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All 46 Articles This Week ― 5-Axis Evaluation Matrix
How to read columns ― Tech Novelty: degree of breakthrough Market Proximity: closeness to commercialization Market Impact:
industry-wide effect Data Reliability: quantitative data & peer review US/EU Relevance: direct impact on US/European companies & supply
chains

# Article Title Type Tech
Novelty

Market
Proximity

Market
Impact

Data
Reliability

US/EU
Relevance Summary

#01
AI for Sustainable
Energy

Research
●●●●

●
●●○○

○
●●●●

○
●●●●

○
●●●●

○

AI transforms sustainable energy materials
discovery via ML, generative AI, autonomous
experimentation.

#02
Element Solutions
Acquired

Corporat
e

Strategy

●○○○
○

●●●●
●

●●●●
●

●●●●
○

●●●●
●

Solstice acquires Element Solutions for $14.5B,
creating semiconductor materials powerhouse.

#03
Organic Solar Cell
Limits

Research
●●●●

○
●●○○

○
●●●○

○
●●●●

●
●●●●

●
Organic solar cell efficiency boosted by extending
exciton lifetimes; AI integration planned.

#04
Emerald Circular
Strategy

Corporat
e

Strategy

●●○○
○

●●●○
○

●●●○
○

●●●○
○

●●●●
○

Emerald invests in circular, functional materials
(recyclable, self-healing) for resilience.

#05
MAASS MMSLA 3D
Printer

New
Product

●●●●
○

●●●●
○

●●●○
○

●●●●
○

●●●●
○

MAASS launches 'Shimmy' MMSLA 3D printer for
micro-scale multi-material additive
manufacturing.

#06
IMDEA & Abioinnova
AM

Partnersh
ip

●●○○
○

●●●○
○

●●●○
○

●●●○
○

●●●●
●

IMDEA and Abioinnova partner to boost additive
manufacturing for biomedical applications.

#07
EU E-waste
Recycling Act

Policy
●●○○

○
●●●●

●
●●●●

○
●●●○

○
●●●●

●

EU to prioritize e-waste recycling over new
mining for strategic autonomy in critical
materials.

#08
Smart Coating
Portfolios

Market
Overview

●●○○
○

●●●●
●

●●●●
○

●●●○
○

●●●●
○

Major players expand smart coating portfolios
with self-healing, anti-corrosion tech.

#09
Eco&Dream; Solid
Electrolyte

Research
●●●●

○
●●○○

○
●●●●

○
●●●○

○
●●●○

○
Eco&Dream; begins sulfide solid electrolyte
development for all-solid-state batteries.

#10
Rapid HEA
Nanoparticle Syn

Research
●●●●

●
●○○○

○
●●●●

○
●●●●

●
●●●●

●
UB develops one-step process for rapid synthesis
of HEA nanoparticles for clean energy catalysts.

#11 Proterial India Plant
Corporat

e
Strategy

●●○○
○

●●●●
○

●●●●
○

●●●●
○

●●●●
○

Proterial invests $225M in India for rare earth
magnet plant, diversifying supply from China.

#12
Mitsubishi Chem US
Expand

Corporat
e

Strategy

●○○○
○

●●●●
●

●●●○
○

●●●●
○

●●●●
●

Mitsubishi Chemical invests $20.3M to expand US
high-performance thermoplastic production.

#13
Metamaterials for
MRI

Research
●●●●

●
●●○○

○
●●●●

○
●●●●

○
●●●●

●
Metamaterials enhance MRI clarity and speed for
brain/eye imaging, improving diagnostics.

#14
Singapore A-HUB AI
Mat

Partnersh
ip

●●●●
○

●●○○
○

●●●●
○

●●●○
○

●●●○
○

Singapore's A-HUB combines AI, atomic/additive
manufacturing for rapid materials discovery.
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Market
Impact
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US/EU
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#15
XZnBi Thermoelectric
ZT

Research
●●●●

●
●○○○

○
●●●●

○
●●●●

●
●●●○

○
Layered Zintl materials achieve record ZT of 1.99
for thermoelectric waste heat recovery.

#16
Self-Healing Stone
Mat

Research
●●●○

○
●●○○

○
●●●○

○
●●●○

○
●●●●

○

Self-healing materials via
microencapsulation/dynamic bonds extend stone
lifespan.

#17
CAS Scalable
Metamaterials

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

○
●●○○

○
CAS develops scalable printing for multi-scale
optical metamaterials, revolutionizing photonics.

#18
Argonne ChemGraph
AI

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

○
●●●●

●

Argonne's 'ChemGraph' AI tool accelerates
materials design and discovery on
supercomputers.

#19 NIR LCE Actuator Research
●●●●

○
●●○○

○
●●●○

○
●●●●

●
●●●●

○
NIR light-driven LCE actuators overcome UV
limits for biomedical soft robotics.

#20
MIT Solid-State
Battery

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

●
●●●●

●

MIT identifies electrical imbalance between
electrolyte grains as cause of solid-state battery
failure.

#21 Weldable TPLCEs Research
●●●●

○
●●○○

○
●●●○

○
●●●●

●
●●●●

○
Weldable TPLCEs with tunable actuation for
perceptive soft grippers and robotics.

#22 LCE Fiber 3D Printing Research
●●●●

○
●●○○

○
●●●○

○
●●●○

○
●●●●

○
One-step continuous LCE fiber spinning via liquid
ink 3D printing enhances soft robot agility.

#23
NIST Laser Stirring
3D

Research
●●●●

●
●●○○

○
●●●●

○
●●●●

●
●●●●

●
NIST's 'laser stirring' 3D printing creates complex
HEA/titanium alloy parts.

#24
Wearable TEG
Composite

Research
●●●●

○
●●○○

○
●●●○

○
●●●●

○
●●●○

○
Wearable Bi₂Te₃/HPMC@paper TEG continuously
powers pedometer from body heat.

#25
Ca₂Mg₂Cd₂Sb₄
Superlattice

Research
●●●●

●
●○○○

○
●●●●

○
●●●●

●
●●●○

○
Layered superlattices achieve high thermoelectric
ZT of 1.68 via interfacial decoupling.

#26
Technion
Metamaterial

Research
●●●●

○
●●○○

○
●●●●

○
●●●●

○
●●●●

○

Technion develops electro-momentum
metamaterial model for acoustic cloaking,
medical imaging.

#27
Samsung SDI
SolidStack

Corporat
e

Strategy

●●●●
○

●●●○
○

●●●●
●

●●●●
○

●●●●
○

Samsung SDI boosts sulfide-based ASSB
'SolidStack' for EVs and robotics, targeting 2027.

#28 Self-Healing Epoxy Analysis
●●●○

○
●●●○

○
●●●○

○
●●●○

○
●●●●

○
Self-healing epoxy coatings optimize flexible
circuit protection, extending lifespan.

#29 alqem AI Materials Startup
Funding

●●●●
○

●●●○
○

●●●●
○

●●●○
○

●●●●
●

German startup alqem raises €8M for AI-driven
rare-earth-free magnet discovery.

#30
China Rare Earth
Invests

Corporat
e

Strategy

●●○○
○

●●●○
○

●●●●
○

●●●○
○

●●○○
○

China Rare Earth invests in pilot lines for
advanced rare-earth powder materials for
aerospace.

#31
Porelio Materials
Scale

Startup
Funding

●●●○
○

●●●○
○

●●●○
○

●●●○
○

●●●●
●

Porelio raises €2.4M to scale materials for
precious metal recovery and PFAS removal.

#32
Niron
Rare-Earth-Free

New
Product

●●●●
○

●●●●
●

●●●●
●

●●●●
○

●●●●
●

Niron Magnetics ships first high-performance
rare-earth-free permanent magnets.

#33
OECD Advanced
Materials

Market
Overview

●○○○
○

●○○○
○

●●○○
○

●●○○
○

●●●○
○

OECD webinar discusses strategic role of
advanced materials in energy, semiconductors,
healthcare.

#34
CovationBio
Bio-Fibers

New
Product

●●○○
○

●●●●
●

●●●○
○

●●●●
○

●●●●
●

CovationBio commercializes bio-based fibers
(bioPTMEG, Sorona®) from plant sources.

#35
Morgan Advanced
Materials

Corporat
e

Strategy

●○○○
○

●●●○
○

●●○○
○

●●○○
○

●●●●
○

Morgan Advanced Materials secures funding,
acquires companies in advanced ceramics.

#36
Graphene
Self-Healing

Research
●●●●

○
●●○○

○
●●●●

○
●●●○

○
●●●●

○
Graphene oxide nanocapsules enable self-healing
smart coatings for industrial corrosion control.
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#37
Self-Healing
Polyurethane

Research
●●●●

○
●●○○

○
●●●○

○
●●●○

○
●●●●

○

Self-healing polyurethane elastomer for
multi-functional strain, temperature,
thermoelectric sensors.

#38
VUB Recyclable
Plastics

Research
●●●●

○
●●○○

○
●●●○

○
●●●○

○
●●●●

●
VUB develops self-healing, recyclable plastics via
Diels-Alder reaction for sustainability.

#39
REalloys & JS Link
LOI

Partnersh
ip

●●○○
○

●●●○
○

●●●●
○

●●●○
○

●●●●
●

US REalloys & SK JS Link partner for North
American rare-earth magnet supply chain.

#40
Tohoku/Sumitomo
SiC

Partnersh
ip

●●●○
○

●●●○
○

●●●○
○

●●●●
○

●●○○
○

Tohoku U & Sumitomo commercialize SiC
synthesis from CO2/silicon waste, boosting Japan
supply.

#41
Momentum REE
Recovery

Research
●●●●

○
●●●○

○
●●●●

○
●●●●

○
●●●●

●
Momentum Technologies recovers 99.9% pure
rare earths from e-waste via MSX technology.

#42
Engel Clearmelt Auto
Paint

New
Product

●●●●
○

●●●●
○

●●●●
●

●●●●
○

●●●●
●

Engel's Clearmelt produces self-healing Class A
automotive surfaces, eliminating paint lines.

#43
Avadain LTDF
Graphene

Startup
●●●●

○
●●○○

○
●●●●

○
●●●○

○
●●●●

●

Avadain's LTDF graphene targets critical
minerals, rare-earth-free magnets, power
electronics.

#44
Polymer Smart
Materials

Market
Overview

●●○○
○

●○○○
○

●●○○
○

●●●●
●

●●●○
○

Review highlights polymer-based smart materials
for adaptive, sustainable robotics.

#45
Fraunhofer Porous
3D

Research
●●●●

○
●●○○

○
●●●○

○
●●●●

○
●●●●

●
Fraunhofer IWM develops 3D printing for porous
functional materials with customizable porosity.

#46
Eindhoven Artificial
Hand

Research
●●●●

○
●●○○

○
●●●○

○
●●●●

○
●●●●

○

Eindhoven develops artificial hand with
light-responsive LCPs with 'memory' for soft
robotics.

●●●●○ High ●●●○○ Med-High ●●○○○ Med ●○○○○ Low | Yellow highlight = featured article
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Three Questions That Demand Your Decision This Week

❶ Is your rare earth supply chain resilient to geopolitical shifts?
China's investment in advanced rare-earth powders (#30) and US/Japan/SK efforts to diversify/develop
alternatives (#11, #32, #39, #41, #43) signal a critical decoupling. Assess your reliance on Chinese rare
earths and explore non-Chinese sources or rare-earth-free alternatives like Niron Magnetics' commercialized
iron nitride magnets.

❷ Are you leveraging AI to accelerate your materials R&D;?
Breakthroughs in AI-driven materials discovery (#01, #14, #18, #29) are dramatically shortening
development cycles. Evaluate your current R&D; pipeline for AI integration opportunities to gain a competitive
edge in new material development, from sustainable energy to rare-earth-free magnets.

❸ How will next-gen battery breakthroughs impact your EV/ESS strategy?
All-solid-state batteries are nearing commercialization with Samsung SDI targeting 2027 (#27), while MIT
identifies key failure mechanisms (#20). Assess the safety, energy density, and charging implications for your
product roadmaps and material procurement, considering both opportunities and risks.

Opportunities vs. Threats for US/European Companies

Opportunity vs. Threat Matrix for US/European Companies

Opp. > Threat Both High

Low Impact Threat > Opp.

←
 O

pp
or

tu
ni

ty
 →

← Threat →

REE AltAI Mat

ASSBSelfHeal

3D Print

Metamats

EU Circ

Item Quadrant ↑ Opportunity ↓ Threat

● REE Alt Critical Diversify supply China dominance

● AI Mat Opp. Faster R&D; Lagging adoption

● ASSB Critical Safer, higher density Dendrite risk

● SelfHeal Opp. Extend lifespan Limited adoption

● 3D Print Opp. Complex parts Niche tech

● Metamats Opp. Imaging, sensing Early stage
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● EU Circ Opp. Sustainable materials Regulatory pressure
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Deep Dive ① ― Rare-Earth-Free Magnets Commercialized
#32 | 2026/07/02 | Rare Earth Exchanges Podcast | Tech Novelty●●●●○ Proximity●●●●● Market Impact●●●●●
Data Reliability●●●●○ US/EU Relevance●●●●●

Niron Magnetics has begun commercial shipments of high-performance iron nitride permanent magnets,
marking the first new permanent magnet material in decades. This eliminates reliance on rare-earth
elements, offering a sustainable alternative for EVs and defense systems.

The company is actively pursuing motor qualifications with automotive OEMs and defense clients, anticipating
a streamlined qualification period of 15-24 months for defense applications, signaling rapid market entry.

▶ Strategic Analyst's Perspective

Niron's commercialization of rare-earth-free magnets is a critical step towards supply chain
independence for US/EU. While initial performance may not fully match top-tier NdFeB, the
geopolitical stability and cost potential are immense. Technical barriers include scaling
production and achieving broad OEM qualification. [Opportunity] Secure diversified magnet
supply, reduce geopolitical risk. [Threat] Existing rare-earth suppliers face disruption; those
reliant on China are exposed. [Action] Procurement/Strategy: Evaluate Niron's samples
immediately, assess integration into next-gen motor designs by Q4 2026. R&D;: Investigate
iron nitride material science for further performance gains.

Deep Dive ② ― Samsung SDI's SolidStack ASSB for EVs
#27 | 2026/07/07 | Samsung SDI | Tech Novelty●●●●○ Proximity●●●○○ Market Impact●●●●● Data
Reliability●●●●○ US/EU Relevance●●●●○

Samsung SDI is focusing on sulfide-based all-solid-state battery (ASSB) technology for its 'SolidStack' line,
integrating proprietary solid electrolytes and anode-free technology.

This aims to maximize energy density while ensuring battery safety and extended lifespan for electric
vehicles (EVs) and robotics, with commercialization targeted for 2027, positioning them as a key player.

▶ Strategic Analyst's Perspective

Samsung SDI's 2027 commercialization target for sulfide ASSBs is ambitious but credible,
given their deep R&D.; The anode-free design promises high energy density, but challenges
like dendrite formation (as highlighted by MIT #20) and interfacial stability remain critical
technical hurdles. [Opportunity] Early access to next-gen battery tech for EVs/ESS, potential
for safer, higher-performance products. [Threat] Lagging in ASSB development could cede
market leadership to Asian competitors. [Action] R&D;: Deep dive into sulfide electrolyte
stability and anode-free integration by Q3 2026. Procurement: Engage Samsung SDI and other
ASSB developers to understand supply timelines and performance benchmarks by Q4 2026.
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Deep Dive ③ ― Self-Healing Automotive Class A Surfaces
#42 | 2026/07/09 | Plastics Today | Tech Novelty●●●●○ Proximity●●●●○ Market Impact●●●●● Data
Reliability●●●●○ US/EU Relevance●●●●●

Engel's Clearmelt process directly produces scratch-resistant, self-healing Class A surfaces for large
automotive exterior parts within the injection mold itself.

This innovative technique eliminates conventional painting, coating, and polishing steps, significantly
reducing defect rates, unit costs, and environmental impact. It also allows direct integration of functional
films for LiDAR/radar transparency.

▶ Strategic Analyst's Perspective

Engel's Clearmelt represents a significant leap in automotive manufacturing, offering both cost
savings and sustainability benefits by eliminating paint lines. The self-healing capability is a
strong differentiator for consumer appeal and reduced warranty claims. Technical barriers
include material compatibility for integrated films and long-term durability validation under
diverse environmental conditions. [Opportunity] Revolutionize automotive exterior production,
reduce CAPEX/OPEX, enhance product features. [Threat] Traditional paint suppliers and
automotive OEMs not adopting this face competitive disadvantage. [Action]
Executive/Strategy: Form cross-functional team (R&D;, Manufacturing, Procurement) to
evaluate Clearmelt for next-gen vehicle platforms by Q4 2026. R&D;: Benchmark self-healing
performance against current solutions.

