSnap Eureka provides a comparative overview of the
energy conversion efficiencies of pyroelectric and thermoelectric materials, detailing

their respective characteristics and current technical challenges.

e Comparison of Operating Principles:

o Thermoelectric Systems: Primarily utilize the Seebeck effect, where a steady
temperature difference (temperature gradient) across the material causes charge
carriers (electrons or holes) to move, generating a voltage. Bismuth telluride alloys,
for example, exhibit ZT values of approximately 1.2-1.5 at room temperature,
achieving conversion efficiencies of 8-12%. Thermoelectric modules are well-suited

for recovering stable electricity from industrial waste heat.

o Pyroelectric Systems: Generate charge as a result of a "change" in temperature,
which alters their spontaneous polarization. This means that they require heating
and cooling cycles rather than a steady temperature difference. This property
makes pyroelectric materials suitable for sensors that detect temperature

fluctuations or for energy harvesting in more dynamic thermal environments.



o Efficiency Challenges and Current Status:

o ZT Values of Thermoelectric Materials: The figure of merit for thermoelectric
performance, the dimensionless ZT value, is determined by the balance of
electrical conductivity, thermal conductivity, and the Seebeck coefficient of the
material. Commercial thermoelectric materials currently have ZT values below 3,
and further improvements are needed for practical applications. This challenge
arises from the difficulty in simultaneously achieving high electrical conductivity

and low thermal conductivity, which are often contradictory properties.

o System-Level Losses: For both pyroelectric and thermoelectric systems, device-
level efficiency is not only limited by the intrinsic conversion efficiency of the
materials but also significantly reduced by interface resistance (contact resistance
between different materials) and contact losses. These losses can decrease the
overall energy conversion efficiency of a system by 20-40%, highlighting the

critical need for optimizing device design and integration technologies.

The analysis underscores the importance of ongoing materials science innovations to
push ZT values higher, alongside advancements in device integration to minimize
interface losses. Current commercial thermoelectric materials like bismuth telluride have
ZT values of approximately 1.2-1.5 at room temperature, yielding 8-12% conversion

efficiency, but the overall system performance is heavily impacted by external resistance.

Technical Significance & Outlook

This analysis provides crucial insights for strategic material selection and technology
development in the renewable energy sector. Pyroelectric and thermoelectric materials
should be optimized for different heat sources and application scenarios, and
understanding their specific characteristics is essential for designing the most efficient
and sustainable energy harvesting systems. In the future, advancements in materials
science are expected to improve the ZT values of thermoelectric materials, and
innovations in device integration technologies will minimize interface losses, further
enhancing the commercial viability of both technologies. Specifically, the development
of low-cost, high-performance materials, control of thermal conductivity through
nanostructuring, and the introduction of composite or hybrid systems are considered key
directions for next-generation energy harvesting research and development. This will
allow for efficient recovery of clean electricity from various untapped heat sources,

contributing significantly to energy sustainability.



Source: https://eureka.patsnap.com/report-pyroelectric-materials-vs-thermoelectrics-energy-conversion-

efficiency

Collected: May 15, 2026 | Automated Research System (Gemini API)


https://eureka.patsnap.com/report-pyroelectric-materials-vs-thermoelectrics-energy-conversion-efficiency
https://eureka.patsnap.com/report-pyroelectric-materials-vs-thermoelectrics-energy-conversion-efficiency

High-Entropy Alloy Nanomaterials: A Promising
Platform for Electrocatalytic Multi-Electron Transfer
Reactions

Published May 11, 2026  ACS Publications (ACS Nano)  China

| overview

High-entropy alloy (HEA) nanomaterials are emerging as a promising platform for
electrocatalytic multi-electron transfer reactions, offering solutions to the low
selectivity, instability, and high cost associated with conventional catalysts.
Researchers at City University of Hong Kong highlight how the diverse local atomic
environments, tunable electronic structures, and enhanced structural stability of HEA
nanomaterials enable flexible control over complex reaction pathways. This review
details how compositional complexity, morphological control, and local electronic
modulation dictate catalytic activity, selectivity, and durability, paving the way for

applications in clean energy conversion and value-added chemical synthesis.



| N DEPTH

Background

The development of efficient and durable electrocatalysts is paramount for advanced
clean energy conversion technologies and sustainable chemical processes in modern
society. Conventional single- or binary-metal catalysts often suffer from limitations such
as low selectivity for specific reactions, instability under harsh acidic or alkaline
conditions, or the requirement for large quantities of expensive noble metals. Multi-
electron transfer reactions, in particular, including the oxygen reduction reaction (ORR),
hydrogen evolution reaction (HER), carbon dioxide reduction reaction (CO2RR), and
nitrate reduction reaction (NORR), involve complex reaction pathways and intermediate
species. Thus, there is an urgent need for novel catalytic materials that can drive these

reactions efficiently and selectively.

Key Findings / Results

Researchers at City University of Hong Kong emphasize that high-entropy alloy (HEA)
nanomaterials present an exceptionally promising platform for overcoming the
limitations of conventional catalysts in electrocatalytic multi-electron transfer reactions.
HEAs, by incorporating five or more elements in near-equimolar ratios, exhibit unique
properties not found in traditional alloys, such as the 'cocktail effect,' lattice distortion
effect, high-entropy effect, and sluggish diffusion effect. This review discusses how the
following characteristics of HEA nanomaterials are poised to revolutionize catalytic

design for multi-electron transfer reactions:

¢ Diverse Local Atomic Environments: The presence of numerous elements creates a
rich array of atomic sites on the catalyst surface, allowing for fine-tuning of binding
energies for various reaction intermediates. This is critical for enhancing the selectivity

of specific reaction pathways.

¢ Tunable Electronic Structures: The combination of different elements enables the
modulation of the overall electronic band structure of the alloy, optimizing the
electronic state of the catalytic active sites. This strengthens interactions with

reactants and intermediates, thereby increasing reaction rates.



e Enhanced Structural Stability: The high-entropy effect confers high thermodynamic
stability to HEAs, suppressing the degradation of the catalyst structure even under
severe reaction conditions, such as strong acids or bases. This significantly improves

catalyst durability.

The review provides a detailed account of how synthesis strategies, morphological
control, and local electronic modulation precisely determine the activity, selectivity, and
durability of HEA catalysts. It highlights that nanostructuring further enhances catalytic

performance by increasing surface area and facilitating access to active sites.

Technical Significance & Outlook

The electrocatalytic application of HEA nanomaterials holds the potential to revolutionize
clean energy conversion technologies and sustainable chemical processes. Their vast
application scope includes highly efficient ORR catalysts for fuel cells, HER catalysts for
green hydrogen production via water electrolysis, CO2RR for converting carbon dioxide
into valuable chemicals (e.g., CO, methanol), and low-environmental-impact ammonia
synthesis through nitrate reduction. Advancements in this field are crucial for realizing
more efficient, sustainable, and cost-effective energy systems and chemical industries.
However, key research challenges remain, including the precise synthesis of nanoscale
HEAs, scalability to industrial production, and further validation of long-term stability
under real-world conditions. This comprehensive review provides a robust foundation for
future HEA nanomaterial catalyst design, drawing significant attention from both

academia and industry.

Source: https://pubs.acs.org/doi/abs/10.1021/acsnano.6c04801
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MXene-Polymer Hybrid Coating Boosts Neural Sensor
Performance for Brain Disorder Research

Published May 07, 2026  Louisiana Tech University ~ USA

II\

| overview

Louisiana Tech University researchers have developed a breakthrough nanomaterial-
based coating, combining MXene and conductive polymers, that dramatically
enhances the performance of flexible neural sensors. This sensor can simultaneously
detect key brain chemicals like dopamine and serotonin, alongside electrical activity,
with high sensitivity and in real-time. This innovation is set to accelerate brain
disorder research for conditions such as depression, Parkinson's disease, and

addiction, paving the way for advanced diagnostics and therapies.
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Background

Brain disorders such as depression, Parkinson's disease, and addiction affect millions
globally, making the understanding of their mechanisms and the development of
effective treatments one of the most critical challenges in medical research. To decipher
the complex functions and pathological states of the brain, technologies capable of
simultaneously, sensitively, and in real-time monitoring both electrical signals of neural
activity and chemical signals of neurotransmitters like dopamine and serotonin are
essential. However, existing brain sensor technologies have faced limitations in detection
sensitivity, biocompatibility, long-term stability, and especially in maintaining

electrochemical properties in flexible form factors.

Key Findings / Results

To overcome these challenges, the research team at Louisiana Tech University has
developed an innovative nanomaterial-based coating technology. This technology
dramatically enhances the performance of implantable flexible neural sensors by cleverly

combining MXene, a 2D transition metal carbide, with conductive polymers:

¢ Integration of MXene and Conductive Polymers: MXene possesses excellent
electrical conductivity and a large surface area, which are beneficial for interacting
with biomolecules. By combining MXene with flexible, biocompatible conductive
polymers, the electrochemical sensitivity and stability of the sensor are significantly

improved.

¢ Simultaneous Detection of Electrical and Chemical Signals: The developed sensor
has the groundbreaking ability to simultaneously detect electrical signals associated
with neural activity and chemical signals of key brain neurotransmitters (such as
dopamine, serotonin, acetylcholine, and glutamate) at extremely low levels. This
enables a more comprehensive understanding of the brain's dynamic information

processing.

e Enhanced Sensitivity, Clarity, and Long-Term Stability: The nanomaterial-based
coating improves signal clarity and reduces noise, offering high fidelity in
measurements. Furthermore, it allows for long-term stable monitoring in biological
environments (humid conditions and physiological temperatures), increasing

reliability for animal models and future clinical applications.



This technology, published in the esteemed journal "Advanced Functional Materials," has
received international recognition for its scientific and technical merit. The collaborative
research includes contributions from Tulane University, LSU Health Shreveport, and the

University of Genoa (Italy), showcasing a multidisciplinary expert effort.

Technical Significance & Outlook

This breakthrough in flexible neural sensor technology holds the potential to
revolutionize the field of brain disorder research. The ability to map electrochemical
events in the brain with real-time detail will accelerate the elucidation of underlying
causes for neurological and psychiatric disorders like depression, Parkinson's,
Alzheimer's, epilepsy, and drug addiction, as well as the development of more targeted
therapeutic approaches. In the future, this technology could contribute to the
advancement of personalized medicine, enabling the creation of treatment strategies

tailored to individual brain activity patterns.

Beyond medical applications, this nanomaterial-based coating technology is also
expected to find use in other flexible electronic devices, such as electronic skins, soft
robotics, and wearable sensors. However, for practical implementation, further detailed
validation regarding long-term biocompatibility, immune response, and biodegradability
in vivo, as well as optimization of manufacturing processes for scalability and cost-
efficiency, are necessary. Addressing ethical considerations related to brain implantation

will also be a crucial aspect of future development.

Source: https://www.latech.edu/news/coes-professor-contributes-to-breakthrough-technology-

advancing-brain-disorder-research.php
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FeCoNiCuPt High-Entropy Alloy Boosts Photocatalytic
Hydrogen Production 98-Fold on Graphitic Carbon
Nitride

Published 2026-05 PubMed (Advanced Science) China

| overview

Researchers at Shandong University of Science and Technology have developed a
novel composite material featuring FeCoNiCuPt high-entropy alloy (HEA) cocatalysts
supported on protonated graphitic carbon nitride (HCN NSs) nanosheets, achieving a
remarkable 98.35-fold enhancement in photocatalytic hydrogen production. This
HEA/HCN composite recorded an impressive 3.23% Apparent Quantum Efficiency
(AQE) at 370 nm. The HEA cocatalyst introduces additional active sites and forms
Schottky junctions, accelerating electron transport and suppressing recombination of
photogenerated carriers, marking a significant contribution to clean hydrogen energy

production.
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Background

In the urgent transition towards sustainable energy sources, photocatalytic water
splitting for hydrogen production using solar energy has garnered immense attention as
an environmentally friendly and renewable method for energy generation. Graphitic
carbon nitride (g-C3N4) is a widely studied and promising photocatalyst due to its
suitable bandgap, stability, and low cost. However, pristine g-C3N4 suffers from a high
recombination rate of photogenerated electrons and holes, leading to low photocatalytic
activity. To enhance its efficiency, the introduction of cocatalysts and optimization of

electron transport pathways are essential.

Key Findings / Results

The research team at Shandong University of Science and Technology has developed an
innovative hybrid photocatalytic system to address these challenges. They fabricated a
composite material by depositing FeCoNiCuPt high-entropy alloy (HEA) nanoparticles
onto protonated graphitic carbon nitride nanosheets (HCN NSs) using an electrostatic
self-assembly method. This HEA/HCN composite demonstrated remarkable

enhancements in hydrogen evolution during photocatalytic water splitting:

e Dramatic Enhancement in Hydrogen Evolution Rate: The optimized HEA/HCN
composite achieved an outstanding hydrogen evolution rate of 1672 pmol-h™-g™’,
representing a 98.35-fold improvement compared to pristine HCN. This significantly

boosts the efficiency of photocatalytic hydrogen generation.

e High Apparent Quantum Efficiency (AQE): The apparent quantum efficiency (AQE)
reached 3.23% under 370 nm light irradiation, indicating a highly efficient conversion

of light energy.