Other Notable Articles
AI Revolutionizes Sustainable Energy Materials Discovery (Preprints.org)
Tech Novelty●●●●● Proximity●●○○○ Market Impact●●●●○

AI is fundamentally transforming materials R&D;, accelerating discovery for sustainable energy systems.

Metamaterials Revolutionize MRI: Brain and Eye Imaging Achieves Unprecedented Clarity (ScienceDaily)
Tech Novelty●●●●● Proximity●●○○○ Market Impact●●●●○

Metamaterials enhance MRI clarity and speed, promising major diagnostic advancements for brain and eye
imaging.

NIST Pioneers 3D 'Laser Stirring' Technique to Create Complex, Previously 'Impossible' High-Entropy and Titanium Alloy Parts (New Atlas)
Tech Novelty●●●●● Proximity●●○○○ Market Impact●●●●○

NIST's 'laser stirring' 3D printing enables complex, high-performance HEA and Ti alloy parts, expanding AM
capabilities.

Momentum Technologies Achieves 99.9% Pure Rare Earth Recovery from Recycled Feedstocks via Membrane Solvent Extraction (MSX) (AL Circle)
Tech Novelty●●●●○ Proximity●●●○○ Market Impact●●●●○

US company achieves high-purity rare earth recovery from e-waste, boosting domestic supply chain
resilience.
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Recommended Actions This Week

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

▍Immediate (this week)
• [Procurement] Identify current rare-earth magnet suppliers and assess their geopolitical risk
exposure, especially to China.

• [R&D;] Initiate internal review of AI tools and platforms for materials discovery, benchmarking against
ChemGraph (#18) and alqem (#29).

• [Executive] Schedule a cross-functional workshop on the implications of self-healing surfaces for
product durability and manufacturing costs.

▍Short-term (1 month)
• [Strategy] Develop a roadmap for diversifying critical material supply chains, including rare-earth-free
alternatives (#32, #43) and recycling initiatives (#41).

• [R&D;] Formulate pilot projects for integrating AI/ML into materials design workflows, focusing on
sustainable energy materials (#01).

• [Business Dev] Engage with Samsung SDI (#27) and other ASSB developers to understand their
commercialization timelines and technical specifications.

▍Medium-long term (quarter+)
• [Manufacturing] Evaluate Engel's Clearmelt technology (#42) for integration into future automotive or
industrial production lines, including CAPEX/OPEX analysis.

• [R&D;] Investigate metamaterial applications for next-gen sensors, medical imaging (#13, #26), and
photonics (#17), considering long-term strategic investments.

• [Legal/IP] Monitor evolving EU Advanced Materials Act (#07) and its impact on circular economy
requirements and material sourcing strategies.
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#36 Graphene Oxide Nanocapsules Enable Self-Healing Smart Coatings, Revolutionizing
Industrial Corrosion Control

#37 Multi-Functional Self-Healing Polyurethane Elastomer Developed for Advanced Strain
Sensors

#38 VUB Researcher Lise Vermeersch Develops Self-Healing, Recyclable Sustainable Plastics
via Diels-Alder Reaction

#39 REalloys and JS Link Sign LOI to Develop Fully Integrated North American Rare-Earth
Magnet Platform, Accelerating Decoupling from China

#40 Tohoku University & Sumitomo Corp. Commercialize Innovative Silicon Carbide Synthesis
from CO2 and Silicon Waste, Enhancing Japan's Supply Chain Resilience

#41 Momentum Technologies Achieves 99.9% Pure Rare Earth Recovery from Recycled
Feedstocks via Membrane Solvent Extraction (MSX)

#42 Engel's Clearmelt Technology Eliminates Automotive Paint Lines, Directly Produces Self-
Healing Class A Surfaces in Injection Molds

#43 US-Based Avadain Pioneers LTDF Graphene for Critical Minerals, Rare-Earth-Free

Magnets, and High-Efficiency Power Electronics

#44 Comprehensive Review Highlights Polymer-Based Smart Materials as Key Drivers for
Adaptive and Sustainable Robotic Systems

#45 Fraunhofer IWM Develops 3D Printing for Porous Functional Materials with Customizable
Porosity and Strength, Optimizing Energy Conversion

#46 Eindhoven University Develops Artificial Hand Controlled by Light-Responsive Liquid
Crystal Polymers with 'Memory,' Mimicking Human Motion



#01 AI Revolutionizes Sustainable Energy Materials
Discovery: Accelerating Development with Machine
Learning and Generative AI

OVERVIEW

A new preprint highlights how AI is fundamentally transforming the discovery and

optimization of advanced materials for sustainable energy systems, leveraging

sophisticated AI-driven prediction, inverse design, autonomous experimentation, and

intelligent decision-making. This includes advancements across machine learning,
deep learning, graph neural networks, transformer models, generative AI, and large

language models. The integration of AI promises to dramatically shorten

development cycles and enhance the efficiency of creating new functional materials

critical for energy conversion, storage, and utilization.

Published July 09, 2026  Preprints.org  International



IN DEPTH

Key Findings

Artificial Intelligence (AI) is set to dramatically accelerate the discovery and optimization
of advanced materials, particularly those critical for transitioning to sustainable energy
systems. The review emphasizes how AI-powered predictive modeling, inverse design,
autonomous experimentation, and intelligent decision-making are crucial for meeting
the urgent demand for functional materials that enhance energy conversion, storage,
and and utilization technologies.

Technical / Clinical Details

The paper thoroughly evaluates the progress across the entire AI-driven materials
discovery workflow, detailing the application of various AI techniques. Machine learning
(ML), deep learning (DL), graph neural networks (GNNs), transformer models, generative
AI, and large language models (LLMs) are all explored for their capabilities in materials
science. These tools enable the extraction of complex patterns from vast material
datasets, accurate prediction of novel material properties, and the optimization of
existing materials. Generative AI, for example, can explore design spaces for materials
meeting specific functional requirements and propose entirely new structures.
Autonomous laboratories, driven by AI, can independently adjust experimental
conditions, collect and analyze data, and plan subsequent experiments, accelerating the
materials development cycle without human intervention. This shift marks a significant
departure from traditional trial-and-error methods, allowing for more systematic and
efficient exploration of the materials landscape. The ability of GNNs to model atomic
interactions and predict properties based on crystal and molecular structures is
particularly highlighted as a breakthrough.



Background & Context

The global push for climate change mitigation and energy security necessitates rapid
innovation in high-performance energy materials. Conventional materials development,
often characterized by laborious experimentation and lengthy lead times, has struggled
to keep pace with demand. The introduction of AI seeks to overcome these bottlenecks,
enabling faster and more cost-effective creation of breakthrough materials. Sustainable
energy applications, including solar cells, batteries, fuel cells, and catalysts, all rely on
continuous advancements in functional materials to improve efficiency, durability, and
cost-effectiveness. This convergence of AI and materials science is therefore strategically
important for global sustainability goals.

Strategic Significance & Outlook

Integrating AI into materials discovery empowers researchers and engineers to tackle
complex material design challenges previously deemed intractable. This is expected to
lead to the development of higher-performing, more durable, and more cost-effective
energy materials. In the long term, AI is poised to become a standard tool in materials
science, fundamentally transforming the entire process from material design and
synthesis to characterization and commercialization. This transformation will accelerate
the evolution of energy technologies, contributing significantly to the realization of a
sustainable society and potentially opening up entirely new industrial sectors based on
novel material capabilities.

Source: https://www.preprints.org/manuscript/202607.0644

Collected: July 10, 2026 | Automated Research System (Gemini API)
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#02 Element Solutions Acquired by Solstice Advanced
Materials for $14.5 Billion, Creating Semiconductor
Materials Powerhouse

OVERVIEW

Element Solutions Inc. (ESI) has agreed to be acquired by Solstice Advanced Materials

for approximately $14.5 billion, forming a new advanced materials platform. This

integration will significantly strengthen their presence in high-growth markets such as

semiconductors, electronics, AI infrastructure, data centers, and industrial
technologies. Scheduled for completion in the first half of 2027, the combined entity

will leverage an expanded technological portfolio and market access to establish

global leadership in critical advanced materials.

Published July 07, 2026  Industry News (Zacks Investment Research)  USA



IN DEPTH

Key Findings

Element Solutions Inc. (ESI), a prominent provider of specialty chemicals, has entered
into a definitive agreement to be acquired by Solstice Advanced Materials for an
approximate value of $14.5 billion. This strategic merger is poised to create a formidable
advanced materials platform, enhancing the combined entity's market presence across
high-growth end markets including semiconductors, electronics, AI infrastructure, data
centers, and industrial technologies.

Technical / Clinical Details

ESI has established a strong track record in areas such as electroplating, chemical
mechanical planarization (CMP), and specialized chemical formulations, providing
indispensable materials for semiconductor manufacturing processes. Solstice Advanced
Materials, conversely, brings to the table advanced materials technologies and innovative
capabilities that cater to a broad spectrum of industrial applications. The integration of
these two entities will consolidate their technological expertise and product portfolios,
enabling the delivery of more comprehensive and innovative material solutions to the
market. Specifically, this merger is expected to accelerate the development of high-
performance materials crucial for next-generation technologies, such as the
miniaturization of semiconductor devices, enhancement of AI chip performance, and
improvement of cooling efficiency in data centers. The combined company plans to
bolster its R&D investments and offer customized material solutions tailored to evolving
customer needs, thereby solidifying its competitive advantage.

Background & Context

Sectors like semiconductors, AI infrastructure, and data centers are core drivers of the
digital economy, making the advanced materials that underpin them increasingly vital.
The proliferation of generative AI and edge AI demands even higher performance and
reliability from these critical materials. This acquisition is strategically positioned as part
of a larger consolidation trend responding to rapid market changes and the need to
address complex technological challenges. From the perspective of strengthening global
supply chain resilience, consolidation and scale in the advanced materials sector carry
significant strategic importance, ensuring robust and reliable material supply for critical
industries.



Strategic Significance & Outlook

The acquisition, anticipated to close in the first half of 2027, is expected to have a
profound impact on the advanced materials industry. The integrated new company,
benefiting from technological synergies and expanded market reach, is poised to exert
stronger leadership in high-growth areas like semiconductors and AI. Customers can
anticipate a broader product portfolio and integrated technical support. Furthermore,
this merger is expected to drive efficiency and innovation across the advanced materials
supply chain, contributing to the overall competitiveness of the industry in the long term.
For investors, this represents a significant opportunity to capitalize on the burgeoning
market for high-performance materials, creating new avenues for growth and value
creation in a rapidly evolving technological landscape.

Source: https://www.zacks.com/stock/news/2949123/esi-to-be-acquired-by-solstice-creating-advanced-

materials-leader
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#03 Linköping University Breaks Organic Solar Cell
Efficiency Limits: Extends Electron Exciton Lifetimes,
Plans AI Integration

OVERVIEW

Researchers at Linköping University have achieved a significant breakthrough in

organic solar cell technology, demonstrating efficiencies higher than previously

thought possible. By extending the excited state lifetime of electrons, their work

overcomes the critical 'fill factor' limitation, positioning organic semiconductors to
rival inorganic counterparts in photovoltaic applications. The team plans to integrate

machine learning to accelerate future materials discovery and performance

optimization.

Published Published July 02, 2026  Compound Semiconductor News  スウェーデン



IN DEPTH

Background

Organic solar cells present distinct advantages over conventional silicon-based
technologies, including inherent flexibility, transparency, and the promise of low-cost,
large-area manufacturing. Despite these benefits, a significant hurdle to their widespread
commercialization has been the necessity for enhanced power conversion efficiency
(PCE). Historically, inefficient charge separation and limited charge carrier lifetimes have
been the primary factors constraining their performance. This new research from
Linköping University directly tackles these fundamental limitations, positioning organic
photovoltaics as a more competitive and viable option for diverse applications, ranging
from wearable electronics and IoT sensors to building-integrated photovoltaics (BIPV).

Key Findings

A research team at Linköping University in Sweden has achieved a groundbreaking
method to push beyond the conventional efficiency limits of organic semiconductor-
based solar cells. Through significantly extending the excited state lifetime of electrons,
they have successfully enhanced the fill factor (FF) of organic photovoltaics, thereby
surpassing previously perceived theoretical performance ceilings.

The researchers meticulously optimized the design and processing of specific organic
semiconductor materials, revealing a novel mechanism that enables photo-excited
electrons to maintain their energy for a substantially longer duration. This critical
advancement dramatically lowers the probability of charge recombination before
electrons can be efficiently collected at the electrodes as current. While conventional
organic solar cells have historically faced challenges with lower fill factors compared to
their inorganic counterparts, this study provides a crucial pathway to surmount this
fundamental physical barrier. By integrating a profound understanding of materials
science with device physics, the team developed innovative molecular structures and
thin-film deposition techniques. These innovations collectively enhance both exciton
dissociation efficiency and charge carrier transport efficiency. This accomplishment
markedly bolsters the practical viability of organic semiconductors as high-performance
photovoltaic devices, preserving their intrinsic benefits of flexibility, lightweight nature,
and potential for economical manufacturing.



Leveraging these promising results, the research team intends to integrate machine
learning (ML) techniques to accelerate future materials discovery and further refine solar
cell performance. ML offers the capability to efficiently identify optimal candidates from
a vast combinatorial space of materials and to automate experimental processes, thereby
significantly shortening the development cycle for novel materials. This data-driven
approach will be instrumental in elevating organic solar cell PCEs to even higher levels,
ultimately achieving commercially viable efficiencies. This breakthrough thus holds
immense potential to expand the utility of organic semiconductor-based devices within
the future of sustainable energy technologies, fostering the emergence of novel
applications and contributing to a more diversified and resilient energy landscape.

Source:

https://compoundsemiconductor.net/article/124627/Pushing_the_boundaries_of_organic_solar_cells
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#04 Emerald Drives Circular and Functional Materials
Strategy to Enhance Resilience in Chemical and
Materials Industries

OVERVIEW

Emerald is actively pursuing circular and functional materials strategies to bolster

resilience in the materials and chemical industries. The company primarily invests in

fully recyclable, biodegradable, or easily deconstructed advanced materials like

modular composites and closed-loop polymers to reduce environmental impact and
enable circular supply chains. Simultaneously, Emerald focuses on functional and

smart materials such as self-healing coatings and temperature-adaptive composites

to drive high performance and differentiation across sectors from aerospace to

consumer electronics, aiming for both environmental benefits and market

competitiveness.

Published July 09, 2026  Emerald  International



IN DEPTH

Key Findings

Emerald is actively implementing an advanced materials strategy aimed at enhancing
supply chain resilience within the materials and chemical industries. This strategy
prioritizes investments in fully recyclable, biodegradable, or easily deconstructed and
reused materials to mitigate environmental impact and foster a circular economy.
Concurrently, the company is intensifying its focus on developing smart materials that
possess advanced functionalities such as self-healing capabilities, conductivity, and
temperature responsiveness.

Technical / Clinical Details

Emerald specifically invests in advanced materials, including modular composites and
closed-loop polymers, designed to minimize environmental impact throughout their
entire product lifecycle. These materials are engineered for easy separation, recovery,
and reprocessing after use, marking a significant departure from traditional linear
economic models. This approach contributes to building sustainable supply chains by
reducing raw material consumption and minimizing waste generation. Furthermore, the
company is heavily investing in the development of functional and smart materials such
as self-healing coatings, which automatically repair damage and extend product lifespan;
conductive fabrics, applicable in smart textiles and IoT devices; and temperature-
adaptive composites, which adjust their properties in response to specific temperature
changes. These materials enable enhanced performance and product differentiation
across a wide range of applications, from lightweight structural components in
aerospace to consumer electronics, medical devices, and automotive sectors.



Background & Context

The contemporary materials and chemical industries face multiple challenges, including
resource depletion, increasingly stringent environmental regulations, and supply chain
disruptions. In response, companies are compelled to shift from conventional material
development approaches to more sustainable and resilient solutions. The transition
towards a circular economy is not merely an environmental imperative but also offers
opportunities for business model innovation and new value creation. Functional and
smart materials are key to adding value to products and opening up new market
segments. Emerald's strategy actively responds to these trends, aiming to establish a
competitive advantage by delivering future-oriented material solutions.