¢ Elucidation of Mechanism: Detailed analysis revealed that the HEA cocatalyst
promotes photocatalytic activity through two primary mechanisms. Firstly, the HEA
provides additional active sites on the HCN NSs surface, enhancing the catalytic
efficiency of the water splitting reaction. Secondly, the formation of an efficient
Schottky junction between the HEA and HCN NSs accelerates the transfer of
photogenerated electrons from HCN NSs to HEA, drastically suppressing the

recombination of electrons and holes.



The unique electronic structure and stability afforded by the multi-element composition

of HEA are believed to contribute significantly to this high catalytic performance.

Technical Significance & Outlook

This research outcome makes a substantial contribution to the practical implementation
of clean hydrogen production technology using solar energy. Highly efficient
photocatalytic hydrogen generation is a crucial step in establishing hydrogen's role as a
renewable energy source and accelerating the transition away from fossil fuel-dependent
energy systems. Particularly, this novel approach of utilizing high-entropy alloys as
cocatalysts opens new avenues for designing more active and stable photocatalytic

materials.

Future challenges include further optimizing the composition of the HEA and the
interfacial structure with HCN NSs, detailed evaluation of long-term durability, and
ensuring cost-effectiveness and reproducibility in large-scale production. If this
technology can be realized on a commercial scale, it will become an indispensable

component for building a hydrogen energy infrastructure towards a sustainable society.

Source: https://pubmed.ncbi.nlm.nih.gov/41769911/
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Advanced Materials Drive High-Efficiency High-
Temperature Water Electrolysis for Clean Hydrogen

Production

Published May 08, 2026 KE T =JLF—% (Department of Energy) USA

| overview

The U.S. Department of Energy (DOE) is advancing a project to develop cutting-edge
electrode and solid electrolyte materials for high-temperature water electrolysis using
solid oxide electrolysis cells (SOECs), a highly efficient and cost-effective method for
clean hydrogen production from renewables. The initiative focuses on evaluating and
optimizing electrolyte and electrode materials, modifying electrode surfaces with
nanostructured catalysts, and scaling up cell manufacturing with roll-to-roll and
additive manufacturing techniques. This aims to extend system lifespan and

significantly reduce hydrogen production costs.
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Background

In response to climate change and the imperative to reduce reliance on fossil fuels,
hydrogen is increasingly recognized as a crucial clean energy carrier. Hydrogen
production through water electrolysis, particularly when coupled with renewable energy
sources, can become a core technology for building a sustainable hydrogen economy.
High-temperature water electrolysis using solid oxide electrolysis cells (SOECs) is
thermodynamically advantageous (requiring less energy to split steam than liquid water)
and kinetically favorable, offering a highly efficient and cost-effective process for
hydrogen production. However, the commercialization of SOECs still faces challenges
related to the performance, durability, and manufacturing costs of their electrolyte and

electrode materials.

Key Findings / Results

To overcome these challenges and enable distributed, small-scale hydrogen generation
from renewable energy sources, the U.S. Department of Energy (DOE) is driving a project
to develop advanced electrode and solid electrolyte materials for high-temperature

water electrolysis. The project focuses on the following key areas:

¢ Evaluation and Development of Electrode and Solid Electrolyte Materials: The
project concentrates on evaluating and developing advanced electrolyte materials for
both proton-conducting SOECs (p-SOECs) and oxygen-ion-conducting SOECs (o-
SOECs). Candidate materials include doped barium zirconate perovskite electrolytes,

which are sought for their high ionic conductivity and chemical stability.

e Optimization of Electrode Microstructure and Surface Modification: To enhance
the catalytic activity and stability of the electrodes, their microstructure is being
optimized. Furthermore, existing electrode surfaces are being modified with more
active and robust nanostructured catalysts (e.g., high-entropy alloys or perovskite

oxides) to increase the number of catalytic reaction sites and accelerate reaction rates.



¢ Innovation in Manufacturing Technologies and Scale-up: With an eye towards
practical implementation, cell scale-up technologies up to 20x20 cm? are being
developed. This includes roll-to-roll (R2R) manufacturing processes for low-cost,
high-efficiency production, as well as solid oxide additive manufacturing techniques
for precisely constructing complex electrode structures. These technologies are crucial

for future mass production and cost reduction.

Through these efforts, the project aims to extend the lifespan of SOEC systems and

achieve an overall reduction in the cost of hydrogen production.

Technical Significance & Outlook

The success of this project will accelerate the commercialization of clean hydrogen
production and significantly contribute to the expansion of renewable energy utilization
and enhancement of energy security. In particular, the realization of distributed, small-
scale hydrogen generation will enable on-site hydrogen supply, which is critical for
flexible and economic development of hydrogen infrastructure. This technology can
promote hydrogen fueling stations and industrial hydrogen utilization in regions with

abundant renewable energy, contributing to local energy independence.

Future challenges include further validation of the long-term reliability and durability of
the developed materials and manufacturing processes, ensuring cost-effectiveness and
reproducibility in large-scale production, and further improving electrolysis efficiency

and stability. Nevertheless, this research lays an important technological foundation for

achieving a sustainable hydrogen society and is attracting significant global attention.

Source: https://www.energy.gov/cmei/h2awsm/advanced-electrode-and-solid-electrolyte-materials-
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Metamaterial MRI Antennas Achieve Ultra-Clear Eye
and Brain Imaging, Boost Diagnostics

Published May 12, 2026  SciTechDaily (Max Delbriick Centerfff354871) Germany

| overview

Researchers at the Max Delbriick Center and Rostock University Medical Center have
developed a breakthrough MRI antenna incorporating metamaterials, enabling
stunningly clear and faster imaging of the eye and brain. This novel antenna
efficiently guides electromagnetic waves, improving spatial resolution, image clarity,
and significantly reducing scan times. Compatible with existing MRI systems, this
technology promises to enhance diagnostic accuracy and patient comfort, marking a

significant step forward in medical imaging.
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Background

Magnetic Resonance Imaging (MRI) is a powerful diagnostic tool that provides high-
resolution, non-invasive visualization of soft tissues in the human body. It is
indispensable for diagnosing pathologies in complex and delicate structures like the
eyes, orbits, and brain. However, conventional MRI systems have faced challenges in
efficiently collecting weak signals from deep tissues or anatomically complex regions.
These issues include a lack of radiofrequency (RF) signal homogeneity and long scan
times, which can be burdensome for patients. Faster and sharper images are essential for
improving diagnostic accuracy and opening new avenues for applications such such as

metabolic imaging and drug tracking.

Key Findings / Results

Researchers at the Max Delbriick Center and Rostock University Medical Center have
revolutionized MRI technology by developing a metamaterial-based MRI antenna. This
groundbreaking technology harnesses the unique properties of metamaterials, artificially
engineered structures capable of manipulating electromagnetic waves in unprecedented

ways:

e Direct Metamaterial Integration: The new approach involves directly integrating
metamaterials into the RF coils (antennas) of MRI devices. This allows for more
efficient guidance and capture of radiofrequency signals from target tissues, a task

that has been challenging with conventional coils.

¢ Signal Enhancement and Image Quality Improvement: Metamaterials enable the
localization and enhancement of electromagnetic waves in specific frequency bands,
significantly boosting the MRI signal from regions of interest such as the eyes and
brain. This signal enhancement leads to improved spatial resolution and image clarity,

allowing for more detailed visualization of pathologies.

e Reduced Scan Times: With more efficient signal collection, the necessary data can be
acquired in less time, significantly reducing patient scan durations. This not only
enhances patient comfort but also improves the operational efficiency of MRI

facilities.



e Compatibility with Existing Systems: The developed metamaterial antenna is fully
compatible with existing MRI scanner infrastructure, meaning that its benefits can be
realized by upgrading current systems without the need for investing in expensive
new MRI machines. The research team has demonstrated its effectiveness in imaging

the eyes and orbital regions using a 7.0 Tesla MRI system.

The innovation allows for significantly clearer images to be obtained 10-20% faster,
improving diagnostic throughput and patient experience. This has been validated on a

7.0 Tesla MRI scanner, with potential for broader applications.

Technical Significance & Outlook

This breakthrough in metamaterial-based MRI antennas has the potential to profoundly
transform the future of medical imaging. Clinicians will gain access to unprecedentedly
detailed and clear images, enabling earlier detection of minute pathologies and more
accurate assessment of disease states. This directly translates to improved diagnostic
accuracy and optimized treatment planning across various medical fields, including

neuroscience, ophthalmology, and oncology.

Furthermore, reduced scan times alleviate the burden of MRI examinations, especially for
pediatric patients or those with claustrophobia, and expand access to a wider patient
demographic. Future prospects include optimizing the design of this metamaterial
technology for application in other organs and full-body MRI scans. Advanced functional
imaging, such as metabolic imaging and drug kinetics tracking, is also anticipated. This
technology represents a crucial milestone in the evolution of next-generation MRI
technology, promising immeasurable value to both medical research and clinical

diagnostics.

Source: https://scitechdaily.com/new-mri-breakthrough-captures-stunningly-clear-images-of-the-eye-

and-brain/
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Taiwan-Australia Team Unveils High-Efficiency Cu-Co-N
Electrocatalyst for Ammonia Extraction from
Wastewater

Published May 14, 2026  Taipei Times (EIR[E*F e FAZTH.OMMZEAEIMT)  Taiwan

| overview

A joint research team from Taiwan's National Synchrotron Radiation Research Center
and Australia's Curtin University has achieved an industrial breakthrough by
developing an innovative copper-cobalt-nitrogen (CuNCo3) composite film
electrocatalyst for efficient ammonia extraction from industrial wastewater. This novel
catalyst leverages a unique 3D electron exchange mechanism between copper and
cobalt to stabilize catalytic binding sites, achieving 100% production efficiency,
significantly accelerated processing, and long-term reaction stability. This
advancement overcomes limitations of conventional nitrate reduction techniques,

contributing to reduced environmental impact and green ammonia production.
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Background

The removal of nitrates from industrial wastewater and the recovery of ammonia are
pressing challenges from both environmental protection and resource circulation
perspectives. Nitrates are a major cause of water pollution, and their removal typically
involves energy-intensive and costly processes. Furthermore, ammonia is an essential
raw material for fertilizers and chemicals, but conventional ammonia synthesis via the
Haber-Bosch process consumes vast amounts of energy and generates significant CO2
emissions. Consequently, there is a strong demand for technologies that can more
environmentally friendly and sustainably reduce nitrates from wastewater while

simultaneously recovering valuable ammonia.

Key Findings / Results

A collaborative research team from Taiwan's National Synchrotron Radiation Research
Center and Australia's Curtin University has presented a groundbreaking solution to this
critical challenge. They have invented a new electrocatalyst based on a copper-cobalt-
nitrogen (CuNCo3) composite film, enabling high-efficiency ammonia extraction from

industrial wastewater.
The main features and mechanisms of this novel catalyst are as follows:

¢ Innovative Material Composition: The composite film, combining copper, cobalt,
and nitrogen in specific ratios, provides excellent catalytic activity and selectivity for

the nitrate reduction reaction.

¢ Three-Dimensional Electron Exchange Mechanism: This catalyst exhibits a unique
three-dimensional electron exchange mechanism between copper and cobalt atoms.
This interaction effectively stabilizes the catalytic binding sites of cobalt, suppressing
catalyst degradation during the reaction. Stable catalytic sites significantly improve

reaction efficiency and durability.

e Exceptional Performance: The developed catalyst achieved an astounding 100%
production efficiency in the nitrate reduction process. Furthermore, it demonstrated
significantly accelerated reaction rates and maintained stable performance over long
periods. This overcomes the efficiency and stability limitations of conventional

technologies.



This research utilized advanced synchrotron radiation techniques to thoroughly analyze
the atomic-level structure and electronic states of the material, enabling a deep
understanding of the catalyst's operating mechanism. This understanding directly

contributed to optimizing the material design.

Technical Significance & Outlook

The discovery of this copper-cobalt-nitrogen composite film electrocatalyst is poised to
bring about a transformative "industrial breakthrough" in industrial wastewater
treatment and the chemical industry. Firstly, the efficient recovery of nitrates and
ammonia from wastewater directly contributes to environmental protection by
mitigating water pollution. Secondly, this technology opens the door for greener and
more sustainable ammonia production methods, offering an alternative to the energy-
intensive Haber-Bosch process. This is expected to significantly reduce carbon emissions
from chemical processes related to fuel, energy, and fertilizer production, thereby

contributing to climate change mitigation.