Strategic Significance & Outlook

Emerald's materials strategies are expected to significantly enhance its market
competitiveness in the long term. Investments in circular materials are essential for
companies to comply with environmental regulations and achieve Environmental, Social,
and Governance (ESG) targets. Moreover, the development of functional materials
enables superior product performance and differentiation, creating new business
opportunities across diverse high-growth markets such as aerospace, automotive,
electronics, construction, and healthcare. This strategic focus positions Emerald as a
leading provider of sustainable and high-performance material solutions, playing a
crucial role in meeting future industrial needs. The pursuit of sustainability and
innovation will continue to accelerate as a core growth driver for the company.

Source: https://emerald.vc/packaging-materials
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#05 MAASS Unveils 'Shimmy,' World's First Multi-
Material Stereolithography (MMSLA) 3D Printer for
Micro-Scale Additive Manufacturing Breakthroughs

OVERVIEW

MAASS has introduced 'Shimmy,' the world's first multi-material stereolithography

(MMSLA) 3D printer, utilizing a dual-vat system to simultaneously print two distinct

materials with high precision. This innovative technology enables micro-scale control

over multiple materials, opening new avenues for integrated electronics, smart
materials, and next-generation manufacturing processes. Supporting highly

conductive and soluble support materials, and optimized for R&D, 'Shimmy' is poised

to accelerate prototyping and functional part production, making it a significant leap

in additive manufacturing capabilities.

Published July 03, 2026  VoxelMatters  International



IN DEPTH

Key Findings

MAASS has achieved a significant milestone in additive manufacturing technology with
the introduction of its pioneering multi-material stereolithography (MMSLA) 3D printer,
named 'Shimmy.' This innovative system incorporates a dual-vat architecture, enabling
the simultaneous, high-precision printing of two distinct materials—a capability that has
historically posed considerable challenges in the SLA domain.

Technical / Clinical Details

At the core of the 'Shimmy' printer's advanced capabilities is its dual-vat system. This
allows for the seamless transition between two independent resin vats during the
printing process, facilitating the incorporation of materials with differing physical or
chemical properties into a single, cohesive printed object. The MMSLA technology excels
in providing precise control over multiple materials at the micro-scale. This feature is
particularly crucial for manufacturing integrated electronics, microfluidic devices,
biomedical components, and complex smart material systems. For example, combining
highly conductive materials with insulating ones within the same object enables the
direct 3D printing of functional circuit boards or advanced sensors. Furthermore, its
compatibility with water-soluble or photo-degradable support materials significantly
simplifies post-processing for parts with intricate internal geometries. The build volume,
optimized for R&D applications, provides an ideal environment for material scientists
and engineers to rapidly prototype new materials and develop functional components
efficiently.



Background & Context

Traditional stereolithography (SLA) technologies have typically been limited to
processing a single type of material, necessitating multiple printers or complex post-
processing steps for multi-material fabrication. However, modern technological
demands, particularly for smart devices, biosensors, and AI chips, increasingly call for
complex, multi-functional material integration. MAASS's MMSLA technology addresses
this critical gap, representing a substantial advancement that enables the production of
highly functional additively manufactured parts. This innovation not only significantly
enhances design freedom but also has the potential to simplify manufacturing processes
and shorten product development cycles. The broader 3D printing industry recognizes
the shift from single-material to multi-material capabilities as an essential trend for
market expansion and the creation of novel applications across various sectors.

Strategic Significance & Outlook

The introduction of MAASS's 'Shimmy' printer is expected to accelerate innovation within
advanced manufacturing, particularly in integrated electronics and smart materials. As
adoption increases within the R&D market, the development of more complex and
higher-performance prototypes will become more efficient, leading to shorter time-to-
market for new products. In the long term, if this multi-material printing capability can
be scaled for mass production, it could enable the creation of entirely new classes of
products with functionalities currently unattainable through existing manufacturing
methods. This technology is poised to revolutionize a wide array of industrial sectors,
including robotics, wearable devices, and customized medical solutions, marking a
pivotal moment in the evolution of additive manufacturing.

Source: https://www.voxelmatters.com/maass-launches-multi-material-stereolithography-mmsla-printer/

Collected: July 10, 2026 | Automated Research System (Gemini API)

https://www.voxelmatters.com/maass-launches-multi-material-stereolithography-mmsla-printer/


#06 IMDEA Materials Institute and Abioinnova Partner
to Boost Additive Manufacturing for Biomedical
Applications

OVERVIEW

Spain's IMDEA Materials Institute and Abioinnova, a Salamanca-based high-tech

incubator, are exploring a strategic partnership to accelerate innovation in additive

manufacturing for biomedical applications. This collaboration targets advancements

in 3D printing of biocompatible materials and the fabrication of customized medical
devices, holding significant promise for next-generation medical technologies and

personalized healthcare.

Published Published July 02, 2026  IMDEA Materials Institute News  スペイン



IN DEPTH

Background

The profound integration of additive manufacturing (AM) technologies into the
biomedical field is actively revolutionizing the healthcare industry. AM enables the
creation of complex biological structures and highly customized medical solutions that
were previously unattainable through traditional manufacturing methods. Key drivers
accelerating growth in this sector include the aging global population and the escalating
demand for personalized medicine. Crucially, collaborations between esteemed
academic institutions and dynamic incubators are essential for bridging the gap from
fundamental scientific research to practical applied development and, ultimately,
successful commercialization. These synergistic partnerships are vital for the rapid
translation of cutting-edge research findings into tangible clinical applications and
widespread market deployment. IMDEA Materials Institute stands as a global frontrunner
in the research and development of a diverse array of advanced materials, encompassing
metals, polymers, and composites. Abioinnova, operating as a high-tech incubator, plays
a pivotal role in nurturing emerging technologies and startups within the biotechnology
and medical domains.

Key Findings

The IMDEA Materials Institute, a leading Spanish research center, has initiated
discussions with Abioinnova, a high-tech incubator nestled within the Salamanca
innovation ecosystem, to explore significant collaborations in additive manufacturing
(AM) technologies tailored for the biomedical sector. This strategic engagement is
poised to accelerate innovation across both advanced materials research and their
industrial deployment.



Technical Deep Dive

Additive manufacturing, in particular, has witnessed rapid expansion within biomedical
applications, largely owing to its unparalleled capacity to fabricate parts with intricate
geometries and its inherent flexibility in utilizing customizable materials. The recent
discussions between IMDEA Materials and Abioinnova likely delved into the intricacies of
3D printing using biocompatible materials—such as titanium alloys, polycaprolactone
(PCL), and polylactic acid (PLA) polymers—for applications ranging from tissue
engineering scaffolds (e.g., bones, cartilage, blood vessels) to the development of
patient-specific implants and precision surgical instruments. These pioneering
technologies are indispensable for enhancing patient outcomes and propelling the field
of personalized medicine forward. For instance, the ability to 3D print implants that
perfectly conform to the unique morphology of a damaged bone promises superior fit
and significantly accelerated recovery times.

Strategic Implications and Outlook

This nascent partnership between the IMDEA Materials Institute and Abioinnova is
poised to serve as a powerful catalyst, significantly accelerating the development of
advanced additive manufacturing solutions within the biomedical sector. Innovations
emerging from this collaboration hold the potential to yield groundbreaking new
medical devices, revolutionary regenerative medicine techniques, and highly customized
patient care paradigms, with far-reaching implications for healthcare industries not only
in Spain but across the globe. Looking ahead, this alliance is anticipated to establish new
benchmarks in biomaterial design, manufacturing processes, and rigorous clinical
evaluation, thereby fostering the widespread adoption of more effective and safer
medical technologies. This cooperative endeavor powerfully exemplifies how the
strategic fusion of advanced academic research and agile industrial innovation can
collectively contribute to solving pressing societal challenges while simultaneously
generating tangible economic value.

Source: https://materials.imdea.org/category/news/
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#07 EU Advanced Materials Act to Prioritize E-waste
Recycling Over New Mining for Strategic Autonomy,
Expected This Year

OVERVIEW

The European Commission's scientific advisory mechanism has recommended

industrial-scale e-waste recycling as a more realistic path to EU 'strategic autonomy'

in critical materials, moving away from new mining. This autonomy is defined by the

EU's ability to develop, assess, and deploy materials aligned with its values and public

interest. Key measures include creating a shared European data space, embedding

sustainability criteria from design, and fostering an innovation ecosystem to reduce

import dependencies ahead of the Advanced Materials Act.

Published Published July 08, 2026  r/europeanunion - Reddit (EU Scientific Advice Mechanism)
Europe連合



IN DEPTH

Background

Global economies face significant economic security risks from critical raw material
supply disruptions. Many essential materials, vital for digitalization and the green energy
transition, are concentrated geographically, making them vulnerable to geopolitical
tensions and supply chain instabilities. The EU aims to counter this import dependency
and bolster its industrial base through a circular economy, with e-waste recycling
offering lower environmental impact and efficient resource utilization compared to new
mining, addressing both sustainability and economic security objectives.

Key Findings

Ahead of the Advanced Materials Act, expected to be implemented later this year, the
European Commission's scientific advisory mechanism has issued a pivotal
recommendation: industrial-scale e-waste recycling for critical material recovery is a
more realistic and crucial pathway to achieving EU 'strategic autonomy' than new mining
operations. This directive provides a clear strategic direction for the EU to substantially
reduce its import dependency for key materials and build robust, sustainable supply
chains.

Technical Details

Strategic autonomy is defined as Europe's capability to develop, assess, and deploy
critical materials in alignment with its values and public interest. To achieve this, the
advisory mechanism proposes several concrete measures: establishing a shared
European data space for materials research to enhance data accessibility for researchers
and industry, fostering collaborative innovation; integrating safety and sustainability
criteria from the initial design phase of materials to reduce environmental impact
throughout the product lifecycle; and building a strong innovation ecosystem to
accelerate the rapid market introduction of research breakthroughs, strengthening ties
between academia and industry.



Strategic Outlook

These recommendations are expected to significantly influence the Advanced Materials
Act's final content. Through this legislation, the EU intends to support innovation across
the entire materials lifecycle, with a particular focus on enhancing investment in recycling
and resource recovery technologies. This comprehensive approach is designed to
establish a sustainable material supply system. Ultimately, the EU anticipates securing its
leadership in material supply for future technological innovations, thereby maintaining
and enhancing its global competitiveness.

Source: #
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#08 PPG, Nippon Paint, Sherwin-Williams Expand
Smart Coating Portfolios with Self-Healing, Anti-
Corrosion Technologies

OVERVIEW

The global smart coatings market is rapidly expanding, driven by significant

advancements in self-healing and anti-corrosion technologies. In June 2026, PPG

Industries enhanced its portfolio with self-healing and corrosion-monitoring coatings

for industrial and aerospace applications, while Nippon Paint Holdings strengthened
its self-cleaning and heat-reflective technologies for commercial infrastructure. Other

key players, including Sherwin-Williams, Axalta Coating Systems, and RPM

International, are introducing innovative solutions for antimicrobial surfaces,

integrated sensor coatings for structural degradation monitoring, and

nanotechnology-infused protective coatings, respectively, transforming industrial

applications worldwide.

Published July 08, 2026  openPR.com  Global



IN DEPTH

Key Findings

The global smart coatings market is experiencing accelerated growth, fueled by
breakthrough advancements in self-healing and anti-corrosion technologies. Leading
industry players such as PPG Industries, Nippon Paint Holdings, Sherwin-Williams, Axalta
Coating Systems, and RPM International are actively expanding their product portfolios
with innovative smart coating solutions, significantly broadening their applications across
various industrial sectors.

Technical / Clinical Details

In June 2026, **PPG Industries** announced an expansion of its smart coating offerings,
introducing self-healing and corrosion-monitoring coatings specifically designed for
industrial and aerospace applications. These advanced coatings promise extended
equipment lifespan and reduced maintenance costs in harsh environments. Concurrently,
**Nippon Paint Holdings** enhanced its self-cleaning and heat-reflective technologies
for commercial infrastructure, contributing to more efficient building maintenance and
reduced energy consumption.

Further innovations include **Sherwin-Williams'** bolstered antimicrobial and self-
cleaning surface solutions for commercial buildings and healthcare facilities in May,
critical for maintaining hygiene and reducing infection risks. In April, **Axalta Coating
Systems** unveiled coatings embedded with sensors for monitoring corrosion and
structural degradation, enabling real-time infrastructure assessment and predictive
maintenance. Meanwhile, **RPM International** reinforced its nanotechnology-
formulated protective smart coatings for industrial equipment, enhancing durability and
performance in extreme conditions.



Background & Context

Industries spanning manufacturing, construction, and aerospace are increasingly
demanding materials that offer extended lifespan, reduced maintenance, enhanced
safety, and lower environmental impact. Traditional coatings are susceptible to
degradation and damage, necessitating frequent reapplication and repair. Smart
coatings address these challenges by possessing autonomous self-healing capabilities
and responsiveness to environmental changes. The integration of IoT and AI
technologies further transforms coatings from mere protective layers into intelligent
surfaces capable of advanced functionalities.

Strategic Significance & Outlook

The market for self-healing and anti-corrosion smart coatings is poised for sustained
growth, driven by ongoing technological innovation and the exploration of new
application domains. These coatings are set to deliver transformative solutions across
sectors, including extending infrastructure longevity, enhancing automotive
lightweighting and durability, improving aerospace safety, and elevating hygiene
standards for medical devices. With tightening environmental regulations and a growing
emphasis on sustainability, the demand for long-lasting, low-maintenance smart
coatings is expected to accelerate, intensifying competition among leading material
science companies globally.

Source: https://www.openpr.com/news/4571530/smart-coatings-market-surges-as-self-healing
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#09 Eco&Dream Initiates Development of High-
Performance Sulfide Solid Electrolytes for All-Solid-
State Batteries

OVERVIEW

Eco&Dream Co., Ltd. has officially commenced the development of sulfide-based

solid electrolytes, a critical material for next-generation all-solid-state batteries, as

announced on July 9, 2026. The company is actively recruiting R&D personnel for two

key areas: high-purity lithium sulfide (Li₂S) material and process development, and the
development of sulfide solid electrolyte materials themselves. This initiative aims to

establish phased process technologies for eventual commercialization, potentially

resolving safety and energy density issues of current lithium-ion batteries and

accelerating innovations in electric vehicles and energy storage systems.

Published July 09, 2026  The Elec Inc.  South Korea
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Key Findings

Eco&Dream Co., Ltd. officially announced on July 9, 2026, the commencement of its
ambitious development project for sulfide-based solid electrolytes, a pivotal material
destined to define the performance of next-generation all-solid-state batteries (ASSBs).
The company is strategically focusing its efforts on two critical areas: the development of
high-purity lithium sulfide (Li₂S) materials and associated process technologies, and the
direct development of sulfide solid electrolyte materials. The ultimate goal is to establish
phased process technologies essential for future commercialization.

Technical / Clinical Details

Sulfide-based solid electrolytes offer significant advantages over the organic liquid
electrolytes currently used in lithium-ion batteries, primarily due to their superior ionic
conductivity and inherent non-flammability. These characteristics promise substantial
improvements in the safety and energy density of ASSBs. However, their
commercialization faces challenges related to material stability, manufacturing cost, and
difficulties in handling them in ambient air. Eco&Dream is committed to overcoming
these hurdles by focusing on advanced synthesis techniques for high-purity Li₂S and
optimizing processing methods to efficiently convert it into solid electrolytes. Research is
particularly geared towards suppressing lithium dendrite formation, crucial for achieving
long-lasting and reliable battery performance.

Background & Context

All-solid-state batteries are widely regarded as the ultimate successor to conventional
lithium-ion batteries, generating immense anticipation within the electric vehicle (EV)
and large-scale energy storage system (ESS) markets. By eliminating the fire risks
associated with liquid electrolytes and offering higher energy density and faster charging
capabilities, ASSBs are poised to extend EV driving ranges, reduce charging times, and
enhance safety. Major battery and automotive manufacturers, including Samsung SDI,
Toyota, and CATL, are investing heavily in this domain. Eco&Dream's entry into this
competitive landscape is expected to further accelerate technological innovation.



Strategic Significance & Outlook

Through this development launch and recruitment drive for specialized talent,
Eco&Dream is firmly executing its roadmap for the commercialization of sulfide-based
solid electrolytes. Initial efforts will concentrate on fundamental research and process
technology establishment, followed by scaling up from prototyping to mass production.
The successful realization of this technology could significantly contribute to the
widespread adoption of ASSBs, boosting the EV market and accelerating renewable
energy integration. Furthermore, it positions Eco&Dream to solidify its standing as a key
player in the next-generation battery materials sector.

Source: https://www.thelec.net/news/articleView.html?idxno=12131
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#10 University at Buffalo Researchers Unveil Novel
One-Step Process to Rapidly Synthesize High-Entropy
Alloy Nanoparticles in Milliseconds, Published in
Nature Communications

OVERVIEW

Researchers at the University at Buffalo have developed a groundbreaking one-step

process capable of uniformly combining multiple metals into high-entropy alloy

nanoparticles (HEA NPs) within milliseconds, published in Nature Communications.

This novel technique enables rapid exploration of a significantly broader range of

material combinations, which was previously challenging. The innovation is expected

to dramatically enhance the performance and substantially reduce the cost of

catalysts for clean energy systems, including fuel cells and hydrogen production,

marking a major breakthrough for sustainable energy technology.

Published July 07, 2026  University at Buffalo (UB)  USA



IN DEPTH

Key Findings

Researchers at the University at Buffalo have developed and published in 'Nature
Communications' a groundbreaking one-step process that enables the rapid, uniform
combination of multiple metal elements into high-entropy alloy nanoparticles (HEA NPs)
within milliseconds. This novel approach is poised to revolutionize the exploration and
development of catalytic materials, with significant implications for improving catalyst
performance and reducing costs in clean energy systems, particularly for fuel cells and
hydrogen production.

Technical / Clinical Details

The conventional synthesis of high-entropy alloys (HEAs) has been hampered by
significant challenges in achieving uniform mixing of multiple metallic elements and
forming nanoparticles. The new one-step process overcomes these hurdles by reacting
multiple metal precursors under precisely controlled, high-speed conditions. Specifically,
it leverages techniques such as high-frequency plasma reactors or flash annealing to
generate HEA NPs with atomic-level compositional uniformity through ultra-rapid
heating and cooling cycles. This method dramatically accelerates the time required for
exploring material combinations compared to traditional synthesis, enabling the swift
identification of a wider array of high-performance catalysts.

Background & Context

The advancement of clean energy technologies, particularly fuel cells and hydrogen
production, is indispensable for mitigating global warming and achieving a sustainable
society. At the core of these technologies are high-efficiency and durable catalytic
materials. However, current mainstream catalysts, often based on precious metals like
platinum, are prohibitively expensive and suffer from limited supply. High-entropy alloys
have garnered significant attention as next-generation catalysts due to their unique
structures and superior properties (e.g., high activity, exceptional stability) that emerge
from the uniform mixing of multiple elements, potentially replacing precious metals. Yet,
the complexity of their synthesis and the inefficiency of their discovery processes have
been major barriers to practical application. The University at Buffalo's research directly
addresses these synthesis challenges.



Strategic Significance & Outlook

This one-step process facilitates the scalable production of HEA NPs, paving the way for
broad applications in clean energy, including anode and cathode materials for fuel cells,
catalysts for hydrogen production via water electrolysis, and CO₂ reduction catalysts. The
research team plans to utilize this method to rapidly identify and further optimize
higher-performance, lower-cost catalytic materials for practical deployment. In the long
term, this innovation holds the potential to profoundly impact not only the energy sector
but also chemical processes, environmental remediation, sensors, and virtually all fields
where catalysis plays a critical role.

Source: https://www.buffalo.edu/news.host.html/content/shared/university/news/ub-reporter-

articles/stories/2026/07/swihart-catalyst-materials.detail.html
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#11 Proterial Invests $225 Million in India for New Rare
Earth Magnet Plant, Specializing in 1,200 Ton Annual
Production Amidst Organizational Restructuring

OVERVIEW

Japan's Proterial (formerly Hitachi Metals) has undergone a major organizational

restructuring on July 1, 2026, to focus on its rare earth permanent magnet and

advanced materials businesses. The newly established Proterial Magnetics, Ltd. will

oversee the rare earth magnet operations, aiming to strengthen supply chains outside
of China. As part of this strategy, the company announced plans to invest $225

million in Andhra Pradesh, India, to construct a new manufacturing facility capable of

producing 1,200 metric tons of sintered NdFeB permanent magnets annually. This

investment is crucial for diversifying and stabilizing the global rare earth magnet

supply chain.

Published July 10, 2026  Rare Earth Exchanges, SMM, AML  Japan/India



IN DEPTH

Key Findings

Proterial, a leading Japanese materials manufacturer (formerly Hitachi Metals),
completed a significant organizational restructuring on July 1, 2026, announcing a
strategic focus on its high-growth rare earth permanent magnet and advanced materials
businesses. As part of this overhaul, Proterial Magnetics, Ltd. was newly established to
specialize in rare earth permanent magnet operations. A notable aspect of this strategy
is the company's commitment to invest $225 million (approximately 34 billion JPY) in
Andhra Pradesh, India, to build a new manufacturing plant. This facility is projected to
have an annual production capacity of 1,200 metric tons of sintered NdFeB
(Neodymium-iron-boron) permanent magnets, specifically aimed at strengthening
supply chains outside of China.

Technical / Clinical Details

The sintered NdFeB permanent magnets, a core focus for Proterial, are indispensable
components for a wide range of high-efficiency motors and advanced devices, including
electric vehicle (EV) drive motors, wind power generators, industrial robots, and
consumer electronics. These magnets offer significantly higher magnetic force compared
to conventional ferrite magnets, enabling miniaturization, weight reduction, and
enhanced efficiency. The new Indian plant will leverage Proterial's extensive expertise in
materials technology and manufacturing know-how to produce high-quality, stable
sintered NdFeB permanent magnets, meeting robust global demand. This production
base in India is expected to play a crucial role in diversifying geographical risks and
stabilizing the supply of rare earth materials, which are currently heavily reliant on China.



Background & Context

The global trends towards decarbonization and digitalization have led to a surge in
demand for EVs, renewable energy systems, and factory automation equipment,
consequently driving rapid growth in the market for high-performance magnets.
However, a significant portion of the rare earth supply chain, from mining and refining to
magnet manufacturing, is concentrated in China, posing concerns about supply stability
and geopolitical risks for global industries. Governments worldwide are advocating for
supply chain diversification. Proterial's investment in India is a strategic response to this
global challenge, aligning with a broader movement among Japanese companies to
reinforce non-Chinese production capabilities and enhance supply chain resilience.

Strategic Significance & Outlook

The construction of the new plant in India marks a crucial milestone for Proterial, as it
aims to significantly enhance its competitiveness in the global rare earth magnet market.
The $225 million investment will also contribute to the development of the advanced
materials industry in India and stimulate local job creation. In the long term, this new
facility is expected to become one of Proterial's key production hubs for rare earth
magnets, supporting the further growth of the EV market and the realization of a smart
society through advanced material supply. Moreover, strengthening supply capabilities
outside of China will provide important sourcing options for automotive manufacturers
and other industries in the West, contributing to improved supply chain resilience across
the entire sector.

Source: https://rareearthexchanges.com/news/proterial-restructures-to-sharpen-focus-on-rare-earth-
magnets-and-advanced-materials/
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#12 Mitsubishi Chemical Advanced Materials Invests
$20.3 Million in Pennsylvania Expansion, Creating 42
New Jobs and Bolstering Production Capacity

OVERVIEW

Mitsubishi Chemical Advanced Materials announced a $20.3 million expansion of its

high-performance thermoplastic and composite materials manufacturing facility in

Reading, Pennsylvania. This significant investment will create 42 new jobs and retain

441 existing positions. The project includes renovating existing facilities, constructing
an adjacent building, and installing new machinery to expand the production of

specialized engineering thermoplastics and composites, aiming to establish a "Center

of Excellence" for extrusion in advanced engineering plastics.

Published July 09, 2026  Pennsylvania Governor's Office, Plastics Today, PennWatch  USA



IN DEPTH

Key Findings

On July 9, 2026, Mitsubishi Chemical Advanced Materials announced a significant
investment of $20.3 million to expand its manufacturing facility for high-performance
thermoplastics and composite materials located in Reading, Pennsylvania. This strategic
capital injection is not only set to boost manufacturing capacity but will also create 42
new jobs and secure the employment of 441 existing staff, providing a substantial
economic benefit to the region.

Technical / Clinical Details

The expansion project encompasses a comprehensive renovation of existing
manufacturing facilities and the construction of a new adjacent building. Furthermore,
state-of-the-art machinery and equipment will be installed to significantly increase the
production capacity of specialized engineering thermoplastics and composite materials.
This includes the addition of advanced extrusion lines for high-performance polymers
and the implementation of automated quality control systems. Through these
enhancements, the company aims to strengthen its supply capabilities for advanced
materials demanded across diverse sectors such as automotive, aerospace, medical, and
industrial machinery, solidifying its position as a “Center of Excellence” for extrusion in
both general and advanced engineering plastics.

Background & Context

High-performance thermoplastics and composite materials serve as foundational
elements supporting numerous innovations in modern industry, including automotive
lightweighting, improved aircraft fuel efficiency, and enhanced medical device
performance. In recent years, global demand for high-performance plastic materials as
metal substitutes has surged, driven by stricter environmental regulations and a growing
focus on energy efficiency. Particularly in the United States, strengthening domestic
manufacturing and supply chain resilience are key government priorities. Mitsubishi
Chemical’s investment aligns perfectly with these market trends and policy objectives,
further solidifying its presence in the North American market.



Strategic Significance & Outlook

This $20.3 million investment represents a crucial step in Mitsubishi Chemical Advanced
Materials' global strategy. The Reading facility is expected to not only enhance supply
capabilities for North American customers but also serve as a hub for new material
development and technological innovation. The creation of new jobs and the retention
of existing ones contribute significantly to the local economy, with the Pennsylvania state
government actively supporting the project. Moving forward, the company is poised to
contribute to sustainable societal development and industrial evolution by meeting
diverse needs for high-performance materials.

Source: https://berksweekly.com/news/business/mitsubishi-chemical-to-invest-20-3-million-in-reading-

expansion-create-42-new-jobs/
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#13 Metamaterials Revolutionize MRI: Brain and Eye
Imaging Achieves Unprecedented Clarity in Sub-
Trillionth-of-a-Second Scans

OVERVIEW

Scientists have developed a breakthrough technology integrating new metamaterial-

based hardware into existing MRI scanners, enabling unprecedented clarity and speed

for imaging previously difficult-to-visualize body parts like the brain and eyes. The

new antenna dramatically enhances signals from target tissues, improving spatial
resolution and image sharpness while accelerating data acquisition. This advancement

promises improved diagnostic accuracy, enhanced patient comfort during scans, and

opens new avenues for medical imaging and therapeutic applications.

Published July 10, 2026  ScienceDaily  USA



IN DEPTH

Key Findings

Scientists have achieved a significant breakthrough by integrating metamaterial-based
hardware into existing MRI scanners, enabling them to generate images of challenging
body regions, such as the brain and eyes, with unprecedented clarity and in dramatically
shorter scan times. This innovation fundamentally enhances the performance of current
MRI technology, promising a major leap forward in medical diagnostics.

Technical / Clinical Details

At the core of this new technology is an MRI antenna redesigned with specialized
metamaterials. Metamaterials are engineered structures with electromagnetic properties
not found in nature, capable of manipulating electromagnetic waves and light in novel
ways. In the context of the MRI antenna, these metamaterials efficiently collect and
amplify weak magnetic resonance signals from targeted tissues, significantly improving
the signal-to-noise ratio (SNR). This leads to a remarkable increase in spatial resolution,
allowing for much clearer visualization of fine brain structures and ocular nerve tissues
than previously possible. Furthermore, the enhanced efficiency of signal acquisition
contributes to shorter scan times, reducing patient discomfort and increasing imaging
throughput.

Background & Context

Magnetic Resonance Imaging (MRI) is an indispensable diagnostic modality due to its
superior soft tissue contrast resolution, crucial for diagnosing neurological disorders,
tumors, and eye conditions. However, capturing subtle changes in deep body regions or
small, complex structures like the brain and eyes still requires high spatial resolution and
often prolonged scan durations. This has led to challenges such as patient discomfort,
motion artifacts, and limitations in throughput. The field of metamaterials has advanced
rapidly over the past few decades, with breakthroughs in electromagnetic wave
manipulation eagerly anticipated for medical imaging applications.



Strategic Significance & Outlook

This advancement in MRI technology, powered by metamaterials, is expected to
dramatically increase diagnostic accuracy, particularly for neurodegenerative diseases
and retinal conditions where early diagnosis is critical, enabling clinicians to make more
informed decisions. The reduction in scan time will not only enhance the patient
experience but also improve MRI machine utilization, easing the burden on healthcare
facilities. In the future, this technology holds the potential to open new avenues for
medical imaging and therapeutic applications, including more precise brain functional
mapping, monitoring targeted drug delivery, and even guiding non-invasive therapeutic
interventions. It significantly broadens the scope of metamaterial applications in the
medical field.

Source: https://www.sciencedaily.com/releases/2026/06/260626125712.htm
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#14 Singapore Establishes 'A-HUB' with ATLANT 3D,
A*STAR IMRE, and NAMIC to Accelerate Materials
Discovery via AI

OVERVIEW

Singapore has established the Advanced Materials Development Hub (A-HUB) in

collaboration with ATLANT 3D, A*STAR Institute of Materials Research and

Engineering (IMRE), and the Nano Manufacturing Innovation Centre (NAMIC). This

hub aims to dramatically accelerate the discovery and qualification of new materials
for semiconductors, silicon photonics, and advanced packaging by combining AI,

atomic-scale manufacturing, and additive manufacturing technologies. A-HUB is set

to reshape the future of advanced manufacturing by fostering an ecosystem of

automated material development and collaborative research.

Published July 09, 2026  Trend Hunter  Singapore



IN DEPTH

Key Findings

Singapore has launched the 'Advanced Materials Development Hub (A-HUB)' through a
strategic partnership involving ATLANT 3D, the Agency for Science, Technology and
Research’s (A*STAR) Institute of Materials Research and Engineering (IMRE), and the
Nano Manufacturing Innovation Centre (NAMIC). This groundbreaking initiative is
designed to significantly accelerate the discovery and qualification processes for new
materials in critical sectors such as semiconductors, silicon photonics, and advanced
packaging, by integrating artificial intelligence (AI) with cutting-edge atomic-scale
manufacturing and additive manufacturing technologies.

Technical / Clinical Details

A-HUB will leverage AI-driven material design algorithms to rapidly screen promising
candidates from vast material databases, dramatically shortening the material
development cycle that traditionally spans years or even decades. Atomic-scale
manufacturing techniques enable precise control over the nanostructure of materials,
optimizing their properties. Concurrently, additive manufacturing (3D printing) facilitates
the rapid fabrication and testing of new material prototypes with complex geometries.
The integrated application of these technologies will empower researchers and
engineers to develop next-generation materials more efficiently and innovatively.

Background & Context

Modern society consistently demands materials with enhanced performance, higher
efficiency, and greater sustainability. Particularly in the semiconductor, electronics, and
energy sectors, material evolution often represents a bottleneck for technological
innovation. Traditional material discovery processes primarily relied on trial-and-error
experimentation, a method that was inherently time-consuming and cost-intensive. The
recent advancements in AI and computational materials science have introduced
simulation and data-driven approaches, opening new avenues to address these
challenges. Singapore aims to establish leadership in this domain and become a hub for
high-value-added manufacturing.



Strategic Significance & Outlook

The establishment of A-HUB is a crucial strategic step for Singapore to maintain and
enhance its competitiveness in global advanced manufacturing. This hub will foster a
collaborative research ecosystem for automated material development, promoting
synergy among research institutions, startups, and large corporations. Looking ahead, AI
is expected to complement human intuition in materials science, enabling the creation of
novel materials with previously unimaginable properties. Consequently, A-HUB is poised
to drive technological breakthroughs across diverse fields, including improved
semiconductor performance, ultra-fast optical communication, and next-generation
quantum computing, thereby contributing to economic growth and the resolution of
pressing societal challenges.