In the future, large-scale demonstration projects will be necessary to evaluate the
economic viability and applicability of this technology to diverse wastewater
compositions. Further optimization of the catalyst and the establishment of mass
production techniques are also crucial. This research will attract international attention as
a significant step in the integration of chemical processes and environmental technology

towards achieving a sustainable society.

Source: https://www.taipeitimes.com/News/taiwan/archives/2026/05/14/2003857320

Collected: May 15, 2026 | Automated Research System (Gemini API)


https://www.taipeitimes.com/News/taiwan/archives/2026/05/14/2003857320

Nanogenerators Revolutionize Self-Powered
Healthcare: Biomedical Frontiers Report

Published May 07, 2026  PubMed Central  Global
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| overview

Nanogenerators are poised to revolutionize self-powered healthcare systems by
efficiently harvesting biomechanical energy. Piezoelectric (PENG) and triboelectric
(TENG) nanogenerators convert ambient vibrations and body movements into
electricity, supporting applications from implantable medical scaffolds to wearable
health monitors. While materials like PVDF show promise due to flexibility and
biocompatibility, their low output displacement remains a challenge, necessitating

further material science innovations to unlock full potential.
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Background

Modern medical technology has made remarkable strides in disease diagnosis,
treatment, and prevention. However, many medical devices, particularly implantable and
wearable ones, still rely on external batteries for power. These batteries have limited
lifespans, require replacement, or pose constraints on miniaturization and flexibility.
Consequently, there is significant interest in "energy harvesting" technologies that can
collect bio-derived energy—such as movement, vibration, and temperature changes
from within or outside the human body—to self-power devices. This capability is seen as
a key to revolutionizing next-generation healthcare systems, offering solutions that

enhance convenience and reduce intervention.

Key Findings / Results

This review elaborates on how nanogenerators, particularly those based on piezoelectric
and triboelectric mechanisms, hold the potential to revolutionize self-powered
healthcare systems in the biomedical frontier. These nanogenerators possess the

following characteristics:

¢ Piezoelectric Nanogenerators (PENGs): Piezoelectric materials have the property
(piezoelectric effect) of generating an electrical charge when subjected to mechanical
stress or vibration. PENGs can convert various forms of biomechanical energy, such as
heartbeats, blood vessel pulsations, muscle movements, and breathing, into electrical
energy. These materials typically exhibit rapid responses and high electromechanical
coupling efficiency.

e Triboelectric Nanogenerators (TENGs): The triboelectric effect involves charge
transfer and subsequent power generation via electrostatic induction when different
materials come into contact and separate. TENGs excel at collecting power from a
wide range of mechanical energy sources, including body movements and minute

external vibrations.



e Key Materials and Challenges: Piezoelectric polymers like polyvinylidene fluoride
(PVDF) are considered promising candidate materials for PENGs due to their
flexibility, excellent biocompatibility, and relatively easy manufacturing processes.
However, PVDF-based devices face the challenge of low output displacement due to
their inherent properties. Further innovation in material science and optimization of
structural design are needed to provide stronger power generation and haptic
feedback.

These nanogenerators hold potential for applications in implantable medical scaffolds
(providing power while supporting tissue regeneration), wearable health monitors
(continuous physiological monitoring), therapeutic patches (self-powered drug delivery),

and various other self-powered electronic devices.

Technical Significance & Outlook

Advances in nanogenerator technology will have a profound impact on the healthcare
sector. By enabling devices to autonomously power themselves, the need for battery
replacement or recharging is eliminated, enhancing patient convenience and reducing
surgical risks. Continuous monitoring capabilities will contribute to early disease
detection, the advancement of personalized medicine, and improved quality of life.
Furthermore, their application in ultra-low power wearable sensors and loT devices will

accelerate the construction of smart healthcare infrastructure.

Future research must focus on further improving the energy conversion efficiency of
PENGs and TENGs, particularly in developing new material designs and nanostructuring
techniques to overcome the limitations of output displacement and vibrational force in
materials like PVDF. Long-term evaluation of biocompatibility, stability, and reduction of
manufacturing costs are also crucial challenges. If these challenges are addressed,
nanogenerators have the potential to become the foundation of sustainable and

intelligent next-generation healthcare systems.

Source: https://pmc.ncbi.nlm.nih.gov/articles/PMC12947049/

Collected: May 15, 2026 | Automated Research System (Gemini API)


https://pmc.ncbi.nlm.nih.gov/articles/PMC12947049/

Synergistic Layered Coatings Offer Multifunctional
Textile Performance: Strong Adhesion, Flame
Retardancy, Hydrophobicity, and Recyclability

Published May 11, 2026 ~ ACS Publications (ACS Applied Materials & Interfaces) USA

| overview

An innovative multilayer coating offering strong adhesion, flame retardancy,
hydrophobicity, mechanical durability, and recyclability for textile materials has been
developed. Leveraging side-chain cation-Tt interactions, researchers crafted
PMPC/PMEDP coatings on cotton substrates. This transparent bilayer coating
achieved a high limiting oxygen index (LOI) of 32.0% and rapid self-extinguishing
behavior, maintaining performance after 500 abrasion cycles. This breakthrough

paves the way for next-generation high-performance and fire-safe materials.
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Background

Textile materials are utilized across a vast range of applications, from clothing and
furniture to automotive and aerospace sectors. These materials are required to possess
diverse functionalities, including safety (flame retardancy), durability (abrasion resistance,
strong adhesion), comfort (breathability, flexibility), and environmental considerations
(recyclability). However, conventional coating technologies have struggled to impart
these often-conflicting functionalities simultaneously and efficiently. Particularly,
attempts to enhance flame retardancy often compromise fabric flexibility or increase
environmental burden. Therefore, there has been a strong demand for new coating
technologies that can exhibit multiple advanced functions with a single material while

being environmentally friendly.

Key Findings / Results

To meet these complex demands, this research developed a novel multilayer coating
system based on an innovative side-chain functional group synergy strategy, leveraging
side-chain cation-Tt interactions. Specifically, a bilayer coating combining the polycation
PMPC (poly[2-(methacryloyloxy)ethyltrimethylammonium chloride]) with PMEDP (poly|[2-
(methacryloyloxy)ethylphenylphosphonic acid]), which contains phosphorus, nitrogen,
and aromatic groups, was fabricated on a cotton substrate. This transparent bilayer

coating simultaneously achieves the following outstanding performances:

e Strong Adhesion and Mechanical Durability: The side-chain cation-t interactions
ensure strong adhesion between the coating layers and excellent adherence to the
substrate. This prevents coating delamination even after 500 cycles of abrasion

friction, significantly enhancing the mechanical durability of the fabric.

¢ Highly Efficient Flame Retardancy: The P/N/aromatic combined composition
exhibits an efficient char-forming effect during thermal decomposition. This results in
a high Limiting Oxygen Index (LOI) of 32.0% and rapid self-extinguishing behavior
upon removal from a flame source. This LOI value is a high level that meets many

flame retardancy standards.

e Excellent Hydrophobicity: The micro-structure and composition of the coating
surface collectively impart excellent hydrophobicity (sufficient waterproofing, though

not superhydrophobicity), preventing functional degradation due to water contact.



e Recyclability and Breathability: This coating system is designed to be recyclable,
considering environmental impact. It maintains the inherent breathability and

moisture permeability of the fabric, ensuring comfortable wear without compromise.

These functions have often been in a trade-off relationship with conventional materials,
making their simultaneous achievement in a single system a groundbreaking

advancement.

Technical Significance & Outlook

This multilayer coating technology, utilizing side-chain cation-Tt interactions, opens new
avenues for the development of next-generation high-performance and fire-safe
materials. Its application scope is incredibly broad, ranging from seats and interior
materials in the stringent aerospace sector, protective gear for military and firefighting,
medical textiles, to everyday apparel and household textile products. This technology not
only enhances product safety and functionality but also contributes to resource
conservation through extended product lifespan and reduced environmental footprint

via recyclable design.

Future challenges include the applicability to large-scale manufacturing processes,
compatibility assessment with more diverse textile materials (e.g., synthetic fibers and
blends), and detailed evaluation of long-term environmental impacts. Nevertheless, this
research presents a new paradigm in functional material design and is expected to drive

essential material innovations for a sustainable and safe society.

Source: https://pubs.acs.org/doi/10.1021/acsami.6c04780
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MIT Pioneers Nanoporous Silicon for High-Efficiency
Thermoelectric Conversion, Targeting ZT>3

Published Date unknown  MIT (Massachusetts Institute of Technology) USA
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| overview

MIT researchers are exploring nanoporous silicon (nanoporous Si) as a high-efficiency
thermoelectric material, crucial for eco-friendly technologies like waste heat recovery
and solid-state refrigeration. Their numerical simulations demonstrate that silicon
with nanometer-sized periodic cylindrical pores can dramatically reduce thermal
conductivity to 1/300th of bulk silicon, primarily due to increased phonon scattering.
This ultra-low thermal conductivity makes nanoporous Si a highly attractive candidate

for achieving thermoelectric figures of merit (ZT) greater than 3.
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Background

Thermoelectric materials, capable of directly interconverting thermal and electrical
energy, are unique functional materials with diverse applications. For instance, they can
enhance energy efficiency by converting waste heat from industrial processes or
automobiles into electricity, or enable environmentally friendly solid-state refrigerators
and localized cooling devices without using refrigerants like CFCs. These technologies
hold the potential to contribute significantly to building a sustainable society and
resolving energy issues. However, the dimensionless figure of merit (ZT value), which
quantifies thermoelectric performance, remains insufficient for current bulk materials,
necessitating substantial improvements for practical implementation. A major challenge
lies in simultaneously achieving high electrical conductivity and low thermal conductivity,

which are often contradictory properties.

Key Findings / Results

To address the challenge of improving thermoelectric ZT values, researchers at the
Massachusetts Institute of Technology (MIT) are focusing on a nanostructuring approach,
specifically exploring the potential of nanoporous silicon (nanoporous Si). The core

aspects of their research are as follows:

e Design of Nanoporous Structures: The research team proposes a structure where
nanometer-sized cylindrical pores are periodically arranged within a silicon substrate.
This precisely designed nanostructure significantly influences the behavior of

phonons, the primary carriers of heat conduction.

e Dramatic Reduction in Thermal Conductivity: Numerical simulations have shown
that the thermal conductivity of this nanoporous silicon can be reduced by up to 300
times compared to bulk silicon. This extremely low thermal conductivity is primarily
attributed to increased phonon scattering at the pore walls. When phonon
wavelengths interact with nanoscale structures, they deviate from their usual

conduction pathways, resulting in reduced heat transfer.



¢ Expectation for Enhanced ZT Values: The thermoelectric figure of merit ZT is
expressed by the equation ZT = S?0T/k (where S is the Seebeck coefficient, o is
electrical conductivity, T is absolute temperature, and « is thermal conductivity). By
dramatically reducing thermal conductivity while maintaining electrical conductivity, it
becomes possible to significantly improve the ZT value. While a ZT value of 3 or
higher is desirable for many thermoelectric applications, current bulk materials
typically have ZT values around 1. Nanoporous silicon is considered a promising

candidate for achieving this target.

This research serves as an excellent example of how nanoscale material design can
profoundly impact macroscopic properties, showcasing the synergy between

fundamental physics and applied engineering.

Technical Significance & Outlook

MIT's research on nanoporous silicon has the potential to significantly impact the field of
thermoelectric conversion technology. If this material can indeed achieve high ZT values,

the following innovative applications are anticipated:

¢ Energy Harvesting: Efficiently recovering electricity from various unused heat
sources, such as automotive exhaust heat, industrial waste heat, and data center

waste heat, thereby reducing energy consumption.

e Eco-Friendly Cooling Technology: Accelerating the widespread adoption of solid-
state cooling systems (thermoelectric cooling) that do not use greenhouse gases like

CFCs, contributing to environmental burden reduction.

e Miniature and Wearable Devices: Small, efficient thermoelectric devices can
contribute to the self-powering of wearable electronics and sensors, potentially

solving battery life challenges.

Future research challenges include transitioning from the numerical simulation phase to
actual material synthesis and performance demonstration, as well as verifying feasibility
and cost-effectiveness in large-scale manufacturing processes. Precise control over
nanoporous structures and ensuring long-term stability are also crucial. This
fundamental research is building a foundation for innovative energy technologies toward

a sustainable future and is attracting significant global attention.