Source: https://www.trendhunter.com/amp/trends/AI-materials-discovery-hubs
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#15 Layered XZnBi (X = Rb, Cs) Zintl Materials Achieve
High Thermoelectric Performance with Stacking-
Controlled Symmetry Breaking, Reaching ZT Value of
1.99

OVERVIEW

Achieving high thermoelectric efficiency requires simultaneously high Seebeck

coefficient, high electrical conductivity, and low thermal conductivity. This study

demonstrates successful electrical and thermal decoupling in layered XZnBi (X = Rb,

Cs) Zintl materials by manipulating atomic layer stacking sequences. Specifically, AB-

stacked CsZnBi achieved a record dimensionless figure of merit (ZT value) of up to

1.99 for n-type doping, positioning it among the most advanced thermoelectric

materials. This breakthrough significantly enhances thermoelectric conversion

efficiency, broadening the potential for waste heat recovery.

Published July 02, 2026  arXiv (Preprint)  International



IN DEPTH

Key Findings

The maximization of thermoelectric efficiency, quantified by the dimensionless figure of
merit (ZT value), hinges on the simultaneous achievement of a high Seebeck coefficient,
high electrical conductivity, and low thermal conductivity. This research reports a
groundbreaking success in effectively decoupling these electrical and thermal properties
in layered XZnBi (where X = Rb, Cs) Zintl materials through precise control of atomic
layer stacking sequences. This innovative approach led to a remarkable ZT value of 1.99
for n-type doped AB-stacked CsZnBi, placing it among the most advanced
thermoelectric materials currently known.

Technical / Clinical Details

XZnBi Zintl materials possess unique crystal structures that facilitate the separation of
electrical pathways (responsible for carrier transport) and thermal pathways (responsible
for phonon transport). The research team utilized advanced synthesis techniques, such as
molecular beam epitaxy or chemical vapor deposition, to fabricate single-crystal thin
films with different stacking orders (e.g., AB-stacking, ABC-stacking). This enabled a
systematic evaluation of the distinct electronic band structures and phonon scattering
characteristics associated with each stacking configuration. The AB-stacked structure, in
particular, was found to effectively suppress thermal conductivity by enhancing phonon
scattering while maintaining high electronic carrier mobility. This optimized electrical and
thermal decoupling resulted in the exceptional ZT value of 1.99, a performance level
significantly superior to commercially available thermoelectric materials, which typically
range from 0.5 to 1.0.



Background & Context

With global energy demands escalating and the urgent need for sustainable solutions,
thermoelectric conversion technology, which directly converts waste heat into electrical
energy, has garnered significant attention as a clean energy solution. However, the
development of highly efficient thermoelectric materials has faced a major materials
science challenge: achieving 'electrical and thermal decoupling.' This challenge arises
because increasing electrical conductivity often concurrently increases thermal
conductivity, making independent optimization difficult. This study offers a breakthrough
in solving this decoupling problem through a novel approach of precise crystallographic
control, poised to significantly contribute to the practical application of next-generation
thermoelectric devices.

Strategic Significance & Outlook

The high thermoelectric performance of these XZnBi Zintl materials dramatically
enhances the feasibility of thermoelectric power generation in a wide range of
applications, including automotive exhaust heat recovery, industrial waste heat power
generation, power sources for wearable devices, and even space probes. A ZT value
approaching 2.0 represents a realm previously considered difficult to achieve with
current technology. This discovery is therefore critically important for elevating the
conversion efficiency of thermoelectric modules to practical levels. The research team
plans to continue evaluating the scalability and long-term stability of this material, along
with ongoing research into compositional and structural optimization aimed at further
ZT enhancement, with practical applications anticipated within a few years.

Source: https://arxiv.org/html/2512.03517v4
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#16 Self-Healing Protective Materials Extend Stone
Lifespan: Autonomous Damage Repair via
Microencapsulation and Dynamic Covalent Bonds

OVERVIEW

Self-healing protective materials are an innovative system designed to autonomously

restore functional properties of stone after damage. While traditional stone

protection faced challenges from mechanical wear, cleaning, and chemical attacks,

self-healing systems can restore protective function in specific damaged zones
without manual reapplication. Key approaches include microencapsulation techniques

and dynamic covalent bond chemistry, promising extended stone lifespan and

reduced maintenance costs.

Published July 02, 2026  Industry report/article, specific publisher not explicitly stated  Global



IN DEPTH

Key Findings

Self-healing protective materials are emerging as a groundbreaking system designed to
autonomously restore functional properties of stone after damage. This technology
holds the potential to fundamentally resolve long-standing issues in stone preservation,
such as degradation of protective layers due to mechanical abrasion, cleaning agents,
and chemical attacks. It obviates the need for manual reapplication or repair,
automatically recovering protective effects in specific damaged areas.

Technical / Clinical Details

Two primary technological approaches underpin self-healing protective materials. The
first is the 'microencapsulation approach.' Here, healing agents (e.g., monomers or
curing agents) are encapsulated in microscopic capsules and dispersed within the
protective layer. When a scratch or crack occurs on the stone surface, the capsules
rupture, releasing the healing agent which then undergoes a chemical reaction to harden
and repair the damaged protective layer. The second approach utilizes 'dynamic covalent
bond chemistry.' This involves incorporating chemical bonds (such as Diels-Alder
reactions or imine bonds) into the polymer matrix that can reversibly form and break in
response to external stimuli like temperature, light, or pH. Upon damage, these bonds
rearrange, allowing the material to flow and fill the damaged area, enabling self-healing.

Background & Context

Stone is extensively used in various applications including buildings, sculptures, cultural
heritage sites, and infrastructure. Its protection is crucial not only for aesthetic
preservation but also for structural integrity and longevity. However, stone surfaces are
constantly exposed to external environmental factors (UV radiation, acid rain, pollutants,
mechanical impact), making the degradation of protective coatings an unavoidable
challenge. Traditional protective agents offer only temporary barrier effects and require
costly manual maintenance after damage. The advent of self-healing materials promises
to fundamentally transform this maintenance paradigm, offering more sustainable and
economic stone protection solutions.



Strategic Significance & Outlook

Self-healing protective materials have the potential to extend their application beyond
stone to other structural materials such as concrete, metals, and polymers. Advances in
this technology offer a wide array of societal benefits, including extended infrastructure
lifespan, reduced maintenance costs, preservation of cultural heritage, and decreased
environmental impact. Future research and development will focus on improving healing
efficiency, increasing the number of healing cycles, developing environmentally
compatible healing agents, and establishing cost-effective manufacturing methods. Self-
healing materials are poised to become a game-changer in the fields of future
architecture, civil engineering, and materials science.

Source: https://dushproducts.com/innovation-in-stone-protection-the-science-driving-the-next-

generation-of-products/
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#17 Chinese Academy of Sciences Researchers Achieve
Scalable Printing of Multi-Scale Optical Metamaterials,
Revolutionizing Photonics

OVERVIEW

A research team led by Professor Yanlin Song at the Chinese Academy of Sciences has

developed a printable meta-assembly strategy for micro-nano synergistic optical

metamaterials, achieving a breakthrough in scalable manufacturing and precise

integration of multi-scale optical metamaterials. This technology opens new pathways
for custom optical devices and is expected to find wide applications in photonics

information, anti-counterfeiting imaging, precision medical sensing, and green

photonic energy. This advancement breaks traditional manufacturing limits, laying the

foundation for next-generation optical technologies.

Published July 06, 2026  Chinese Academy of Sciences  China



IN DEPTH

Key Findings

A research team led by Professor Yanlin Song at the Chinese Academy of Sciences has
developed a printable meta-assembly strategy for micro-nano synergistic optical
metamaterials, achieving a significant breakthrough in the scalable manufacturing and
precise integration of multi-scale optical metamaterials. This innovative technology
dramatically enhances the feasibility of realizing custom optical devices and opens new
avenues for applications in the field of photonics.

Technical / Clinical Details

This novel technology enables the efficient and high-precision printing and integration
of optical metamaterials designed at different scales, ranging from nanoscale structures
to macroscale devices. Traditional metamaterial fabrication has relied on complex and
costly processes like lithography, making large-scale production and diverse shape
applications challenging. The meta-assembly strategy developed by the research team is
compatible with scalable methods such as inkjet printing and roll-to-roll printing,
allowing for the low-cost, high-throughput manufacturing of metamaterials with intricate
optical functionalities. This facilitates the creation of new types of optical components
capable of precisely controlling light absorption, reflection, polarization, and diffraction.

Background & Context

Optical metamaterials, with their unique light manipulation capabilities, hold immense
potential across diverse fields, including super-resolution imaging, stealth technology,
optical communications, and sensors. However, manufacturing challenges stemming
from their intricate nanoscale structures have been a primary barrier to their practical
implementation. Specifically, the efficient production of metamaterials with multi-layered
structures or uniform properties over large areas has been a long-standing goal for both
the scientific and industrial communities. The achievement by the Chinese Academy of
Sciences is critically important as it addresses this manufacturing bottleneck, accelerating
the practical application of metamaterial technology.



Strategic Significance & Outlook

This scalable printing technology has the potential to revolutionize a wide range of
application areas, including custom optical devices, photonic information processing
(e.g., high-speed optical switches and optical computing), advanced anti-counterfeiting
imaging, ultra-sensitive precision medical sensing, and green photonic energy harvesting
(e.g., high-efficiency solar cells and photocatalysts). The research team aims to further
optimize this technology to reduce manufacturing costs and expand production scale. In
the future, it is expected to be applied to products deeply integrated into our daily lives,
such as ultra-thin lenses for smartphones and wearable devices, and next-generation
display technologies, thereby significantly transforming the future of optical technology.

Source: https://www.nsfc.gov.cn/english/site_1/news/A2/2026/07-06/547.html
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#18 Argonne National Laboratory Unveils 'ChemGraph'
AI Tool to Accelerate Innovation in Chemistry and
Materials Science

OVERVIEW

Researchers at the U.S. Department of Energy's Argonne National Laboratory have

developed 'ChemGraph,' a pioneering AI tool designed to streamline scientific

workflows and accelerate materials design. ChemGraph has been scaled to the Aurora

supercomputer, enabling it to orchestrate high-throughput materials screening
workflows and establish a pathway for scalable AI-driven scientific automation. This

innovation is expected to significantly lower barriers to innovation in computational

chemistry and materials science, thereby expediting the discovery and development

of novel materials.

Published July 07, 2026  Argonne National Laboratory  USA



IN DEPTH

Key Findings

A team of researchers at the U.S. Department of Energy’s Argonne National Laboratory
has developed an innovative tool named 'ChemGraph,' designed to harness the power of
artificial intelligence (AI) to streamline scientific workflows and dramatically accelerate
the design and discovery of new materials. This system has been specifically extended to
the Aurora supercomputer, demonstrating a new paradigm for scalable AI-driven
scientific automation by orchestrating high-throughput materials screening workflows.

Technical / Clinical Details

ChemGraph is an advanced AI platform engineered to process and analyze vast amounts
of data related to chemical structures and material properties. The tool combines
machine learning algorithms with graph neural networks (GNNs) to model the complex
interactions of molecules and crystals, thereby predicting candidate materials that meet
specific functional requirements. Its integration with the Aurora supercomputer allows
ChemGraph to perform computations on an unprecedented scale, enabling
instantaneous evaluation of millions of material compositions and their properties. This
capability potentially shortens material discovery processes, which traditionally took
years with conventional experimental approaches, to mere weeks or even days.

Background & Context

The discovery and development of new materials are fundamental to technological
innovation across all industrial sectors, including energy, healthcare, electronics, and
aerospace. However, traditional materials science research has historically relied on time-
consuming and costly trial-and-error processes. The sheer size of the materials space,
arising from diverse combinations of elements, makes it virtually impossible to explore
exhaustively through human intuition or small-scale experiments. The advent of AI
provides a powerful solution to this challenge, opening a new frontier for accelerating
material design through data-driven approaches.



Strategic Significance & Outlook

The emergence of AI-driven platforms like ChemGraph is set to revolutionize the fields
of computational chemistry and materials science, significantly lowering the barriers to
innovation. Argonne National Laboratory plans to further refine this tool and apply it to
explore more complex material systems and functional materials. In the future,
ChemGraph is expected to rapidly discover and optimize new materials that address
urgent societal challenges, such as high-performance battery materials for renewable
energy storage, CO₂ capture technologies, and novel drug candidates. ChemGraph has
the potential to become a powerful assistant for scientists, enabling them to conduct
research more efficiently and with deeper insights, thereby dramatically accelerating the
pace of scientific discovery.

Source: https://www.anl.gov/article/argonne-teams-chemgraph-unlocks-ai-for-chemistry-and-materials-

science
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#19 ACS Publications Reports NIR Light-Driven LCE
Actuator for Biomedical Applications, Overcoming UV
Limitations

OVERVIEW

Conventional photoisomerization-based liquid crystal elastomer (LCE) actuators rely

on UV irradiation, which is limited by phototoxicity and low tissue penetration in

biomedical applications. This study overcomes these limitations by developing an 808

nm near-infrared (NIR) light-driven photoisomerization actuator. This actuator
integrates azobenzene-crosslinked LCE with upconversion nanoparticles (CSS-UCNPs),

converting 808 nm NIR light into UV/blue upconversion luminescence to induce

macroscopic bending of the LCE film. This demonstrates significant potential as a

NIR-addressable soft actuator platform for various biomedical applications.

Published July 04, 2026  ACS Applied Materials & Interfaces - ACS Publications  International



IN DEPTH

Key Findings

Conventional photoisomerization-based liquid crystal elastomer (LCE) actuators, which
typically rely on ultraviolet (UV) irradiation, have faced significant limitations in
biomedical applications due to UV's inherent phototoxicity and low tissue penetration
depth. This research successfully addresses these challenges by developing a
groundbreaking photoisomerization actuator driven by 808 nm near-infrared (NIR) light.
This novel system opens new avenues for applications in the biomedical field as a NIR-
addressable soft actuator platform.

Technical / Clinical Details

The developed NIR light-driven actuator is achieved through the ingenious integration
of an azobenzene-crosslinked LCE with specific upconversion nanoparticles (CSS-UCNPs).
These CSS-UCNPs possess the unique ability to absorb 808 nm NIR light and convert it
into UV/blue region light through upconversion luminescence. This upconverted light
then triggers the photoisomerization of azobenzene molecules, consequently inducing
macroscopic shape changes (bending) in the LCE film. Compared to conventional UV
light, NIR light offers significant advantages in biological contexts due to its higher tissue
penetration and lower phototoxicity. This enables biomedical applications that were
previously challenging for LCE actuators, such as implantable devices, soft robots directly
interacting with biological tissues, and cell manipulation devices.

Background & Context

In the fields of soft robotics and smart medical devices, there is active research into
developing actuators capable of precise motion control in response to external stimuli.
LCEs have garnered considerable attention as ideal soft actuator materials due to their
ability to undergo large, reversible deformations in response to stimuli like light, heat, or
electric fields. However, issues of biocompatibility and tissue penetration have posed
significant barriers to their in vivo applications. NIR light, known as the 'therapeutic
window' due to its deep tissue penetration and minimal biological impact, has long been
a desired control mechanism for actuators in this domain.



Strategic Significance & Outlook

This NIR light-driven LCE actuator holds immense potential for a wide range of
biomedical applications, including medical diagnostics, therapy, biosensing, and soft
robotics. For instance, it could contribute to the development of smart drug delivery
systems that reach target sites within the body and release drugs when activated by NIR
light, or micro-robots that navigate the body for minimally invasive manipulations. The
research team plans to further optimize this technology and develop more complex
actuator designs, ultimately aiming for next-generation smart medical devices that span
from diagnosis to treatment. This breakthrough represents a crucial step forward in
extending soft actuator technology into biological environments.

Source: https://pubs.acs.org/doi/10.1021/acsami.6c07815
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#20 MIT Researchers Identify Key Cause of Solid-State
Battery Failure: Electrical Imbalance Between
Electrolyte Grains Promotes Dendrite Formation

OVERVIEW

Researchers from MIT and the Technical University of Munich have identified that

subtle electrical imbalances between grains in solid-state electrolyte materials are a

primary cause of solid-state battery performance degradation. These imbalances

promote the formation of lithium metal dendrites, leading to reduced battery
efficiency and failure. The team demonstrated that adjusting electrolyte processing

methods can enhance ion movement, reduce electron leakage, and potentially

improve critical current density by over 300%, paving the way for faster-charging,

longer-lasting solid-state batteries.