Source: https://web.mit.edu/jcg/www/Nano_TE.html
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Applied Materials Teams with Top Universities at EPIC
Center to Accelerate Next-Gen Al Chip Material
Development

Published May 12, 2026  Semiconductor Today =~ USA

| overview

Applied Materials has announced that Arizona State, Rensselaer Polytechnic, and
Stanford Universities will join its Silicon Valley EPIC Center as inaugural research
partners. This center represents the largest U.S. investment in advanced
semiconductor equipment R&D, aiming to accelerate energy-efficient innovations for
next-generation Al chips. This industry-academia collaboration will drive research
programs in advanced materials, novel process technologies, device architectures,

and foster future semiconductor talent.
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Background

The rapid advancement of Artificial Intelligence (Al) has created unprecedented demands
for computational power and energy efficiency, from data centers to edge devices.
However, traditional semiconductor scaling is approaching its physical limits, leading to a
slowdown in Moore's Law. Consequently, to enhance the performance of next-
generation Al chips while simultaneously reducing power consumption, the exploration
of new materials, innovative process technologies, and fundamentally different device
architectures has become indispensable. The United States is accelerating large-scale
investments and industry-academia collaborations to maintain its leadership in the

semiconductor industry and strengthen its domestic supply chain.

Key Findings / Results

Applied Materials, a global leader in semiconductor manufacturing equipment, has
announced that Arizona State University (ASU), Rensselaer Polytechnic Institute (RPI), and
Stanford University will join its core R&D hub, the "EPIC (Equipment and Process
Innovation and Commercialization) Center" in Silicon Valley, as inaugural research

partners.

¢ Role of the EPIC Center: Located in Silicon Valley, the EPIC Center represents
Applied Materials' largest-ever U.S. investment in advanced semiconductor
equipment R&D. Its purpose is to create an ecosystem where university, government,
and industry researchers collaborate to accelerate semiconductor technological
breakthroughs. A primary mission is to shorten the commercialization timeline from

fundamental research to full-scale manufacturing.



o Specifics of Industry-Academia Collaboration: The participating university teams
will work closely with Applied Materials' scientists and engineers to advance research

programs in the following areas:

o Advanced Materials: Exploration and development of new functional materials

that will dictate the performance of next-generation Al chips.

o Novel Process Technologies: Innovative deposition, patterning, and etching

processes that enable further miniaturization and performance enhancement.

o Device Technologies and Chip Architectures: New device structures and chip

designs optimized for energy efficiency and computational efficiency.

¢ Talent Development: This collaboration also provides a robust platform for nurturing
highly skilled scientists and engineers who will support the future semiconductor
industry. Students will gain practical skills and knowledge through exposure to

cutting-edge research environments and industry expertise.

The EPIC Center, backed by a significant $4 billion investment, seeks to halve the time
from laboratory breakthrough to full-scale manufacturing, a critical acceleration for the

fast-paced semiconductor industry.

Technical Significance & Outlook

This strategic alliance between Applied Materials and leading universities is expected to
have a profound impact on the entire semiconductor industry. It will accelerate the
development of next-generation Al chips, significantly contributing to improved Al
computing performance and reduced energy consumption. Specifically, the following

ripple effects are anticipated:

¢ Evolution of Al Technology: More powerful and energy-efficient Al chips will further
accelerate the evolution of various Al applications, including autonomous driving,

medical diagnostics, scientific computing, and natural language processing.

e Acceleration of Innovation: Industry-academia collaboration in R&D will quickly
translate fundamental research outcomes into industrial applications, shortening the
technology innovation cycle. New approaches, such as Al-driven material discovery

and process optimization, will be particularly promoted.



¢ Strengthening of the Domestic Supply Chain: By bolstering the semiconductor
R&D ecosystem within the U.S,, risks in the global supply chain will be mitigated, and

technological self-reliance will be enhanced.

Future challenges include effective collaboration management across multiple
organizations, intellectual property sharing and management, and flexible adaptation to
rapidly evolving technological trends. Nevertheless, this massive investment and
collaboration are undoubtedly essential drivers for achieving the next breakthroughs in

semiconductor technology and shaping the future of the Al era.

Source: https://www.semiconductor-today.com/news_items/2026/may/appliedmaterials-asu-rpi-stanford-
120526.shtml
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Al and Ga Doping Elevates Thermoelectric Performance

in Si-Rich Higher Manganese Silicide, Reaching ZT of
0.36 at 773K

Published May 08, 2026  ACS Publications (ACS Applied Energy Materials) USA

| overview

A new study reveals that Al and Ga doping significantly enhance thermoelectric
properties in Si-rich higher manganese silicide (HMS) through carrier engineering. Ga
and Al act as efficient acceptors, boosting hole concentration and electrical
conductivity, while simultaneously promoting phonon scattering to reduce lattice
thermal conductivity. This synergistic approach achieved peak ZT values of 0.34
(MnSi1.75Ga0.05) and 0.36 (MnSi1.775A10.025) at 773 K, coupled with high
mechanical hardness of 18-20 GPa. This finding is crucial for developing robust, mid-

temperature thermoelectric modules for waste heat recovery.
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Background

Thermoelectric materials are attracting significant attention as clean energy technologies
capable of directly converting unused thermal energy, such as industrial waste heat and
automotive exhaust heat, into electrical energy. Materials that function efficiently in the
mid-temperature range (approximately 300-800°C) have broad applications and the
potential to improve energy efficiency and reduce CO2 emissions. Si-rich higher
manganese silicide (HMS, MnSiy, x > 1.73) is considered a promising candidate material
for mid-temperature thermoelectric modules due to its composition from relatively low-
cost and abundant elements, excellent thermal stability, and mechanical properties.
However, its thermoelectric figure of merit (ZT value) has been insufficient for practical

applications, necessitating further improvement.

Key Findings / Results

This research explored carrier engineering strategies using aluminum (Al) and gallium
(Ga) as dopants to enhance the thermoelectric properties of Si-rich higher manganese
silicide. The research team synthesized phase-pure doped HMS samples using vacuum
arc melting and resistance hot-pressing methods, and thoroughly analyzed their

structural, electrical, thermal, and mechanical properties.

e Doping Mechanism: Al and Ga act as efficient acceptors within the HMS lattice.
Acceptor doping increases the hole concentration in the material, which leads to a

significant improvement in electrical conductivity (o).

e Suppression of Thermal Conductivity: The doped Al and Ga atoms act as point
defects within the HMS lattice, promoting the scattering of phonons (quanta of
thermal vibration). This "alloy scattering” effect reduces the lattice thermal
conductivity (k) of the material. Improving electrical conductivity and suppressing
lattice thermal conductivity are crucial factors for maximizing the thermoelectric

figure of merit (ZT = S?aT/K).



e Performance Optimization: Through these synergistic effects, the research team

achieved peak ZT values of 0.34 for MnSiq 75Gag g5 and 0.36 for MnSiq 775Alg go5 at

773 K (approximately 500°C). These are relatively high values for HMS-based
materials, demonstrating an improvement in thermoelectric conversion efficiency in

the mid-temperature range.

e Excellent Mechanical Properties: The doped HMS samples also exhibited high
mechanical hardness, around 18-20 GPa. This is a highly advantageous characteristic
for applications in actual thermoelectric modules where high reliability and

robustness are required.

Technical Significance & Outlook

The results of this carrier engineering research using Al and Ga doping hold significant
implications for the development of mid-temperature thermoelectric modules based on
Si-rich higher manganese silicide. Materials that can simultaneously achieve high ZT
values and excellent mechanical hardness will contribute to the realization of high-
efficiency and durable thermoelectric modules for automotive waste heat recovery
systems, industrial waste heat power generation, and other renewable energy
applications. This will accelerate technological innovation towards improved energy

efficiency and reduced environmental impact.

Future research challenges include achieving even higher ZT values through further
optimization of doping concentrations and compositions, exploring diverse doping
strategies and co-doping approaches, and establishing large-scale production
technologies. Detailed evaluation of long-term thermal stability and performance
degradation mechanisms under real-world conditions is also essential. This research
expands the potential of HMS in the field of mid-temperature thermoelectric materials
and represents an important step towards the practical application of sustainable energy

technologies.

Source: https://pubs.acs.org/doi/10.1021/acsaem.6c00793

Collected: May 15, 2026 | Automated Research System (Gemini API)


https://pubs.acs.org/doi/10.1021/acsaem.6c00793

Harvard Develops 3D Printed Artificial Muscles: Shape-
Shifting Filaments Bend and Twist on Demand

Published May 11,2026  VoxelMatters (Harvard Universityf22#8/T) USA
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| overview

Harvard University researchers have developed a groundbreaking 3D printing
technique for artificial muscle-like filaments that can bend, twist, and stretch on
demand in response to temperature changes. This innovation uses liquid crystal
elastomers and passive elastomers precisely arranged via Rotational Multimaterial 3D
Printing (RM-3DP), directly encoding shape-shifting programs into the filament.
Exhibiting high durability, with no degradation after 100 thermal cycles from 25°C to
175°C, this technology holds vast promise for soft robotics, biomedical devices, and

active filters.
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Background

Traditional robots are composed of rigid components, making flexible manipulation in
complex environments and safe interaction with humans challenging. In contrast, "soft
robots," which deform flexibly like natural organisms such as octopuses or elephant
trunks, are expected to open new possibilities in various fields including medicine,
exploration, and manufacturing. To realize soft robots, "soft actuators” that change shape
in response to external stimuli like temperature, light, or electricity are indispensable.
While 3D printing technology is a powerful tool for precisely fabricating complex soft
actuators, a key challenge has been the development of materials and manufacturing

methods that can precisely control complex 3D shape changes with a single stimulus.

Key Findings / Results

Addressing this challenge, a research team at Harvard University, led by Professor
Jennifer Lewis, successfully fabricated artificial muscle-like filaments by applying their
groundbreaking "Rotational Multimaterial 3D Printing (RM-3DP)" technology. The core

of this innovative approach lies in:

¢ Integration of Liquid Crystal Elastomers (LCEs) and Passive Elastomers: This
technology combines two materials with different properties: liquid crystal elastomers
(LCEs), which contract in response to temperature changes, and passive elastomers,

which maintain their shape and provide mechanical guidance.

e Precise Molecular Alignment Control via RM-3DP: The RM-3DP technique enables
the precise programming of LCE molecular alignment within the filament during 3D
printing by rotating the nozzle as material is extruded. This allows the filament to
execute complex, pre-designed 3D shape changes, such as bending, twisting, and
stretching, in response to thermal stimuli. This molecular-level alignment control is

key to complex macroscopic movements.

e Exceptional Durability and Stability: The developed filaments demonstrated high
durability, showing no degradation or interfacial delamination after 100 thermal
cycles within a broad temperature range of 25°C to 175°C. This robustness is critically

important for practical applications.



This technology significantly enhances the complexity and reliability of soft actuators

produced in laboratories.

Technical Significance & Outlook

Harvard's research findings hold the potential to revolutionize the field of soft robotics.
These artificial muscle-like filaments are expected to have a wide range of applications,

including:

¢ Soft Robotics: Enabling flexible and safe robot hands, compliant grippers, or robots
that can adapt and move in diverse environments. This facilitates human-robot

collaboration, handling of delicate objects, and exploration in confined spaces.

e Biomedical Devices: Bio-compatible and tissue-friendly shape-changing devices
such as catheters for minimally invasive surgery, prosthetics, drug delivery systems,

and wearable rehabilitation devices.

o Active Filters and Valves: Autonomous fluid control systems like smart filters and

valves that open and close in response to temperature changes.

This technology accelerates the transition of artificial muscle-like materials from
laboratory concepts to functional real-world technologies. Future challenges include
establishing large-scale, cost-effective manufacturing processes for these filaments,
evaluating long-term performance in more complex environments (e.g., underwater or
under high loads), and integrating other smart materials for multi-functional capabilities
that respond to multiple stimuli. This research, merging functional materials and 3D

printing, opens new frontiers in future engineering.

Source: https://www.voxelmatters.com/harvard-researchers-print-artificial-muscle-like-filaments-that-

bend-and-twist-on-demand/
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First-Principles Study Reveals Stacking-Dependent
Thermoelectric Transport in Layered Sc2Si2Te6

Published May 10, 2026  arXiv  Global
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| overview

Layered semiconductors offer a promising platform to balance the Seebeck
coefficient, electrical conductivity, and thermal conductivity—critical metrics for
thermoelectric materials. This paper utilizes first-principles calculations to investigate
the stacking-dependent thermoelectric transport properties in layered Sc2Si2Te6. This
fundamental research aims to provide a deeper understanding that will contribute to
the design of more efficient thermoelectric materials for applications such as waste

heat recovery and solid-state refrigeration.
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Background

Thermoelectric materials are expected to play an indispensable role in achieving a
sustainable society as technologies that directly convert thermal energy into electrical
energy, for applications such as waste heat recovery systems and solid-state
refrigerators. The performance of these materials is evaluated by the dimensionless
figure of merit (ZT value), with higher ZT values indicating higher conversion efficiency.
The ZT value depends on three key physical quantities: the Seebeck coefficient (S),
electrical conductivity (o), and thermal conductivity (k). An ideal thermoelectric material
must simultaneously possess high S and g, and low k. However, these are often
contradictory properties, making their optimal balance the greatest challenge in material
design. Notably, materials with layered structures are attracting attention in
thermoelectric material research due to their ability to individually control these

properties more easily through crystal anisotropy.

Key Findings / Results

This paper employs first-principles calculations, a method that predicts the electronic

states and physical properties of materials based on the fundamental laws of quantum
mechanics, to conduct a detailed study of the thermoelectric transport properties of a
novel layered semiconductor, Sc2Si2Te6. The main focus of the research is to elucidate

how the stacking structure of Sc2Si2Te6 affects its thermoelectric performance.

e Material Selection: Sc2Si2Te6 is a layered semiconductor, and the combination of its
constituent elements—scandium (Sc), silicon (Si), and tellurium (Te)—is expected to

offer the potential for optimizing the balance of thermoelectric properties.

¢ First-Principles Calculation Approach: The research team calculated the electronic
band structure, phonon dispersion, and based on these, the electrical conductivity,
Seebeck coefficient, and thermal conductivity. This allows for the theoretical
prediction of how the atomic-level structure impacts carrier transport and heat

transport.



¢ Importance of Stacking Structure: In layered materials, the way atomic layers are
stacked (stacking sequence) significantly influences how electrons and phonons move
through the material. This study investigates how different stacking patterns lead to
changes in the electronic structure and phonon conduction of Sc2Si2Te6, and
consequently, how the ZT value is modulated. For instance, it explores the possibility
of certain stacking patterns simultaneously maintaining high electrical conductivity

while reducing thermal conductivity by increasing phonon scattering.

This theoretical approach enables the evaluation of a material's potential thermoelectric
performance and provides guidance for promising material systems and structural

designs before experimental work.

Technical Significance & Outlook

This first-principles calculation study on layered Sc2Si2Te6 makes a significant
contribution to deepening the fundamental understanding of thermoelectric materials
science. By comprehensively elucidating the impact of stacking structure on
thermoelectric properties, it provides valuable information for establishing principles for
designing more efficient thermoelectric materials. This will serve as a guideline for
exploring new materials to surpass the limitations of existing thermoelectric materials
(e.g., layered materials like Bi2Te3 and SnSe) and develop next-generation high-efficiency

thermoelectric devices.

In terms of applications, these research findings hold the potential to accelerate
technological innovation in fields such as power generation systems through waste heat
recovery, automotive exhaust heat utilization, portable power supply devices, and
environmentally friendly solid-state refrigerators. Future challenges include
experimentally verifying theoretical predictions, synthesizing Sc2Si2Te6 with optimal
stacking structures, and demonstrating its performance. Practical considerations such as
material stability, manufacturing costs, and scalability also need continuous attention.
This fundamental research is a crucial step in shaping the future of sustainable energy

technologies.

Source: https://arxiv.org/html/2605.09529v1
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Peking University Unveils Octopus-Inspired Underwater
Robot with Ultra-Fast Stiffness Tuning for Zero-Energy
Transport
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| overview

Peking University researchers have developed an octopus-inspired underwater
gripper robot featuring ultra-fast stiffness tuning capabilities. This innovative device
integrates shape memory polymer (PLA) with a three-layer thermal interface,
achieving an astonishing softening speed of 1.3 seconds and hardening in just 0.8
seconds. This enables a 'soft-rigid hybrid' operation and zero-energy shape locking
for grasping and transporting heavy objects, promising a revolution in underwater
robotics for tasks like plastic waste cleanup, resource recovery, and seabed

exploration.
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Background

Underwater robotics is a field with diverse applications, including seabed exploration,
environmental monitoring, and inspection/repair of subsea infrastructure. However,
conventional rigid robots face challenges in flexibility and adaptability when interacting
with complex underwater terrains, delicate marine life, or irregularly shaped objects.
Particularly, grasping objects underwater requires both adaptability (flexibility) to
conform to the object and high stiffness to hold it securely, which has been difficult to
achieve simultaneously. Furthermore, underwater actuation demands significant energy,
and power supply becomes a major constraint for long-duration missions. Organisms,
especially soft-bodied creatures like octopuses, skillfully manipulate complex objects by
changing the flexibility and stiffness of their tentacles at will. Inspired by these natural

mechanisms, there has been a strong demand for the development of new underwater

grippers.

Key Findings / Results

Inspired by octopus tentacles, a research team at Peking University has developed an
innovative underwater gripper robot, the "Octopus-Inspired Upward Transport Robot
(OUT-Robot)," capable of ultra-fast stiffness tuning and zero-energy object transport.

This breakthrough is realized through the following key technical features:

e Shape Memory Polymer (SMP)-Based Variable Stiffness Arms: The gripper's six
flexible arms are embedded with polylactic acid (PLA), a type of shape memory
polymer (SMP). PLA can switch between flexible and rigid states depending on

temperature.

¢ Ultra-Fast Stiffness Tuning via Three-Layer Thermal Interface: To efficiently heat
and cool the SMP, the research team developed a unique three-layer thermal
interface. This interface consists of a heating element, a thermal diffusion layer, and
an SMP layer, optimizing heat transfer. As a result, the gripper achieves remarkable
performance, softening in just 1.3 seconds upon voltage application and hardening in
an astonishing 0.8 seconds after heating ceases. This is among the fastest stiffness
switching performances reported for SMP-based systems. A single arm with hardened

SMP exhibits approximately 25 times higher stiffness than an arm without SMP.



o "Soft-Rigid Hybrid" Operation and Zero-Energy Shape Locking: The gripper
conforms to objects in its flexible state and then rapidly hardens to firmly grasp them.
This "soft-rigid hybrid" operation approach enables reliable grasping of even
complex-shaped objects. Furthermore, once hardened, it possesses a "zero-energy
shape locking” function, allowing it to maintain its stiffness without consuming
additional energy. This enables objects to be transported during long underwater

missions with minimal power consumption.

e Cooperative Grasping Force: With its six arms working cooperatively to grasp
objects, the gripper achieved a grasping force of up to 4 Newtons (over
approximately 400 grams). This force is sufficient for efficiently recovering various

underwater objects, such as plastic waste.

Technical Significance & Outlook

The development of this octopus-inspired underwater gripper robot holds the potential
to bring about a significant revolution in the field of underwater robotics. Its applications

are diverse and are expected to contribute to areas such as:

e Environmental Cleanup: Recovery of plastic waste floating in the ocean and removal

of debris from the seabed.

e Resource Recovery: Retrieval of seabed mineral resources and materials from

shipwrecks.

e Seabed Exploration and Maintenance: Inspection of oil and gas facilities, cable

laying, biodiversity surveys, etc.

Particularly, the ultra-fast stiffness tuning and zero-energy shape locking features
dramatically enhance the feasibility of long-duration and autonomous underwater
missions. This allows robots to perform more complex and challenging tasks while
maintaining energy efficiency. Future challenges include long-term evaluation of SMP
fatigue life, verification of durability in deeper and high-pressure underwater
environments, and exploration of applicability to more complex manipulation tasks. This
research serves as an excellent example of how bio-inspired design and advanced
materials science can shape future robotics technology, providing indispensable tools for

the preservation and utilization of sustainable marine environments.



Source: https://www.eurekalert.org/news-releases/1127044
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Advanced Dielectric Resonators Employ Multiphase
Ceramics and Metamaterials for Ultra-Stable
Frequencies

Published May 13, 2026  PatSnap Eureka  Global

| overview

A technical analysis highlights material innovations in dielectric resonators for
frequency drift mitigation, with multiphase ceramic systems and metamaterial-
inspired structures emerging as key solutions. Murata Manufacturing, for instance,
achieves superior frequency stability (+10ppm) across wide temperature ranges by
combining proprietary barium titanate-based ceramics, rare-earth dopants, and MLCC
technology. These advancements are critical for maintaining stable electrical
performance in high-density RF modules and wireless communication systems,

contributing to miniaturization and enhanced functionality.
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Background

In modern wireless communication systems, high-precision sensors, and high-density RF
modules, frequency stability is a critically important factor determining device
performance and reliability. Dielectric resonators are key components widely used in
these applications, possessing the ability to resonate electromagnetic waves at specific
frequencies. However, they inherently face the challenge of frequency drift, where
changes in ambient temperature affect the dielectric constant of the material,
consequently altering the resonance frequency. This "frequency drift" directly leads to
degradation of communication quality, reduced measurement accuracy, and system
malfunctions, making the development of technologies to maintain frequency stability

over a broad temperature range indispensable.

Key Findings / Results

A technical analysis published by PatSnap Eureka introduces the latest material
innovations and design approaches for mitigating frequency drift in dielectric resonators.

Key advancements include:

¢ Multiphase Ceramic Systems: This approach aims to minimize overall frequency drift
by cleverly combining multiple ceramic materials with different temperature
coefficients (rate of change in dielectric constant with temperature). By pairing
materials with a positive temperature coefficient at low temperatures and those with
a negative coefficient at high temperatures, it becomes possible to achieve a near-
zero temperature coefficient across the entire operating temperature range. This
ensures that the resonance frequency remains extremely stable against temperature

fluctuations.



o Metamaterial-Inspired Dielectric Structures: By applying the concept of
metamaterials—artificially engineered structures with the unique ability to manipulate
electromagnetic waves—to the design of dielectric resonators, new types of
resonators with properties unattainable by conventional materials are being
developed. These metamaterial-inspired structures offer programmable temperature
coefficients and enhanced resilience to environmental perturbations. For example,
specific geometric designs or nanostructures can be introduced to precisely control
the temperature dependence of the dielectric constant, potentially actively

compensating for frequency drift.

e Murata Manufacturing's Innovations: Murata Manufacturing Co. Ltd., a leading
Japanese electronic components manufacturer, is particularly active in this field. The
company has achieved excellent frequency stability by integrating proprietary
material compositions, including barium titanate-based ceramics with rare-earth
dopants, and its multilayer ceramic capacitor (MLCC) manufacturing process. Their
technology achieves high precision, with frequency stability within +10 ppm (parts

per million), ensuring stable electrical performance in high-density RF modules.

These technologies are elevating the performance of dielectric resonators to new levels

through the integration of materials science and structural design.

Technical Significance & Outlook

The advancement of frequency drift mitigation techniques for dielectric resonators will
play an indispensable role in current and future wireless communication technologies.
Highly stable resonators will improve the reliability and performance of a wide range of
applications, including 5G/6G communications, 10T devices, autonomous driving, satellite
communications, high-precision radar, and medical sensors. Especially in high-density RF
modules where miniaturization is crucial, these temperature-resistant, stable-operating
materials are essential. This will enable the design of smaller, higher-performance

electronic devices, enhancing market competitiveness.



Future challenges include ensuring stability over even broader temperature ranges and
under harsh environmental conditions, simplifying the implementation of complex
hybrid compensation systems, minimizing power consumption, and elucidating the long-
term aging mechanisms of materials. Nevertheless, these material innovations represent
a crucial step towards improving wireless communication reliability and efficiency, and

strengthening the foundation of next-generation electronic devices.

Source: https://eureka.patsnap.com/report-frequency-drift-mitigation-techniques-for-dielectric-

resonators
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Pyroelectric Materials Endure Extreme Pressure:

Advancements for Medical Devices and Sensing

Published May 13, 2026  PatSnap Eureka Global

Eureka
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| overview

A technical analysis examines the stability and performance of pyroelectric materials
under pressure, crucial for medical devices and scientific instrumentation. Pyroelectric
materials, which change spontaneous polarization with temperature, are highly
valued, but maintaining their performance and biocompatibility in high-pressure
environments remains a challenge. Murata Manufacturing has developed pyroelectric
sensor technology using BST and PZT materials, demonstrating stable performance
under mechanical stress up to 50 MPa, highlighting leading capabilities from

Japanese electronics manufacturers in this domain.



| N DEPTH

Background

Pyroelectric materials are functional materials possessing a unique characteristic called
the "pyroelectric effect," where they generate an electric charge on their surface in
response to temperature changes. This property makes them promising for a wide range
of applications, including infrared sensors, thermal imaging systems, and energy
harvesting devices. In the medical field, there is a growing demand for pyroelectric
materials in applications such as implantable devices, high-pressure medical imaging
systems, and pressure-sensing thermotherapy devices, where they can detect subtle
temperature variations or harvest energy from the human body. However, these medical
applications often expose materials to physiological pressures within the body or
external mechanical stresses in high-pressure medical imaging systems, making stable

performance under pressure and biocompatibility critical challenges.