Published July 06, 2026  MIT News  USA



IN DEPTH

Key Findings

A collaborative research team from the Massachusetts Institute of Technology (MIT) and
the Technical University of Munich has uncovered a crucial mechanism contributing to
the degradation and eventual failure of all-solid-state batteries, a highly anticipated
next-generation power source. They pinpointed subtle electrical imbalances present
between the grains within solid electrolyte materials as the primary factor promoting the
formation of needle-like lithium metal dendrites. These dendrites, in turn, are the root
cause of decreased battery efficiency and shortened lifespan, marking a significant
breakthrough towards the practical realization of all-solid-state batteries.

Technical / Clinical Details

The research team utilized advanced imaging techniques and electrochemical methods
to meticulously analyze lithium ion transport pathways and electron behavior within
solid electrolytes. They discovered that minute differences in surface energy and
crystallographic orientation among individual electrolyte grains lead to non-uniformities
in ionic conductivity and electron leakage. This imbalanced electron leakage was found
to act as a "seed" for lithium metal dendrites to grow from the anode into the
electrolyte, ultimately penetrating the electrolyte and causing short circuits. Furthermore,
the researchers demonstrated that by optimizing electrolyte manufacturing processes—
specifically sintering conditions and surface treatments—they could enhance the
uniformity of grain interfaces, facilitate ion conduction, and reduce electron leakage by
over 300%. This significantly boosted the critical current density at which the battery can
safely operate, indicating the potential for faster charging and extended battery life.



Background & Context

All-solid-state batteries are garnering immense expectation in the electric vehicle (EV)
and large-scale energy storage system (ESS) sectors as the "ultimate battery" solution to
address the fire risks and energy density limitations of conventional lithium-ion batteries
with organic liquid electrolytes. However, challenges such as short circuits due to lithium
dendrite formation, high interfacial resistance between solid electrolytes and electrodes,
and manufacturing costs have hindered their practical implementation. The dendrite
issue, in particular, directly impacts battery safety and cycle life, making its suppression
one of the most critical research objectives. MIT's current research delves into the
fundamental mechanism of dendrite formation, offering concrete guidance for its
resolution.

Strategic Significance & Outlook

These research findings are expected to profoundly influence the development strategies
for all-solid-state batteries. Battery manufacturers will likely place greater emphasis not
only on electrolyte material selection but also on fine-tuning microstructural control and
interfacial engineering. Specifically, the development of new manufacturing processes
that minimize electrical imbalances at grain interfaces and advanced interfacial layers to
effectively suppress dendrite growth is expected to accelerate. This will bring the
practical realization of safer, higher-energy-density, and longer-lasting all-solid-state
batteries closer to reality. The ability for fast charging will dramatically enhance EV
convenience, and contributing to the expanded adoption of renewable energy, the
societal ripple effects are immeasurable.

Source: https://news.mit.edu/2026/discovery-helps-explain-why-solid-state-batteries-often-fail-0706
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#21 ACS Publications Reports Low-Temperature
Actuation, Weldable Thermoplastic Liquid Crystal
Elastomers for Soft Grippers

OVERVIEW

Thermoplastic liquid crystal elastomers (TPLCEs) show promise as soft actuators due

to their dynamic responsiveness and melt processability. This research developed a

series of TPLCEs based on hydrogen-bonded segmented polythiourethanes. These

TPLCEs feature tunable nematic-to-isotropic transition temperatures (TNI) for
actuation and melt temperatures (Tm) for processing, enabling dual-active LCE bilayer

actuators that exhibit non-monotonic deformation upon increasing temperature. This

innovation significantly broadens the application possibilities for a new generation of

perceptive soft grippers and soft robotics.

Published July 02, 2026  Macromolecules - ACS Publications  International



IN DEPTH

Key Findings

Thermoplastic Liquid Crystal Elastomers (TPLCEs) are garnering significant attention in
the field of soft actuators due to their dynamic responsiveness, allowing for substantial
deformation in response to external stimuli, and their melt-processability, which offers
reprocessing advantages over conventional thermoset LCEs. This research reports the
development of a series of TPLCEs based on hydrogen-bonded segmented
polythiourethanes. These materials possess a groundbreaking characteristic: their
nematic-to-isotropic transition temperature (TNI) for actuation and their melt
temperature (Tm) for processing can be independently tuned. Furthermore, the
realization of dual-active LCE bilayer actuators, which exhibit non-monotonic
deformation with increasing temperature, significantly expands the application potential
for a new generation of perceptive soft grippers.

Technical / Clinical Details

The developed TPLCEs feature a block copolymer design composed of soft segments
(flexible polymer chains) and hard segments (hydrogen-bonding sites). The reversibility
of hydrogen bonds, which break upon heating and reform upon cooling, enables the
TPLCEs to be melt-processed. The research team demonstrated that by synthesizing
polythiourethanes with varying compositional ratios and molecular weights, they could
control both TNI and Tm across a broad range. Specifically, TNI can be tuned from near
room temperature to over 100°C, and Tm can also be optimized according to specific
application requirements. This allows for custom design tailored to applications
demanding specific operating temperatures and processing parameters. The dual-active
LCE bilayer actuators, fabricated by laminating two TPLCE films with different TNIs,
achieve complex and precise bending and stretching motions in response to
temperature changes.



Background & Context

Soft robotics is attracting attention in various fields such as medicine, manufacturing,
and exploration, due to its ability to adapt to complex shapes, interact safely with
humans, and manipulate delicate objects—capabilities difficult for traditional rigid
robots. At the core of soft robotics are smart actuator materials that change shape in
response to external stimuli. While conventional thermoset LCEs exhibit high
responsiveness, they are difficult to reprocess once formed, posing challenges for
complex shaping and recyclability. TPLCEs are expected to overcome these processing
and recyclability issues, enabling the construction of more sustainable and diverse soft
robotic systems. Perceptive soft grippers, integrating tactile feedback and environmental
sensing capabilities, represent a frontier in future robotic technology.

Strategic Significance & Outlook

The development of these tunable TPLCEs will contribute to the design and manufacture
of innovative soft actuators for a wide range of applications beyond perceptive soft
grippers, including wearable devices, bio-inspired robots, smart textiles, and microfluidic
devices. The research team plans to further evaluate the long-term stability, fatigue
properties under repeated use, and programmable motion sequencing capabilities of
these TPLCEs. The low-temperature actuation and weldability properties, in particular,
represent crucial steps towards energy-efficient manufacturing processes and the
realization of multi-functional soft robotic systems. This technology has the potential to
accelerate a future where soft robots are more practical and ubiquitous.

Source: https://pubs.acs.org/doi/10.1021/acs.macromol.6c00633
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#22 ResearchGate Proposes One-Step Continuous LCE
Fiber Spinning via Liquid Ink 3D Printing, Enhancing
Soft Robot Agility

OVERVIEW

Soft robotics is gaining significant attention for its agile movement and

environmental responsiveness, with liquid crystal elastomers (LCEs) being promising

intelligent actuators due to their reversible and anisotropic deformation. This research

proposes a more scalable and robust one-step continuous spinning method for LCE
fibers based on liquid ink 3D printing. This technique simplifies LCE manufacturing,

enabling soft robots to adapt and interact with environments more efficiently and

precisely, thereby accelerating the development of next-generation soft robotics.

Published July 07, 2026  ResearchGate (Request PDF)  International



IN DEPTH

Key Findings

The field of soft robotics has recently garnered considerable attention due to its agile
locomotion capabilities and responsiveness to environmental cues. This research
proposes a novel manufacturing method to further enhance the performance of such
soft robots by utilizing Liquid Crystal Elastomers (LCEs) as intelligent actuators.
Specifically, a one-step continuous spinning method for LCE fibers, based on liquid ink
3D printing, has been developed. This significantly improves the scalability and
robustness of LCE fabrication, making it easier to integrate the reversible and anisotropic
deformation properties of LCEs into soft robotic systems.

Technical / Clinical Details

Traditional LCE fiber manufacturing typically involves multi-stage processes and
specialized equipment, making it complex, time-consuming, and costly. The method
proposed by the research team, based on liquid ink 3D printing, allows for the direct
printing of liquid ink containing LCE precursors, thereby generating continuous LCE
fibers in a single step. This 'one-step continuous spinning' technique combines precise
fluid control with photopolymerization (or thermal polymerization) to simultaneously
control the orientation and shape of the LCE. This enables the efficient production of
stress-free, thermo-responsive, and photo-responsive LCE actuators. The resulting LCE
fibers are shown to maintain high flexibility and responsiveness while exhibiting excellent
mechanical stability compared to conventionally produced LCEs.

Background & Context

Soft robots offer unprecedented flexibility and safety in tasks within human living spaces,
delicate environments, or medical applications, advantages that traditional rigid robots
lack. However, for these robots to truly become widespread, the manufacturing methods
for their core actuator materials must be simplified and made scalable. LCEs, with their
ability to undergo significant shape changes in response to external stimuli like light and
heat, have been considered ideal candidates for soft robot 'muscles.' Yet, issues related
to complex structural control and manufacturing processes have been bottlenecks
hindering their widespread practical application. This research represents a crucial step
towards resolving these bottlenecks.



Strategic Significance & Outlook

This liquid ink 3D printing method for LCE fibers holds the potential to revolutionize the
soft robotics field. By enabling easier, lower-cost, and more diverse LCE actuator
manufacturing, the development of custom-designed soft robots will accelerate. This, in
turn, is expected to lead to a wide range of applications, such as endoscopic robots for
minimally invasive surgery, wearable rehabilitation devices, and autonomous soft sensors
for environmental monitoring. The research team aims to further optimize this method
and develop LCE fiber arrays with various shapes and functionalities, ultimately paving
the way for LCEs to become ubiquitous components in soft robotics.

Source:

https://www.researchgate.net/publication/408478533_Electrospun_Liquid_Crystal_Elastomers_as_Stress-
Free_Thermo-_and_Photoresponsive_Actuators
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#23 NIST Pioneers 3D 'Laser Stirring' Technique to
Create Complex, Previously 'Impossible' High-Entropy
and Titanium Alloy Parts

OVERVIEW

Scientists at the U.S. National Institute of Standards and Technology (NIST) have

developed a 3D printing technique that stirs molten metal before solidification by

altering the laser path from linear scans to micro-elliptical loops. This innovative 'laser

stirring' promotes the mixing of high-entropy alloys (HEAs) while simultaneously
building complex parts. The technique improved mixing between dense, flame-

retardant HEAs and lightweight titanium alloys, demonstrating the significant impact

of laser path control on alloy formation during additive manufacturing and opening

new avenues for producing complex, previously unachievable alloy components.

Published July 06, 2026  New Atlas  USA



IN DEPTH

Key Findings

Scientists at the U.S. National Institute of Standards and Technology (NIST) have
developed a novel 3D printing technique that innovatively controls the laser path during
additive manufacturing. This method facilitates the mixing of complex alloys, particularly
high-entropy alloys (HEAs) and lightweight titanium alloys, which were previously
challenging to manufacture into intricate parts. Termed 'laser stirring,' this new
technology utilizes micro-elliptical or circular laser paths to agitate molten metal before
solidification, enabling more uniform alloy formation and the simultaneous construction
of complex components.

Technical / Clinical Details

In conventional additive manufacturing processes, such as Laser Powder Bed Fusion
(LPBF), a laser typically scans material linearly, creating a melt pool that then solidifies.
This linear scanning often leads to issues like non-uniform mixing and phase separation,
especially when dealing with multiple metal powders of different compositions. The NIST
research team modified the laser operating algorithm to create micro-stirring effects
within the melt pool by tracing elliptical or circular paths instead of linear scans. This
enhanced convection within the molten metal pool, ensuring that different metallic
elements are uniformly mixed before solidification. This precise laser path control
significantly improves uniform alloy formation between materials with disparate
properties, such as dense, flame-retardant high-entropy alloys and lightweight, high-
strength titanium alloys, thereby drastically increasing the design freedom for materials
in additive manufacturing.



Background & Context

High-entropy alloys (HEAs), which consist of multiple elements in roughly equal
proportions, are garnering significant attention as next-generation materials. They
possess a combination of properties—high strength, superior hardness, excellent heat
resistance, and corrosion resistance—that are difficult to achieve with conventional
alloys. Titanium alloys, on the other hand, are critical materials meeting the needs for
lightweighting and high strength, particularly in the aerospace industry. However, these
complex alloys are challenging to control in terms of composition using traditional
manufacturing methods like casting and forging, making the production of intricate
parts a major hurdle. Additive manufacturing technology, capable of directly fabricating
complex geometries, holds potential for expanding the applications of these advanced
alloys, but ensuring material uniformity has been a technical bottleneck.

Strategic Significance & Outlook

The 'laser stirring' technology developed by NIST holds the potential to be a game-
changer in the manufacturing of high-performance alloy parts via additive
manufacturing. It is expected to accelerate the on-demand production of complex
components that meet specialized requirements—such as lightweight, high strength,
and high heat resistance—particularly in sectors like aerospace, defense, energy, and
medical. The research team is exploring further optimization of this technology and its
application to a wider variety of alloy systems. In the future, this could herald an era
where innovative alloy materials with incredibly complex microstructures, previously
considered 'impossible' to obtain, become feasible through 3D printing.

Source: https://newatlas.com/materials/3d-printing-technique-high-entropy-alloy/
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#24 SciOpen Reports Bi₂Te₃/HPMC@Paper Composite
Thermoelectric Film Development: Wearable TEG
Continuously Powers Pedometer

OVERVIEW

Flexible thermoelectric generators (f-TEGs) hold significant potential as wearable

power sources and autonomous sensors, directly converting low-grade thermal

energy from the human body and environment into electricity. This study reports the

fabrication of high-performance Bi₂Te₃/hydroxypropyl methylcellulose
(HPMC)@paper composite thermoelectric films via a vacuum filtration method,

achieving synergistic enhancements in flexibility and thermoelectric performance. The

system, integrated into a smart wristband, successfully powered a low-power

pedometer continuously during human body tests, unequivocally validating the

feasibility of wearable thermoelectric energy harvesting. This marks a breakthrough

for extending IoT device battery life and reducing environmental impact.

Published July 07, 2026  SciOpen  International



IN DEPTH

Key Findings

Flexible thermoelectric generators (f-TEGs) hold immense potential as wearable power
systems and autonomous sensors, owing to their ability to directly convert low-grade
waste heat energy from the human body and surrounding environment into electricity.
This research successfully fabricated a high-performance Bi₂Te₃ (bismuth-tellurium
compound)/hydroxypropyl methylcellulose (HPMC)@paper composite thermoelectric
film using a simple vacuum filtration method. This composite film achieved synergistic
enhancements in both flexibility and high thermoelectric performance. Critically, in
human body wear tests when integrated into a smart wristband, it continuously powered
a low-power pedometer, explicitly demonstrating the feasibility of wearable
thermoelectric energy harvesting.

Technical / Clinical Details

Bi₂Te₃ is a prominent thermoelectric material known for its high ZT value (thermoelectric
figure of merit) near room temperature, but its inherent brittleness has hindered its
application in flexible devices. The research team overcame this by utilizing HPMC and
paper fibers as a matrix, uniformly dispersing Bi₂Te₃ nanoparticles to achieve both
flexibility and mechanical strength. The vacuum filtration method is a simple and scalable
manufacturing process, suitable for large-scale production. This composite film allows
for precise control of thickness, ranging from a few micrometers to several hundred
micrometers, enabling the integration of high-density thermoelectric elements. In human
body tests, the system generated electricity by leveraging the temperature difference
between the body and ambient air (approximately 5°C), consistently supplying several
microwatts of power. This power was sufficient to operate a commercial low-power
pedometer continuously without an external battery.



Background & Context

In modern society, various wearable electronics such as smartphones, smartwatches, and
fitness trackers are ubiquitous. These devices critically rely on battery power, but the
inconvenience of frequent charging and the environmental burden of battery disposal
pose significant challenges. Thermoelectric energy harvesting offers a promising solution
as an autonomous power source for these devices, by converting the constantly
generated body heat or minute environmental temperature differences into electricity.
The development of flexible thermoelectric materials is crucial for enhancing the comfort
and design freedom of wearable devices, representing a frontier in materials science and
device engineering.

Strategic Significance & Outlook

The developed Bi₂Te₃/HPMC@paper composite thermoelectric film holds the potential to
significantly extend the battery life of wearable electronics and ultimately contribute to
the realization of battery-less devices. The research team plans to continue efforts to
further enhance thermoelectric performance, evaluate durability, and reduce
manufacturing costs. In the future, this technology is expected to be applied to a wide
range of autonomous wearable devices, including health monitoring sensors,
environmental sensors, and various IoT devices. This innovation marks a crucial step
towards achieving a sustainable electronics society.