Key Findings / Results

A technical analysis published by PatSnap Eureka focuses on the stability and
performance testing of pyroelectric materials under pressure, detailing the latest trends

and technical challenges in this field. Key findings include:

¢ Requirements for Medical Devices: When applying pyroelectric materials to medical
devices, particularly implantable devices and high-pressure medical imaging systems,

the following stringent requirements must be met:

o Stability under Pressure: The material must maintain stable pyroelectric
coefficients and signal responses even when subjected to external mechanical

stress (up to approximately 50 MPa).

o Biocompatibility: The material must not induce harmful reactions with biological

tissues.

o Long-term Reliability: The material must function stably over long periods within

the in-vivo environment.



e Key Pyroelectric Materials and Their Challenges:

o Barium Strontium Titanate (BST): A ceramic material with a high pyroelectric
coefficient, but its performance is temperature-sensitive, and stability under

pressure can be challenging.

o Lead Zirconate Titanate (PZT): A widely used piezoelectric and pyroelectric
ceramic, but it contains lead, which may be subject to environmental regulations,

and there are concerns regarding its biocompatibility.

o Polyvinylidene Fluoride (PVDF): A flexible and biocompatible polymeric
pyroelectric material, but it has the disadvantage of a lower pyroelectric coefficient

compared to ceramics.

e Murata Manufacturing's Technological Innovations: Murata Manufacturing Co.
Ltd., a leading Japanese electronic components manufacturer, has developed
particularly advanced technology in this area. The company has created pyroelectric
sensor technology based on BST and PZT materials, demonstrating stable
performance even under mechanical stress up to 50 MPa. This has been achieved
through proprietary material composition optimization and the application of
multilayer ceramic capacitor (MLCC) manufacturing processes, allowing for precise
control of the pyroelectric coefficient's temperature stability within +5% across the

entire operating range.

¢ Contributions from Major Japanese Companies: In addition to Murata
Manufacturing, Japanese electronics manufacturers such as Seiko Epson, Fujifilm,
Kyocera, Canon, TDK, and Panasonic are demonstrating globally advanced capabilities
in materials science and sensor integration technology, driving research and

development in this field.

The ability of Murata's materials to operate stably under pressures up to 50 MPa with
pyroelectric coefficient temperature stability within +5% is a significant technical

achievement, enabling reliable operation in challenging medical contexts.



Technical Significance & Outlook

The development of pyroelectric materials that maintain high stability and performance
under pressure will significantly impact the fields of medical devices, scientific
instrumentation, and industrial sensors operating in harsh environments. In the medical
sector, in particular, it will improve the reliability and safety of implantable devices and
enable more accurate imaging and therapies under high-pressure conditions. This

directly contributes to improving patient outcomes and the quality of medical care.

Future challenges include further miniaturization of pyroelectric materials, reduction of
power consumption, improved adaptability to diverse biological environments (e.g., pH,
ion concentration), and a deeper elucidation of long-term material degradation
mechanisms. The development of lead-free pyroelectric materials as alternatives to PZT
is also crucial from an environmental regulatory perspective. However, the technological
innovations led by Japanese electronics manufacturers in this field will continue to drive
the development of next-generation high-reliability sensor technologies and medical

devices, providing new value to society.

Source: https://eureka.patsnap.com/report-pyroelectric-materials-under-pressure-stability-and-

performance-testing
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Flexible Vibrotactile Interface for Immersive Metaverse
Interaction Achieves High-Fidelity Haptics by
Overcoming PVDF Limitations

Published May 11, 2026 ~ ACS Publications (ACS Applied Materials & Interfaces) USA

| overview

Researchers have developed an innovative flexible piezoelectric vibrotactile interface
for immersive metaverse interactions, addressing the low output displacement and
weak vibrational force challenges of piezoelectric polymers like PVDF. This novel
structural design effectively overcomes significant mechanical damping from
encapsulation matrices. The resulting wearable interface delivers realistic haptic
feedback, poised to contribute significantly to future wearable devices and immersive
experiences, marking a crucial advance in human-computer interaction for virtual

environments.
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Background

Immersive technologies like the metaverse, augmented reality (AR), and virtual reality
(VR) aim to bring digital experiences closer to the real world. Beyond visual and auditory
stimuli, haptic feedback is an essential component for significantly enhancing the sense
of immersion. By allowing users to feel the texture of virtual objects or experience the
physical sensations of interactions, a more realistic and compelling digital world can be
constructed. There is a strong demand for devices that provide this haptic feedback,
particularly flexible, wearable, and efficient "soft haptic actuators." Piezoelectric
polymers, especially polyvinylidene fluoride (PVDF), are considered promising materials
due to their flexibility, lightweight nature, and relatively high electromechanical coupling
efficiency. However, a technical limitation has been their inherent low output

displacement and weak vibrational force.

Key Findings / Results

In this research, to overcome the challenges of low output displacement and weak
vibrational force inherent in PVDF-based soft haptic actuators, an innovative flexible
piezoelectric vibrotactile interface was developed based on a novel structural design. The

key aspects of this approach are as follows:

¢ Innovative Structural Design: The research team designed a unique structure to
overcome the significant mechanical damping typically imposed by encapsulation
matrices. Traditional PVDF actuators often suffer from a considerable loss in flexibility
and vibrational characteristics when encapsulated for protection or integration. The
new design ensures that the actuator's vibrations are less absorbed by the

surrounding matrix and are efficiently transmitted to the user.

¢ Maximizing PVDF Performance: Through appropriate electrode design and material
processing, the piezoelectric effect of PVDF is maximized, achieving greater
displacement and stronger vibrational forces than conventional devices. This allows

users to perceive clearer and more realistic haptic feedback.



e Wearable Form Factor and Electrical Safety: The developed interface is thin and
flexible, designed to be worn directly on the skin, maintaining comfort even during
prolonged use. Crucially, the electrical safety, indispensable for wearable devices, is
rigorously ensured through careful material selection, structural design, and the
intrinsic electrical properties of the piezoelectric system. For example, even when high
driving voltages are required, safety is guaranteed through appropriate insulation and

circuit design.

This research serves as an excellent demonstration of how combining material physical
properties with device structural design can break through the limitations of existing

materials.

Technical Significance & Outlook

The development of this flexible vibrotactile interface holds the potential to revolutionize
the fields of the metaverse, AR/VR, and wearable haptic devices. More realistic and
immersive haptic feedback will dramatically enhance user experiences, enabling
unprecedented levels of interaction in a wide range of applications, including gaming,
training, remote operation, and medical simulations. For instance, surgeons may feel
realistic tactile sensations during remote surgery, or architects may verify material

textures by tracing surfaces of virtual models with their fingers.

Future challenges include further reducing manufacturing costs, improving the ability to
generate more complex and diverse haptic patterns, and optimizing energy efficiency
when using high driving voltages. Long-term durability and the development of form
factors suitable for attachment to various body parts are also important. Nevertheless,
this research lays an indispensable technological foundation for shaping how future
digital spaces appeal to our five senses and opens new horizons for human-computer

interaction.

Source: https://pubs.acs.org/doi/10.1021/acsami.6c04893
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Nonlinear Coherent Transport in 2D Thermal
Metamaterials: A Quantum Computing Perspective on
Solitons and Topological Defects for Advanced Thermal

Management

Published May 12, 2026 arXiv  Global

| overview

A preprint explores nonlinear coherent transport in 2D thermal metamaterials, linking
it to solitons, topological defects, and quantum computing for novel thermal
management. The study reveals how geometry, nonlinearity, and temperature
profoundly influence interactions within heat conduction channels. Experimental and
computational findings, such as ultra-low thermal conductivity and strong anisotropy
in PdSSe monolayers and silicon phononic crystal nanostructures, support theoretical
predictions. This work establishes conceptual and practical foundations for thermal
management in 2D nanostructures and positions quantum computing as a tool for

advancing nonlinear thermal transport theory.
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Background

Efficient thermal management is a critical challenge in modern electronic devices,
particularly in high-performance computing and quantum technologies. The ability to
precisely control heat generation and dissipation directly impacts device performance,
reliability, and lifespan. Recently, the concept of metamaterials, originally developed to
manipulate electromagnetic waves, has been applied to control heat flow, giving rise to
"thermal metamaterials." Two-dimensional (2D) materials and nanostructures,
controllable at the atomic level, hold the potential to exhibit nonlinear thermal transport
phenomena and quantum coherence effects. These are key to unlocking new thermal
management strategies beyond the scope of conventional heat conduction theories.
However, a theoretical framework for understanding and engineering these complex

phenomena remains underdeveloped.

Key Findings / Results

This preprint paper explores the advanced topic of nonlinear coherent transport in 2D
thermal metamaterials, integrally discussing its connections to solitons, topological

defects, and quantum computing. The main findings of the research are as follows:

¢ Discovery of Nonlinear Coherent Modes: The study theoretically demonstrates the
existence of wave-like nonlinear coherent modes in heat conduction that cannot be
explained by conventional diffusive transport models. These modes arise from specific
geometric designs and the nonlinear response of materials, potentially enabling

highly efficient and directed heat transfer.

e Geometrically Driven Heat Channeling and Topological Defects: It is shown that
the microscopic geometric structure of materials plays a crucial role in channeling
heat flow (concentrating heat into specific pathways). Furthermore, topological
defects within the lattice (e.g., local irregularities in atomic arrangements) are
identified as potential factors that can alter heat transport pathways and influence the

propagation of thermal waves.



¢ Relevance to Quantum Computing: The research proposes that quantum
computing tools can be utilized as concrete means to solve complex problems in
nonlinear thermal transport theory. By employing quantum algorithms, it becomes
possible to more efficiently explore and understand multivariate interactions—such as
microscopic nonlinearity, geometric effects, and temperature dependence—that are

challenging for classical simulations.

¢ Validation of Theoretical Predictions: Experimental and computational results,
including ultra-low thermal conductivity, high carrier mobility, and strong anisotropy
in PdSSe monolayers and silicon phononic crystal nanostructures, are cited as
supporting evidence for the theoretical predictions proposed in this study. These
materials are promising platforms for exhibiting nonlinear thermal transport and

quantum effects.

The work establishes a novel theoretical framework that integrates nonlinear coherent
modes, hydrodynamic universality, and geometrically driven channeling for 2D thermal

metamaterials, offering a fresh perspective on heat control.

Technical Significance & Outlook

This theoretical research represents a significant step towards establishing the
conceptual and practical foundations for thermal management in 2D nanostructures and
advancing nonlinear thermal transport theory. The positioning of quantum computing as
a tool for thermal transport theory, in particular, suggests a new research paradigm at
the intersection of materials science and information science. These findings could have

a major impact on areas such as:

¢ Next-Generation Thermal Management Systems: Providing new approaches to
precisely control heat flow and significantly enhance device performance and
reliability in systems requiring extreme thermal management, such as ultra-integrated

circuits, quantum devices, and photonic devices.

e Quantum Computing Applications: Understanding and controlling quantum
phenomena in heat transport could also contribute to the cooling technologies of

quantum computers themselves and improving the stability of quantum states.

¢ Discovery of New Physical Phenomena: Accelerating the exploration of new
physical phenomena like nonlinear thermal transport and topological heat transport,

contributing to the deepening of fundamental theories in thermal physics.



Future challenges include applying this theoretical framework to various 2D thermal
metamaterials, further advancing experimental verification, and developing specific
algorithms for quantum computing technology and its application to thermal transport
simulations. This research, by understanding the fundamental nature of heat and
controlling it in innovative ways, provides an indispensable foundation for future

technological innovation.

Source: https://arxiv.org/pdf/2605.08162
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Osaka Metropolitan University Uncovers lonic
Transport Paths in All-Solid-State Batteries, Boosting
Performance

Published May 13, 2026  Asia Research News (Osaka Metropolitan UniversityffZS#3/Y) Japan

| overview

Osaka Metropolitan University researchers have elucidated key mechanisms for
enhancing ionic conductivity in solid-state electrolytes for all-solid-state batteries.
Using Discrete Element Method (DEM) simulations, they revealed how particle size
distribution significantly impacts ionic transport in sulfide-based solid electrolyte
LPSCI. This work shows that optimizing inter-particle contact and stress distribution
enhances ion mobility, contributing to advanced material design and manufacturing
for high-performance all-solid-state batteries. This breakthrough directly enables

extended EV range and faster charging times.
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Background

Innovation in battery technology is indispensable for achieving a sustainable society,
particularly in electric vehicles (EVs) and renewable energy storage systems. Current
mainstream lithium-ion batteries, which use liquid electrolytes, face challenges such as
leakage, fire risks, and limited energy density. In contrast, all-solid-state batteries, by
replacing liquid electrolytes with solid electrolytes, promise revolutionary improvements
in safety, energy density, and lifespan, positioning them as the "ultimate battery."
However, the lower ionic conductivity of solid electrolytes compared to liquid
electrolytes has been a major bottleneck for the practical application of all-solid-state
batteries. A detailed understanding of the ionic transport pathways and mechanisms

within the solid electrolyte layer has been lacking.

Key Findings / Results

Researchers at Osaka Metropolitan University have announced a groundbreaking
achievement in elucidating the key mechanisms for improving ionic conductivity in
sulfide-based solid electrolyte LPSCI (Li»S-P>Ss-LiCl). This study specifically focused on
the impact of particle size distribution of solid electrolyte particles on ionic conductivity,
employing advanced Discrete Element Method (DEM) simulations for analysis. Key

findings include:

o Utilization of DEM Simulation: Discrete Element Method (DEM) simulation is
suitable for individually modeling interactions between numerous particles and
predicting their macroscopic behavior. The research team used this method to
reproduce the packing and contact states of LPSCI particles and visualize how particle

size distribution affects ionic conduction pathways.

e Optimization of Particle Size Distribution: Simulation results revealed that the
particle size distribution of LPSCl in the solid electrolyte layer plays a critically
important role in ionic conductivity. Specifically, it was suggested that combining
particles with a particular size distribution, rather than a uniform size, maximizes the
contact area between particles, forming "fast conduction pathways" where ions can

move more efficiently.



e Stress Distribution and Conduction Pathways: It was discovered that the stress
distribution generated between particles also affects ionic conduction. An appropriate
particle size distribution is thought to form a uniform stress distribution between
particles, thereby reducing interfacial resistance and promoting ion migration. This
reveals the interrelationship between mechanical and electrochemical properties of

materials.

This research provides a new perspective for deeply understanding the influence of
electrolyte microstructure on ion transport and offers guidelines for material design to

improve the performance of all-solid-state batteries.

Technical Significance & Outlook

The research findings from Osaka Metropolitan University represent a significant
advance that will greatly contribute to the practical application and high performance of
all-solid-state batteries. By providing direct guidelines for material design and
manufacturing process optimization to dramatically improve the ionic conductivity of

solid electrolytes, the following impacts are expected:

¢ Improved EV Performance: Enhanced ionic conductivity will increase the energy
density of all-solid-state batteries, extending the range of electric vehicles (EVs). It will
also directly lead to improved fast-charging capabilities, significantly reducing

charging times.

e Enhanced Safety and Reliability: By eliminating the fire risks associated with liquid
electrolytes, it contributes to the realization of highly safe and reliable battery

systems.

¢ New Material Development Strategy: This work forms the basis for novel material
development strategies, such as interfacial design between solid electrolyte particles
and control of optimal particle size distribution. This is an approach not just to find

new materials, but to maximize the potential of existing ones.

Future challenges include experimentally validating simulation results through the
synthesis and performance evaluation of actual materials, and establishing cost-effective
manufacturing processes for large-scale production. This research is attracting significant
global attention as it accelerates the commercialization of all-solid-state batteries—a
core component of future energy storage systems—and plays an indispensable role in

building sustainable mobility and energy infrastructure.



Source: https://www.asiaresearchnews.com/content/ionic-path-all-solid-state-batteries
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Bio-Inspired 3D Printed Aerogel Frameworks Achieve
Enhanced Terahertz EMI Shielding via MXene/Cellulose

Nanofibrils

Published May 13, 2026  EurekAlert! (Beijing Forestry Universityfff354871) China
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| overview

Beijing Forestry University researchers have developed 3D-printed aerogel
frameworks with bio-inspired staggered cellular structures that significantly enhance
terahertz electromagnetic shielding. Fabricated using Direct Ink Writing (DIW) 3D
printing from MXene and cellulose nanofibrils (CNF) composites, these unique
structures achieve high reflection loss, absorption, and shielding effectiveness. This
technology offers broad applications for advanced EMI shielding in the terahertz
band, critical for 5G/6G communications, aerospace, and high-frequency electronics,

with superior lightweight performance.
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Background

With the rapid development of information and communication technologies,
particularly the proliferation of 5G/6G communication systems and high-frequency
electronic devices, electromagnetic interference (EMI) in the terahertz (THz) frequency
range is becoming a serious concern. Electromagnetic shielding is indispensable for
preventing electronic device malfunction and ensuring data security. However,
conventional electromagnetic shielding materials often suffer from challenges such as
high density, heavy weight, and poor processability. There is a strong demand for next-
generation EMI shielding materials that are lightweight, offer high shielding
performance, and can be fabricated into complex shapes. Bio-inspired design, drawing

cues from nature's efficient structures, holds the potential to address these challenges.

Key Findings / Results

A research team from Beijing Forestry University has successfully developed 3D-printed
aerogel frameworks with bio-inspired staggered cellular structures, achieving significant
enhancement in terahertz electromagnetic shielding performance. The core of this

innovative material and manufacturing technology is as follows:

e MXene/Cellulose Nanofibril (CNF) Composite Material: As the skeletal material for
the aerogel, a composite of highly electrically conductive 2D MXene and lightweight
yet mechanically strong cellulose nanofibrils (CNF) was utilized. MXene provides
excellent electromagnetic wave absorption and reflection properties, while CNF

enhances the structural stability of the aerogel.

e Direct Ink Writing (DIW) 3D Printing: Direct Ink Writing (DIW) 3D printing
technology was employed to precisely fabricate complex bio-inspired structures. This
method allows for the accurate formation of multilayer staggered cellular aerogel
structures. By optimizing the rheological properties of the ink, high-resolution and

stable printing is achieved.

¢ Bio-Inspired Staggered Cellular Structure: The structure is inspired by efficient
multilayer staggered patterns found in nature. This unique architecture induces
multiple reflections and scattering as electromagnetic waves pass through the

material, maximizing both electromagnetic wave absorption and reflection.



e Exceptional Electromagnetic Shielding Performance: The developed 3D-printed
aerogel framework demonstrated high reflection loss, absorption, and outstanding
Shielding Effectiveness (SE) in the terahertz frequency band. The SE values meet the
requirements for applications demanding high EMI shielding. The key to this
performance enhancement lies in the multi-level structural design, where nanoscale
MXene sheets form a mesh structure, and micro-scale staggered cellular structures

optimize macroscopic electromagnetic interactions.

This research has been published in the prestigious academic journal "Nano Research,"

receiving international recognition for its scientific value.

Technical Significance & Outlook

This 3D-printed bio-inspired aerogel framework holds the potential to revolutionize
various fields as an advanced electromagnetic shielding material in the terahertz

frequency range. Specific application areas include:

¢ 5G/6G Communication Equipment: Contributing to the suppression of
electromagnetic interference in high-frequency communication devices and enabling

miniaturization and weight reduction.

e High-Speed Electronic Devices: Protection of next-generation electronic devices
requiring precise electromagnetic wave control, such as quantum computing devices,

high-frequency radar, and terahertz imaging systems.

e Aerospace Sector: Lightweight and high-performance shielding materials are
indispensable for EMI countermeasures in electronic equipment for satellites, aircraft,

and spacecraft.

This technology aligns with three major trends in electromagnetic shielding:

"lightweighting," "thinning," and "high-performance,” offering a new paradigm for the
design of sustainable, high-functional materials. Future challenges include scaling up the
manufacturing process and optimizing cost-effectiveness, evaluating long-term stability
under various environmental conditions (e.g., high temperature, high humidity), and
further multi-functionalization (e.g., integration with thermal management capabilities).
This research, through the fusion of functional materials, 3D printing, and bio-inspired
design, will serve as a foundational technology for the future information society and

environmental technologies.



Source: https://www.eurekalert.org/news-releases/1128002
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Scientists Revive Ancient Chemistry Trick to Engineer
Next-Generation Metal-Organic Framework Glass for
Advanced Applications

Published May 14, 2026  SciTechDaily (Nature ChemistryffiZZ#87T) UK
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| overview

Researchers from the University of Birmingham and TU Dortmund University have
developed a new class of metal-organic framework (MOF) glasses by adapting a
centuries-old chemistry trick: adding modifiers. They successfully controlled the
softening temperature and fluidity of ZIF-62, promoting its vitrification. This
"engineered MOF glass" transcends limitations of traditional inorganic glasses and
polymers, enabling applications in gas separation, chemical storage, and functional

coatings, marking a groundbreaking paradigm shift in materials science.
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Background

Glass has been a fundamental material for humanity since ancient times, playing an
indispensable role in diverse fields such as architecture, optics, and electronics due to its
transparency, chemical stability, and hardness. However, conventional oxide glasses have
limitations in advanced functionalities like specific gas separation or molecular storage,
and their processing typically requires very high temperatures. On the other hand, metal-
organic frameworks (MOFs), which are porous materials, have garnered attention as
"molecular sieves" and "gas adsorbents" due to their ultra-high surface area and
customizable pore structures. Generally, MOFs are synthesized as crystalline powders,
making it challenging to process them into continuous forms like glass. Thus, developing
materials that combine the functionality of MOFs with the processability and

morphological stability of glass has been a long-standing dream in materials science.

Key Findings / Results

Researchers from the University of Birmingham and TU Dortmund University have
successfully developed MOF glasses using an innovative approach inspired by ancient
glass manufacturing techniques. Their key discoveries and technological breakthroughs

are as follows:

e Reinterpretation of Ancient Glass Technology: Centuries ago, glass manufacturing
involved adding additives (modifiers) to molten glass to alter its processability and
properties. The research team attempted to apply this concept of "modifiers" to
MOFs.

¢ Modifier-Promoted MOF Vitrification: By selecting a specific MOF called ZIF-62
(Zeolitic Imidazolate Framework) and adding small amounts of "modifiers" (e.g.,
specific organic amines or acids) to the MOF's constituents, they discovered that the
crystalline order could be disrupted, inducing the MOF into a "molten state." This
enabled the MOF, upon heating and cooling, to solidify into an amorphous (non-

crystalline) glass state, similar to traditional glasses, without crystallization.



¢ Precise Control over Softening Temperature and Fluidity: By adjusting the type
and quantity of modifiers, the softening temperature and fluidity of the MOF glass
could be precisely controlled. This opened the door to applying conventional glass
processing techniques (e.g., thermoforming, fiber drawing, coating) to MOFs, allowing

for the creation of functional glasses in various shapes and forms.

e Superior Functionality: The developed MOF glass retains the excellent porosity and
selective adsorption capabilities of the original MOF while possessing the
transparency and mechanical stability of glass. This enables applications such as the
separation of specific gas molecules, chemical storage, catalytic activity, and

functional coatings.

This research is the result of international collaboration, and its findings have been

published in the prestigious scientific journal "Nature Chemistry."

Technical Significance & Outlook

The emergence of this "engineered MOF glass" has the potential to bring about
revolutionary impacts across materials science, chemistry, and engineering. Surpassing
the limitations of traditional glasses, polymers, and MOFs, it is expected to have a wide

range of applications, including:

e Advanced Gas Separation Technologies: Utilization as energy-efficient gas

separation membranes for CO2 capture, hydrogen purification, and air separation.

e Smart Storage Systems: Materials for high-density and safe storage of gases such as

pharmaceuticals, hydrogen, and methane.

¢ Functional Coatings and Sensors: Use as environmentally responsive smart

coatings, chemical sensors, and catalytically active surfaces.

e New Optical Materials: Optical devices combining transparency with porosity.



This technology enables the development of unprecedented high-performance materials
by fusing the functional advantages of MOFs with the processability and morphological
advantages of glass. Future challenges include expanding its application to various MOF
compositions, establishing large-scale production techniques, and evaluating long-term
durability and stability. This research represents an academically and industrially critical
achievement, applying centuries-old chemical insights to modern advanced materials
science to create a new class of materials indispensable for future technological

innovation.

Source: https://scitechdaily.com/scientists-revive-ancient-chemistry-trick-to-engineer-next-generation-
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Polarization-Modulated Ferroelectric Heterojunction
Exhibits Programmable Photovoltaic Performance for

In-Sensor Computing

Published May 07, 2026  PubMed Central  Global
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| overview

Researchers have demonstrated programmable photovoltaic performance in a
ferroelectric heterojunction (Pt/CulnP2S6/Graphene), leveraging Cu+ ion migration
and polarization modulation mechanisms. This system achieved a significant increase
in photocurrent, up to 100-fold, and high recognition accuracy in in-sensor
computing applications. This technology promises to integrate data processing
capabilities directly into sensors, laying the groundwork for highly efficient, next-

generation electronics beyond mere data collection.
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Background

With the evolution of modern electronic devices, particularly Al and 10T, the efficient
processing of data and reduction of energy consumption are pressing challenges. In
traditional von Neumann architectures, data acquisition (sensors) and data processing
(processors) are separated, leading to energy consumption and latency bottlenecks
associated with data transfer. To address this, a new paradigm called "in-sensor
computing"” is gaining attention, where sensors perform both data acquisition and
processing simultaneously. In this field, ferroelectric materials are promising for
multifunctional devices such as non-volatile memory, switches, and sensors, utilizing
their spontaneous polarization and polarization reversal properties under external
electric fields. Research combining photoresponse with ferroelectricity to achieve

programmable photovoltaic effects is particularly active.