Source: https://www.sciopen.com/article/10.26599/NR.2026.94908713
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#25 ACS Publications Reports High Thermoelectric
Performance in Layered Ca₂Mg₂Cd₂Sb₄ Superlattices:
Ionization-Driven Interfacial Decoupling Achieves ZT of
1.68

OVERVIEW

Thermoelectric (TE) materials, crucial for mitigating the energy crisis by directly

converting heat into electricity, are advancing. This study demonstrates high

thermoelectric performance in nanolayered Ca₂Mg₂Cd₂Sb₄ superlattices, attributed to

a significant contrast between the highly ionized [Mg₂Sb₂]²⁻ layers (76.6%) and weakly

ionized [Cd₂Sb₂]²⁻ layers (32.8%). This superlattice exhibits anisotropic electronic

structures that effectively balance carrier mobility and Seebeck coefficient (S),

achieving optimal dimensionless figures of merit (ZT) of 1.68 for n-type and 1.38 for

p-type at 700 K. This significantly expands the potential for sustainable energy

production from waste heat.

Published July 05, 2026  Chemistry of Materials - ACS Publications  International



IN DEPTH

Key Findings

Thermoelectric (TE) materials are critical technologies poised to contribute to the
mitigation of the energy crisis by directly converting waste heat into electricity. This
research highlights the exceptional thermoelectric performance of nanolayered
Ca₂Mg₂Cd₂Sb₄ superlattices. This superior performance is attributed to a significant
contrast in ionization degrees between its constituent layers: the highly ionized
[Mg₂Sb₂]²⁻ layer (76.6%) and the weakly ionized [Cd₂Sb₂]²⁻ layer (32.8%). This unique
characteristic gives rise to an anisotropic electronic structure that effectively balances
carrier mobility and the Seebeck coefficient (S), leading to exceptionally high
dimensionless figures of merit (ZT) of 1.68 for n-type and 1.38 for p-type at a mid-to-
high temperature range of 700 K (approximately 427°C).

Technical / Clinical Details

The Ca₂Mg₂Cd₂Sb₄ superlattice is a type of Zintl phase compound characterized by its
atomic-level layered structure. The periodic arrangement of layers with differing
ionization degrees creates a distinctive anisotropy in its electronic structure. The highly
ionized [Mg₂Sb₂]²⁻ layers promote high electrical conductivity and carrier mobility, while
the relatively weakly ionized [Cd₂Sb₂]²⁻ layers enhance phonon scattering, thereby
effectively reducing thermal conductivity. This alternating arrangement of layers with
distinct properties achieves 'electrical-thermal decoupling,' a crucial factor in maximizing
the performance of thermoelectric materials. The reported ZT value of 1.68 at 700 K is
remarkably high compared to conventional thermoelectric materials, representing a
groundbreaking performance, especially for an n-type material. This high performance
signifies a substantial improvement in heat-to-electricity conversion efficiency.



Background & Context

As global energy consumption continues to rise and reliance on fossil fuels exacerbates
environmental problems, the effective utilization of waste heat has become an urgent
challenge for achieving a sustainable society. Vast amounts of thermal energy are
discharged unused from sources such as automotive exhausts, industrial factories, and
data centers. Thermoelectric conversion technology, capable of directly transforming this
waste heat into electrical energy, is gaining attention as a clean power generation
method that contributes to reducing greenhouse gas emissions and improving energy
efficiency. However, the conversion efficiency of commercially available thermoelectric
modules remains low, prompting a strong demand for the development of high-
efficiency novel materials. The results of this research hold the potential to break through
this material development bottleneck and accelerate the widespread adoption of
thermoelectric technology.

Strategic Significance & Outlook

This Ca₂Mg₂Cd₂Sb₄ superlattice is an extremely promising candidate for thermoelectric
power generation applications operating in the mid-to-high temperature range. For
example, it could be integrated into automotive exhaust heat recovery systems to
improve fuel efficiency or used to generate additional electricity from industrial waste
heat. The research team plans to continue further studies on the material's long-term
stability, scalable manufacturing methods, and integration into actual devices. The
excellent performance, with an n-type ZT value of 1.68 at 700 K, represents a
monumental leap forward in bringing thermoelectric module conversion efficiency to
practical levels, and is expected to contribute significantly to the realization of
sustainable energy solutions.

Source: https://pubs.acs.org/doi/abs/10.1021/acs.chemmater.6c01343
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#26 Technion Researchers Develop Electro-Momentum
Coupled Metamaterial Model, Securing $7.5 Million
DoD Grant for Acoustic Cloaking and Medical Imaging
Applications

OVERVIEW

Researchers at Technion, led by Professor Gal Shmuel, have developed a theoretical

model for groundbreaking electro-momentum coupled metamaterials, earning a $7.5

million U.S. DoD grant. This innovation transforms acoustic signals into direction-

dependent electrical signals by leveraging engineered asymmetry in piezoelectric

materials. The technology promises compact sensing solutions for diverse

applications, from acoustic cloaking and medical imaging to underwater

communication, signaling significant impact across defense and civilian sectors.

Published Published July 02, 2026  Technion-Israel Institute of Technology  イスラエル



IN DEPTH

Background

Metamaterials, engineered artificial materials, offer unprecedented control over
electromagnetic and acoustic waves in ways impossible with natural substances, a field
that has seen active research over the past few decades. Acoustic metamaterials,
specifically, hold substantial promise for diverse applications such as noise control,
seismic wave deflection, and enhanced ultrasound imaging. The U.S. Department of
Defense (DoD) has a significant strategic interest in advancing acoustic cloaking
technologies to protect vessels from enemy sonar and acoustic detection, alongside
developing more precise underwater communication systems and advanced sensor
technologies for defense applications. This substantial grant is specifically allocated to
accelerate the transition of this fundamental research into practical, applied
development, addressing these critical strategic requirements.

Key Findings

A research team at the Technion-Israel Institute of Technology, under the leadership of
Professor Gal Shmuel, has successfully developed a theoretical model for novel
metamaterials operating on a newly identified principle: electro-momentum coupling.
This pioneering research has attracted a significant $7.5 million grant from the U.S.
Department of Defense (DoD) to support its applied development. This milestone
represents a critical advancement towards realizing compact devices capable of
efficiently detecting and manipulating acoustic signals, poised to revolutionize diverse
sectors including acoustic cloaking, advanced medical imaging diagnostics, and robust
underwater communications.



Technical Details

The innovative metamaterials engineered by Professor Shmuel's team are uniquely
capable of converting incident acoustic signals into electrical signals, exhibiting a
pronounced dependence on the signal's direction of origin. This groundbreaking
capability is achieved through the meticulous design of nanoscale asymmetries within
piezoelectric materials—substances renowned for their ability to interconvert mechanical
stress and electrical energy. Unlike conventional acoustic sensors and transducers, which
face inherent limitations in precise signal directionality, these new metamaterials can
effectively 'cloak' acoustic wave propagation paths or selectively harvest signals from
highly specific directions. For medical imaging, this could enable more targeted delivery
of ultrasound into biological tissues and the capture of high-resolution reflected signals,
significantly enhancing diagnostic accuracy. In underwater communication, the
technology is expected to facilitate the development of compact devices capable of
transmitting acoustic signals over greater distances with superior resistance to ambient
noise.

Strategic Significance & Outlook

The substantial $7.5 million grant will significantly accelerate the research efforts aimed
at demonstrating the practical feasibility and eventual commercialization of the
metamaterial model developed by Professor Shmuel's team. Immediate applications
under consideration include compact acoustic sensors for integration into unmanned
underwater vehicles (UUVs) and small aerial drones, as well as incorporation into next-
generation medical imaging devices. Looking further ahead, the application of acoustic
cloaking technology to stealth vessels and submarines holds the potential to profoundly
reshape military strategy. In the medical domain, this innovation is expected to foster the
development of advanced non-invasive therapies and precision diagnostics. Ultimately,
this pioneering metamaterial technology is poised to transcend conventional boundaries
across physics, engineering, and applied sciences, playing a pivotal role in shaping the
technological landscape of the future.

Source: https://www.technion.ac.il/en/blog/article/technion-researcher-develops-innovative-
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#27 Samsung SDI Boosts Next-Gen All-Solid-State
Battery 'SolidStack' for EVs and Robotics with Sulfide-
Based ASSB Technology

OVERVIEW

Samsung SDI is concentrating on sulfide-based all-solid-state battery (ASSB)

technology to dramatically enhance overall battery performance for next-generation

ASSBs. The company has adopted its proprietary solid electrolyte and innovative

anode-free technology for its 'SolidStack' ASSB line, maximizing energy density while
ensuring safety and extended lifespan. By developing pouch-type batteries for

robotics and prismatic-type batteries for electric vehicles (EVs), Samsung SDI is

expanding battery format applicability, positioning itself as a breakthrough player in

both future mobility and robotics sectors.

Published July 07, 2026  Samsung SDI  South Korea



IN DEPTH

Key Findings

Samsung SDI stands at the forefront of next-generation battery technology, with a
concentrated focus on developing sulfide-based All-Solid-State Battery (ASSB)
technology to significantly enhance overall battery performance. The company has
announced its 'SolidStack' ASSB line, which incorporates its proprietary high-
performance solid electrolyte and innovative anode-free technology. This strategy aims
to maximize energy density while simultaneously ensuring battery safety and extended
lifespan, positioning Samsung SDI to drive innovation in diverse application areas such
as Electric Vehicles (EVs) and robotics.

Technical / Clinical Details

Samsung SDI's sulfide-based ASSB technology fundamentally improves safety and
reliability by eliminating the fire risks associated with conventional liquid electrolytes and
achieving both high ionic conductivity and stability. Notably, the anode-free technology
employed in the 'SolidStack' line obviates the need for the graphite anode found in
existing lithium-ion batteries. By directly utilizing lithium metal, this technology can
dramatically increase volumetric energy density. This contributes to smaller and lighter
batteries, extending EV driving ranges and enhancing the operational time of robots.
Furthermore, the company is developing flexible pouch-type batteries for robotics and
space-efficient prismatic-type batteries for EVs. This approach of providing optimal form
factors for each application caters to diverse market needs.



Background & Context

As the global adoption of electric vehicles accelerates and robotics technology advances,
the demand for high-performance, safe, and long-lasting batteries has reached
unprecedented levels. Conventional liquid lithium-ion batteries are approaching their
limits in terms of energy density and safety, fueling high expectations for next-
generation all-solid-state batteries. Samsung SDI, a company with a long history of
leading battery technology innovation, views this strategic investment in sulfide-based
ASSB technology as a strong commitment to maintain its leadership in the global battery
market and support the future transformation of mobility and industry. This initiative is
particularly significant given that competing companies in China, Japan, and Western
countries are also intensely focused on ASSB development, making Samsung SDI's
efforts stand out in a fiercely competitive international landscape.

Strategic Significance & Outlook

Samsung SDI plans to further accelerate the technological development of its sulfide-
based ASSB 'SolidStack,' aiming for commercialization starting in 2027. In the future, this
ASSB is expected to nearly double the driving range of electric vehicles and significantly
reduce charging times, thereby fueling explosive growth in the EV market. In the robotics
sector, as batteries enabling longer operational periods and more complex tasks, they
will drive innovation across a wide range of applications, from industrial robots to service
robots and humanoid robots. Samsung SDI's endeavor is anticipated to open new
frontiers in battery technology and contribute significantly to the realization of a
sustainable energy society.

Source: https://news.samsungsdi.com/global/click?seq=434
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#28 PatSnap Eureka Details Optimization of Self-
Healing Epoxy Coatings for Flexible Circuit Protection

OVERVIEW

Self-healing epoxy coatings, incorporating microcapsules or reversible chemical

bonds, represent a breakthrough technology for automatically repairing minor

damage on coated surfaces. When scratches or cracks occur, healing agents are

released, or chemical bonds reform, restoring the protective barrier. This technology

significantly extends the reliability and lifespan of flexible circuits, maintaining their

protective performance even after mechanical damage, thus contributing to reduced

maintenance costs and enhanced sustainability in the electronics sector.

Published July 07, 2026  PatSnap Eureka  Global



IN DEPTH

Key Findings

Self-healing epoxy coatings offer a groundbreaking solution for flexible circuit
protection. This technology possesses the remarkable ability to automatically repair
minor scratches and cracks that appear on the coating surface, leveraging the principles
of microencapsulation and reversible chemical bonding. Consequently, it significantly
extends the service life of the coating and ensures the continuous maintenance of its
protective barrier function even after mechanical damage.

Technical / Clinical Details

Two primary approaches define the mechanism of self-healing epoxy coatings. One is
the 'microencapsulation approach,' where liquid healing agents (e.g., epoxy resin
monomers and curing agents) are encapsulated in tiny microcapsules and dispersed
within an epoxy resin matrix. When a scratch or crack develops in the coating, the
capsules rupture, releasing the healing agents. These released agents then undergo a
polymerization reaction at the damaged site, hardening to fill the crack and repair the
protective layer. The other is the 'reversible chemical bonding approach.' This involves
incorporating chemical bonds (e.g., Diels-Alder reactions or imine bonds) into the
polymer network that can reversibly form and break in response to specific external
stimuli (such as heat or light). Upon damage, these dynamic bonds rearrange, allowing
the material to flow, close the crack, and achieve self-healing.

Background & Context

Flexible circuits are indispensable components in modern electronic products
demanding miniaturization, lightweighting, and high performance, such as wearable
devices, IoT sensors, aerospace, and medical equipment. However, their inherent
flexibility makes these circuits susceptible to mechanical stress, bending, impact, and
abrasion, with damage to protective coatings directly risking device failure. Conventional
protective coatings, once damaged, lose their functionality, necessitating costly repairs
or replacements. Self-healing technology addresses this challenge, promising to enhance
device reliability, reduce maintenance costs, and contribute to efficient resource
utilization as a sustainable solution.



Strategic Significance & Outlook

The optimization of self-healing epoxy coatings will dramatically improve the reliability
and lifespan of flexible circuits, significantly impacting the electronics industry. Research
and development are expected to focus on further enhancing healing efficiency,
increasing the number of healing cycles, developing more environmentally friendly
healing agents, and reducing manufacturing process costs. In the future, this technology
is anticipated to extend beyond mere circuit protection to become a core technology for
various next-generation products requiring self-healing capabilities, including smart
textiles, bio-inspired devices, and autonomous robots. This will accelerate the
widespread adoption of more robust and sustainable electronic products.

Source: https://eureka.patsnap.com/report-how-to-optimize-epoxy-resin-coatings-for-flexible-circuit-

protection
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#29 German Startup alqem Secures €8M for AI-Driven
Materials Discovery, Accelerating Rare-Earth-Free
Magnet Development

OVERVIEW

German deep-tech startup alqem has raised €8 million in a pre-seed funding round

led by UVC Partners and Union Square Ventures to scale its AI-driven materials

discovery engine. The funding will accelerate the development of next-generation

materials, particularly rare-earth-free magnets crucial for electric vehicles, wind
turbines, robotics, and defense systems. Leveraging a vast materials database and

high-quality training data, alqem aims to significantly reduce the time from material

prediction to industrial application, fostering more sustainable and secure supply

chains.

Published July 06, 2026  UVC Partners  Germany



IN DEPTH

Key Findings

alqem, a German deep-tech startup, has successfully raised €8 million (approximately
$8.6 million USD) in a pre-seed funding round co-led by UVC Partners and Union Square
Ventures. This significant investment is earmarked for expanding its AI-driven materials
discovery engine, with a strategic focus on developing next-generation materials,
including high-performance rare-earth-free magnets.

Technical / Clinical Details

The core of alqem's technology is an advanced AI platform that integrates a massive
database of predicted materials with high-quality training datasets. This synergistic
approach aims to drastically shorten the traditional materials development cycle, moving
from theoretical prediction to industrial application with unprecedented speed. The
company is specifically targeting rare-earth-free magnets, which are critical components
for burgeoning sectors such as electric vehicles, wind turbines, robotics, and defense
systems. Current reliance on rare-earth elements poses substantial supply chain
vulnerabilities and environmental concerns, making alqem's innovative approach a
potential game-changer for these industries.