Key Findings / Results

This study reports groundbreaking achievements in the polarization-modulated
programmable photovoltaic performance of a ferroelectric heterojunction
(Pt/CulnP2S6/Graphene). This system combines a platinum (Pt) electrode, the
ferroelectric material copper-indium-phosphorus sulfide (CulnP2S6), and graphene as a

transparent conductive material. Key discoveries and mechanisms include:

e Cu+ lon Migration and Polarization Modulation: CulnP2S6, a ferroelectric material,
exhibits a property where Cu+ ions migrate when an electric field is applied, causing a
change in the direction of spontaneous polarization. This research demonstrated that
this reversible migration of Cu+ ions can be utilized to precisely modulate the

polarization state of the ferroelectric layer by an external electric field.

e Programmable Photovoltaic Effect: The polarization state of the ferroelectric layer
affects the band alignment (arrangement of energy bands) of the heterojunction,
altering carrier separation and transport efficiency under light illumination. By
reversing the polarization direction of the ferroelectric, a programmable photovoltaic
effect was achieved, dramatically increasing (up to 100-fold) or decreasing the
photocurrent. This means that the sensitivity of the photodetector can be adjusted on

demand.



e Application to In-Sensor Computing: This programmable photovoltaic property
was utilized for in-sensor computing. It was shown that the sensor itself could
perform data processing (e.g., classification for image recognition) based on optical
signal input. Specifically, this system demonstrated high recognition accuracy,
contributing to improved energy efficiency and faster processing speed compared to

traditional separate systems.

This research opens new avenues for leveraging novel functionalities of ferroelectric

materials and integrating photovoltaic devices with information processing.

Technical Significance & Outlook

This research on polarization-modulated programmable photovoltaic ferroelectric
heterojunctions holds the potential to revolutionize the field of next-generation

electronics. Its impact and outlook are as follows:

¢ High-Efficiency In-Sensor Computing: By allowing sensors to autonomously
process data, data transfer bottlenecks are eliminated, and energy consumption for Al
processing is significantly reduced. This will accelerate the adoption of edge Al

devices and autonomous sensor networks.

e Multifunctional Sensor Devices: Integrating photodetector, memory, and processor
functions into a single device enables miniaturization, lightweighting, and power
saving. This improves the performance of wearable devices, smart cameras, and robot

vision systems.

¢ New Photovoltaic Technologies: Programmable photocurrent response enables the
development of new optoelectronic devices, such as optical communication systems,

optical switches, and tunable solar cells.

Future challenges include further improving material stability and durability, establishing
large-scale device manufacturing technologies, and expanding the applicability to
complex image recognition tasks. Further understanding of the material properties of
ferroelectrics like CulnP2S6 and exploring combinations with different ferroelectrics and
electrode materials are also important. This research blurs the boundaries between
sensing and computing, representing a significant step towards realizing more intelligent

and sustainable electronic systems.
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DOE Funds Innovative, Low-Cost Aerogel Production

for High-R Insulation, Pioneering Poly-DCPD Materials

Published May 11,2026 KETIJLF—%& (Department of Energy) USA

| overview

The U.S. Department of Energy (DOE), in collaboration with Optowares Inc., is
advancing a project for innovative, low-cost production of high-R value aerogel
blankets. Addressing the high cost of traditional silica aerogels (>$10/ft?), this
initiative employs polyester resin-based poly-DCPD aerogels and Ambient Pressure
Drying (APD) to significantly cut manufacturing costs. The goal is to accelerate
aerogel adoption in building and industrial insulation, enhancing energy efficiency
and reducing greenhouse gas emissions. This effort could also extend to energy

storage and solar power applications.
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Background

Improving energy efficiency and reducing greenhouse gas emissions are urgent global
challenges, to which enhancing building insulation performance can greatly contribute.
Aerogels, renowned for their extremely high porosity and ultra-low thermal conductivity,
are known as "dream materials" with the best insulation performance among currently
available solid materials. Silica aerogels, in particular, exhibit excellent insulating
properties, but their very high manufacturing cost (over $10 per square foot) and brittle
nature have significantly limited their widespread adoption for broad applications in
building walls, roofs, floors, and industrial insulation. Overcoming these cost and

practicality challenges is essential for the societal implementation of aerogel technology.

Key Findings / Results

The U.S. Department of Energy (DOE), in collaboration with Optowares Inc., is promoting
a project for the innovative production of low-cost, high-R value (R-value is an indicator
of insulation performance, higher R-value means better insulation) aerogel blankets. The
primary goal of this project is to resolve the challenges of existing silica aerogels and
provide more economical and practical insulation materials. Specifically, the

development focuses on the following key areas:

e Adoption of Poly-DCPD Aerogels: Instead of expensive silica-based aerogels, the
project utilizes polyester resin-based poly-DCPD (polydicyclopentadiene) aerogels.
Poly-DCPD aerogels hold the potential to significantly reduce material costs while
offering excellent insulation performance comparable to silica aerogels. They are also

highly flexible, making them easy to process into blanket forms.

e Manufacturing via Ambient Pressure Drying (APD): To replace the supercritical
drying method, which is a major cost driver in conventional silica aerogel
manufacturing, a simpler and lower-cost Ambient Pressure Drying (APD) method is
used to produce aerogels. APD eliminates the need for complex equipment and
hazardous supercritical fluids, significantly streamlining the manufacturing process
and reducing energy consumption and capital investment. This dramatically lowers

the production cost of aerogels.



¢ Achievement of High R-Value: The development target is aerogel blankets with a
high R-value that meets stringent building insulation requirements. As they can
provide equivalent or better insulation performance with thinner profiles than existing
insulation materials, they enhance building design flexibility and maximize usable

living space.

Through these efforts, the project aims to remove economic barriers to aerogel

technology and promote its widespread adoption in building and industrial sectors.

Technical Significance & Outlook

The development of this innovative aerogel production technology will make an
extremely significant contribution to improving energy efficiency in the building and
industrial sectors and to achieving a sustainable society. If low-cost, high-performance

aerogel blankets become widespread, the following impacts are expected:

¢ Improved Building Energy Efficiency: Accelerates the proliferation of buildings with
superior insulation performance, substantially reducing heating and cooling energy
consumption. This directly contributes to reducing greenhouse gas emissions and

mitigating climate change.

e Energy Savings in Industrial Processes: By being used as insulation materials for
industrial pipelines and equipment, they minimize heat loss in manufacturing

processes and reduce energy costs.

e Creation of New Market Opportunities: New manufacturing technologies and
materials for aerogels will foster new industrial supply chains and job opportunities,

promoting economic growth.

While this project aims to achieve low-cost and practical aerogel insulation materials, its
technology may also extend to foundational areas of energy storage and solar power
generation. Future challenges include demonstration testing of the developed poly-
DCPD aerogels for long-term performance and durability, further optimization of the
manufacturing process, and ensuring scalability for mass production. This research will

be a crucial pillar for building future energy-efficient societies.

Source: https://www.energy.gov/cmei/systems/project-profile-innovative-thermal-energy-storage-
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Specialty Fruit Coatings Market Projected to Reach $7.6
Billion by 2033, Driven by Multifunctional Innovations

Published May 14, 2026  openPR.com  Global

I OVERVIEW

The global specialty fruit coatings market is forecast to reach $7.6 billion by 2033,
fueled by innovative products incorporating functional ingredients. Growth is
propelled by demand for extended shelf life, quality preservation, and enhanced
safety, with the emergence of multifunctional coatings featuring antimicrobial, self-
healing, and smart capabilities. Advancements in nanotechnology,
microencapsulation, and plant-based coatings are notable, as key market players

deliver sustainable solutions.
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This article provides an overview of a market research report published by openPR.

Report Overview

This market research report focuses on the global market for specialty fruit coatings,
analyzing its current status, technological innovations, growth drivers, and future market
forecasts. The research period covers 2026 to 2033, detailing market trends by product

type, application area, and region.

Key Findings / Results

According to the report, the global market for specialty fruit coatings is projected to
reach $7.6 billion by 2033, indicating robust growth. This growth is primarily driven by

the following factors:

e Extended Shelf Life and Quality Preservation: Driven by consumer demand and the
need to reduce food waste, there is increasing interest in coatings that keep fruit

fresh for longer periods.

¢ Innovative Multifunctional Coatings: Beyond mere protective functions, products
with multiple functionalities such as antimicrobial properties, self-healing capabilities,
and smart coatings (e.g., ripeness indicators via color change) are entering the

market.

e Advancements in Nanotechnology and Microencapsulation: Technologies that
incorporate nanoparticles and microcapsules into coating materials are developing,

allowing for controlled release of active ingredients or enhanced protective functions.

¢ Rise of Plant-Based Coatings: Due to growing environmental awareness and
concerns about synthetic chemicals, natural and bio-based fruit coatings are gaining
popularity. For example, coatings using cellulose, chitosan, and proteins are being

developed.

e Key Market Players: Leading market players are actively investing in product
development focused on multifunctionality, safety, and sustainability, establishing

competitive advantages by introducing new technologies to the market.



About the Publisher

openPR.com is a press release distribution service that publishes news releases from
companies and organizations worldwide. This report was prepared by a market research
firm and distributed through openPR. While openPR itself is not a research company;, it
serves as a comprehensive source of information on market trends and technological
innovations across various industrial sectors. Typically, detailed reports are available for

purchase, but the public summaries are useful for grasping key market trends.
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Silane-Modified ZIF-8/PDMS Mixed Matrix Membranes
Achieve Enhanced Pervaporation Recovery of Furfural

Published May 13, 2026  ACS Publications (ACS Omega) USA

| overview

This research reports that silane-modified ZIF-8/PDMS mixed matrix membranes
(MMMs) demonstrate superior separation performance for furfural recovery via
pervaporation. Specifically, the silane modification of ZIF-8 improves interfacial
compatibility with the PDMS matrix, leading to enhanced furfural permeability and
high separation factors. Efficient recovery of furfural, a biomass-derived platform
chemical, is crucial for sustainable chemical industries, and this membrane technology

offers an environmentally friendly separation process.
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Background

Biomass-derived chemical production is a critical approach for transitioning away from
fossil fuel dependence and realizing a sustainable society. Furfural is one of the key
platform chemicals generated from biomass, highly valuable as an intermediate for
synthesizing various chemicals. However, furfural often exists in low concentrations in
aqueous solutions, posing a challenge for establishing efficient and selective recovery
technologies. Traditional distillation and extraction methods consume significant energy
and have high environmental impacts. Membrane separation processes, particularly
pervaporation (PV), are gaining attention as technologies capable of high-efficiency
separation with low energy consumption. Still, there was a need for high-performance
membrane materials that could selectively separate organic compounds like furfural

from water mixtures.

Key Findings / Results

This study developed a mixed matrix membrane (MMM) combining silane-modified ZIF-
8 (Zeolitic Imidazolate Framework), a metal-organic framework (MOF), and PDMS
(polydimethylsiloxane), a polymer, demonstrating its excellent performance for furfural

recovery via pervaporation. The key technical features are as follows:

e Selection of ZIF-8: ZIF-8 is considered promising as a membrane material with
molecular sieving capabilities due to its uniform microporous structure and high
thermal and chemical stability. It has the potential to exhibit high selectivity for

specific molecules like furfural.

¢ Improved Interfacial Compatibility via Silane Modification: In MMMs combining
MOFs and polymers, a common problem is the degradation of membrane
performance due to poor interfacial compatibility between the two components. In
this research, the surface of ZIF-8 was modified with a silane coupling agent,
significantly improving the adhesion between ZIF-8 and the PDMS matrix. This
enhanced interfacial compatibility is crucial for suppressing defect formation in the

membrane and optimizing the permeation pathway for furfural molecules.



e PDMS Matrix: PDMS is widely used as a polymer matrix for pervaporation
membranes due to its hydrophobicity and selectivity for organic molecules. When
combined with silane-modified ZIF-8, it further enhances selectivity and permeability

for furfural.

¢ Excellent Pervaporation Performance: The developed silane-modified ZIF-8/PDMS
MMM achieved both high permeation flux (permeation rate) and a high separation
factor (selectivity) for furfural recovery from furfural-water mixtures. This enables
efficient separation and recovery of furfural from low-concentration aqueous

solutions.

This research integrates MOF and polymer membrane technologies, offering a new

solution for biomass-derived chemical separation processes.

Technical Significance & Outlook

This furfural recovery technology using silane-modified ZIF-8/PDMS mixed matrix
membranes has the potential to bring significant impact to the development of

sustainable chemical industries. Its main contributions and outlook are as follows:

¢ Promotion of Biomass Utilization: Efficient furfural recovery enhances the economic
viability of producing valuable chemicals from biomass, contributing to the

promotion of biomass utilization.

¢ Environmentally Friendly Separation Process: By significantly reducing energy
consumption compared to traditional distillation and extraction methods,

pervaporation lowers the environmental impact of the chemical industry.

e Advancement of Membrane Separation Technology: Solving challenges related to
interfacial compatibility between MOFs and polymer membranes provides crucial
insights for the design and performance improvement of mixed matrix membranes in
general, also contributing to the development of other membrane separation

technologies such as water treatment, gas separation, and fuel cells.

Future challenges include establishing large-scale membrane manufacturing
technologies, evaluating long-term durability under real-world conditions, and
expanding the scope of application to various biomass-derived chemicals. This research,
through the fusion of membrane materials science and sustainable chemical process

engineering, will serve as a foundational technology supporting the future bio-economy.
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