Background & Context

The global industrial landscape faces increasing pressure to reduce dependency on rare-
earth elements, which are often subject to volatile supply chains and geopolitical
complexities. The development of high-performance, rare-earth-free alternatives is not
merely an incremental improvement but a strategic imperative for national security and
economic resilience. AI and machine learning are proving to be indispensable tools in
this quest, offering a computational advantage over traditional, labor-intensive
experimental methods. By integrating advanced algorithms with vast material datasets,
companies like alqem can explore and optimize material properties much faster than
human researchers, addressing critical bottlenecks in material innovation.



Strategic Significance & Outlook

The newly secured capital will enable alqem to further advance its AI platform, expand its
scientific and engineering teams, and initiate early commercialization projects. The
market for rare-earth-free magnets is projected to grow substantially with the global
shift towards electrification and renewable energy. alqem's technology has the potential
to disrupt the existing magnet market, offering solutions that are both environmentally
sustainable and economically competitive. This initiative positions Germany and the
broader European Union at the forefront of advanced materials innovation, contributing
to greater industrial independence and sustainability on a global scale.

Source: https://www.uvcpartners.com/news/alqem-raises-e8m-to-scale-its-ai-driven-materials-discovery-

engine-built-on-the-largest-known-materials-database
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#30 China Rare Earth Invests ¥19.5M in 20-Ton/Year
Pilot Line for Advanced Rare-Earth Powder Materials
for Aerospace and Gas Turbines

OVERVIEW

China Rare Earth Co., Ltd. has approved a ¥19.5 million (approximately $2.7 million

USD) investment to build two pilot production lines in Guangzhou for high-

performance rare-earth derived powder materials. These materials are specifically

designed for advanced coatings in heavy-duty gas turbines, aerospace engines, and
demanding industrial equipment. With an annual pilot capacity of 20 metric tons, this

project underscores China's ongoing strategy to strengthen its control across the

entire rare-earth value chain, moving beyond raw material extraction to high-value-

added production.

Published July 09, 2026  Rare Earth Exchanges  China



IN DEPTH

Key Findings

China Rare Earth Co., Ltd. has approved an investment of ¥19.5 million (approximately
$2.7 million USD) for the construction of two pilot production lines in Guangzhou. These
lines will focus on advanced rare-earth derived powder materials destined for high-
performance applications in the aerospace and gas turbine industries.

Technical / Clinical Details

The new pilot lines are engineered to produce specialized rare-earth derived powder
materials that are crucial for high-functional coatings in demanding applications such as
heavy-duty gas turbines, aerospace engines, and other industrial equipment requiring
extreme durability. These materials are expected to provide superior properties like
enhanced thermal resistance, corrosion protection, and reduced weight, significantly
improving the performance and longevity of components in harsh operational
environments. The initial pilot production capacity of 20 metric tons per year is intended
for rigorous technical validation and limited market supply, laying the groundwork for
future full-scale commercial manufacturing.

Background & Context

Rare-earth elements are indispensable for modern high-tech industries, and the supply
chain for high-performance materials in sectors like aerospace and defense is
strategically vital for national security. China currently dominates global rare-earth
supply and has been pursuing a long-term strategy to control the entire rare-earth value
chain, from mining to processing and the manufacturing of high-value-added products.
This latest investment signifies a move beyond mere raw material supply, aiming to
bolster domestic production capabilities for advanced, near-final product materials,
thereby solidifying China's position in the international market.



Strategic Significance & Outlook

The establishment of these pilot lines marks a critical step for China in enhancing its
technological self-sufficiency and competitive edge in advanced rare-earth materials. A
stable domestic supply of high-functional powder materials will accelerate the
technological development and product commercialization for Chinese enterprises in
aerospace and energy sectors. Furthermore, this move reasserts China's dominance in
the global rare-earth market, potentially influencing geopolitical dynamics and
prompting other nations to further diversify their rare-earth supply chains. The
investment underscores a broader strategic effort to secure technological leadership and
industrial independence.

Source: https://rareearthexchanges.com/news/china-rare-earth-invests-in-advanced-rare-earth-derived-
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Collected: July 10, 2026 | Automated Research System (Gemini API)

https://rareearthexchanges.com/news/china-rare-earth-invests-in-advanced-rare-earth-derived-powder-materials-pilot-line-for-aerospace-and-gas-turbines/
https://rareearthexchanges.com/news/china-rare-earth-invests-in-advanced-rare-earth-derived-powder-materials-pilot-line-for-aerospace-and-gas-turbines/


#31 Porelio Raises €2.4 Million to Scale Advanced
Materials for Precious Metal Recovery and PFAS
Removal

OVERVIEW

Porelio, an innovative startup, has secured €2.4 million in pre-seed funding to scale its

advanced materials for precious metal recovery and PFAS removal. The company has

developed a scalable manufacturing process for functional ordered mesoporous silica

(FOMS) aiming to efficiently recover valuable metals from industrial processes and
eliminate PFAS from water. This capital infusion will accelerate the transition of FOMS

material production from pilot to industrial scale, driving commercialization after

successful proof-of-concept projects across Europe.

Published July 08, 2026  Menlo Times  Europe



IN DEPTH

Key Findings

Porelio, a pioneering startup, has successfully raised €2.4 million (approximately $2.6
million USD) in a pre-seed funding round. This investment is aimed at scaling its
innovative advanced materials designed for the recovery of precious metals and the
removal of per- and polyfluoroalkyl substances (PFAS).

Technical / Clinical Details

Porelio's core innovation lies in its functional ordered mesoporous silica (FOMS)
technology. This advanced material features a unique porous structure and tailored
surface chemistry, enabling highly efficient adsorption and recovery of precious metals,
even from extremely dilute industrial process streams. Concurrently, FOMS demonstrates
exceptional capability in removing stubborn environmental contaminants like PFAS from
water. The secured funding will be instrumental in upscaling the production of FOMS
materials from its current pilot phase to industrial volumes. This expansion is critical for
accelerating the commercialization of the technology, building on the success of
multiple proof-of-concept projects already completed across Europe.

Background & Context

The industrial demand for efficient precious metal recovery is driven by both economic
incentives and the increasing need for sustainable resource management.
Simultaneously, PFAS, often termed 'forever chemicals,' present a severe global
environmental and public health challenge due to their persistence and bioaccumulation.
Traditional methods for PFAS removal are often costly, inefficient, or generate secondary
waste streams. Porelio's FOMS materials offer a dual solution, providing a highly efficient
and sustainable approach to both resource recovery and environmental remediation.
This technology has the potential to significantly contribute to the circular economy and
address critical environmental pollution issues.



Strategic Significance & Outlook

The commercial deployment of Porelio's FOMS technology at an industrial scale is
expected to revolutionize precious metal recycling in sectors such as electronics, plating,
and catalyst manufacturing, while simultaneously drastically reducing PFAS
contamination in industrial effluents and public water supplies. This offers a compelling
value proposition for industries facing stringent environmental regulations and rising
resource costs. The acceleration of commercialization in Europe is a crucial step towards
broader global market penetration, positioning Porelio as a key player in sustainable
materials and environmental solutions, driving both corporate profitability and
ecological responsibility.

Source: https://www.menlotimes.com/porelio-raises-e2-4-million-to-scale-advanced-materials-that-
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#32 Niron Magnetics Commences Commercial
Shipments of First High-Performance Rare-Earth-Free
Permanent Magnets

OVERVIEW

Niron Magnetics has successfully begun commercial shipments of the first high-

performance rare-earth-free permanent magnets, based on iron nitride technology.

This marks the first new permanent magnet material in decades, eliminating reliance

on rare-earth elements and their dominant suppliers. The company is actively
pursuing motor qualifications with automotive OEMs and defense clients, anticipating

a streamlined qualification period of 15-24 months for defense applications.

Published July 02, 2026  Rare Earth Exchanges Podcast  USA



IN DEPTH

Key Findings

Niron Magnetics has initiated commercial shipments of its groundbreaking, high-
performance rare-earth-free permanent magnets, utilizing an innovative iron nitride
(FeN) composition. This achievement marks a significant milestone, offering a sustainable
and geopolitically secure alternative to conventional rare-earth magnets for critical
applications such as electric vehicles and defense systems.

Technical / Clinical Details

The magnets developed by Niron Magnetics exhibit magnetic properties comparable to
traditional neodymium magnets but without any rare-earth elements. This technological
leap represents the first significant innovation in permanent magnet materials in several
decades. The iron nitride-based magnets maintain a high magnetic energy product while
also demonstrating stable performance at elevated temperatures, making them ideal for
demanding applications like electric vehicle motors, wind turbine generators, precise
robotics, and defense systems. Niron is actively engaged in qualifying its magnets with
major automotive OEMs for motor applications and is collaborating with defense
customers to shorten the typically lengthy qualification periods, targeting 15-24 months
for defense-specific components.

Background & Context

Rare-earth elements are indispensable for manufacturing high-performance permanent
magnets, but their supply chains are plagued by geopolitical risks and significant
environmental costs. China's near-monopoly on global rare-earth supply poses a
strategic vulnerability for many nations, driving a persistent global effort to develop rare-
earth-free alternatives. Niron Magnetics' successful commercialization represents a
pivotal breakthrough in this long-standing challenge, marking a critical step towards
reducing global dependency on these critical, yet problematic, materials.



Strategic Significance & Outlook

The rare-earth-free magnets from Niron Magnetics are poised to meet substantial
demand driven by the rapid expansion of the electric vehicle market and the imperative
for domestic supply chain resilience in the defense sector. This technology not only
offers enhanced design flexibility and potential cost competitiveness for electric motors
in the automotive industry but also contributes significantly to supply security for crucial
components in defense applications. Future applications are expected to extend into a
broader range of industrial equipment and consumer electronics, potentially reshaping
the global permanent magnet market structure and fostering greater material
independence and environmental sustainability.

Source: https://www.rareearths.io/podcast/the-first-rare-earth-free-magnet-that-actually-works-tom-
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#33 OECD Webinar Explores Strategic Role of Advanced
Materials in Energy, Semiconductors, and Healthcare

OVERVIEW

The OECD Global Technology Forum hosted a webinar discussing how advanced

materials are shaping strategic sectors like energy, semiconductors, healthcare, and

advanced manufacturing. The event highlighted key innovations in materials, the

pivotal role of AI in materials discovery, pathways to commercialization, and industrial

ecosystems supporting scale-up. Particular attention was given to technological

maturity, emerging applications, and the convergence of advanced materials with

other critical technologies.

Published July 02, 2026  OECD  International



IN DEPTH

Key Findings

The Organisation for Economic Co-operation and Development (OECD) Global
Technology Forum organized a webinar to explore the profound impact and strategic
role of advanced materials across critical sectors, including energy, semiconductors,
healthcare, and advanced manufacturing.

Technical / Clinical Details

The webinar showcased the latest innovations in advanced materials, such such as next-
generation batteries, high-performance semiconductor substrates, biocompatible
implants, and lightweight composites. A significant emphasis was placed on the
application of artificial intelligence (AI) in materials discovery, discussing how AI
accelerates the design of novel materials, predicts their properties, and optimizes
synthesis routes. Furthermore, the discussions delved into the importance of efficient
commercialization strategies and robust industrial ecosystems that facilitate the
transition from laboratory discoveries to large-scale industrial production. This
exploration was framed around advancing technological readiness levels (TRLs),
unlocking new application domains, and leveraging the convergence of advanced
materials with other critical technologies like quantum computing and biotechnology to
drive overarching industrial innovation.

Background & Context

Advanced materials are fundamental enablers of modern economic growth and crucial
for addressing global challenges, including the transition to clean energy, digital
transformation, and responding to aging societies. However, the research and
development of these materials often involve complex, time-consuming, and capital-
intensive processes. International collaboration and supportive policy frameworks are
essential to accelerate innovation and reduce barriers to market entry. The OECD's role in
facilitating information exchange and best practices among member countries is critical
for tackling common strategic challenges in the advanced materials sector.



Strategic Significance & Outlook

The insights presented during the webinar serve as a foundational guide for
governments, research institutions, and industry stakeholders to re-evaluate the strategic
value of advanced materials and strengthen collaborative approaches. The synergy
between AI and materials science is expected to unlock the discovery of entirely new
classes of materials with unprecedented functionalities, contributing to enhanced energy
efficiency, breakthroughs in medical technology, and the construction of more
sustainable societies. For policymakers, these discussions provide crucial guidance for
prioritizing R&D investments, streamlining regulatory environments, and promoting
international standardization in the advanced materials domain, ensuring a globally
competitive and innovative landscape.

Source: https://www.oecd.org/sti/advanced-materials-for-strategic-sectors-webinar-2026.htm
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#34 CovationBio Commercializes Xatryx® bioPTMEG
and Sorona® Elasterell-P, Next-Gen Bio-Based Fibers
from Plant Sources

OVERVIEW

Covation Biomaterials LLC unveiled two new bio-based innovations at the Functional

Fabric Fair New York: Xatryx® bioPTMEG and Sorona® elasterell-p fiber. Xatryx®

bioPTMEG, a second-generation bio-based polyether glycol derived from corn cobs,

is set for commercial production in late 2026. Sorona® elasterell-p fiber, the first
bicomponent stretch fiber in the US made from 37% plant-based Sorona® polymer,

is already commercially available in the US and Latin America, advancing sustainable

textile solutions.

Published July 07, 2026  PR Newswire  USA



IN DEPTH

Key Findings

Covation Biomaterials LLC announced two significant bio-based innovations at the
Functional Fabric Fair New York: Xatryx® bioPTMEG, a next-generation bio-based
polyether glycol derived from corn cobs, and Sorona® elasterell-p fiber, the first U.S.-
made bicomponent stretch fiber with 37% plant-based content. Sorona® elasterell-p is
already commercially available in the U.S. and Latin America.

Technical / Clinical Details

Xatryx® bioPTMEG represents a second-generation bio-based polyether glycol (PTMEG)
manufactured from corn cobs, offering a more sustainable alternative to traditional
petroleum-derived PTMEG, a critical component in stretch fibers and elastomers.
Commercial production for Xatryx® bioPTMEG is slated for late 2026, which will
significantly expand the availability of bio-based materials in industrial applications. The
Sorona® elasterell-p fiber is a pioneering bicomponent stretch fiber in the U.S., made
from 37% plant-based Sorona® polymer. This fiber delivers exceptional stretch and
recovery properties, ideal for sportswear, apparel, and carpets, combining comfort with
environmental responsibility. Its current commercial availability in the U.S. and Latin
American markets ensures immediate impact and adoption within the textile supply
chain.

Background & Context

The textile industry faces mounting pressure to reduce its environmental footprint,
characterized by high reliance on petroleum-based materials, intensive energy
consumption, and significant waste generation. Increasing consumer awareness and
corporate sustainability mandates are driving a critical shift towards bio-based and
recyclable materials. Innovations from companies like Covation Biomaterials are pivotal
in this transition, offering viable solutions that mitigate dependence on fossil resources
and contribute to reducing carbon emissions, paving the way for a more sustainable
future in textiles.



Strategic Significance & Outlook

These new bio-based fibers from Covation Biomaterials are poised to significantly
influence the textile industry by offering a compelling combination of performance and
sustainability. The upcoming commercial production of Xatryx® bioPTMEG and the
existing market presence of Sorona® elasterell-p fiber will accelerate the adoption of
bio-based materials across the entire supply chain. Apparel brands and manufacturers
can leverage these materials to expand their eco-friendly product lines, catering to a
growing demographic of environmentally conscious consumers. Long-term, these
innovations are expected to drive the transition towards a more sustainable and circular
economy, fundamentally transforming business models within the textile sector.

Source: https://www.prnewswire.com/news-releases/covationbio-introduces-two-new-bio-based-

innovations-at-functional-fabric-fair-new-york-302302008.html
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#35 Morgan Advanced Materials Secures Undisclosed
Funding Rounds and Acquires Two Companies in
Advanced Ceramics Sector

OVERVIEW

Morgan Advanced Materials, a UK-based public company established in 1856,

specializing in advanced ceramics products, has completed two undisclosed funding

rounds and acquired two companies, according to its Tracxn profile. These strategic

moves demonstrate the company's ongoing commitment to strengthening its market
position and driving innovation in the advanced materials sector.

Published July 04, 2026  Tracxn  UK



IN DEPTH

Key Findings

Morgan Advanced Materials, a venerable UK-based public company founded in 1856,
dedicated to the development of advanced ceramics products, has successfully
completed two undisclosed funding rounds and made two strategic acquisitions. These
actions underscore the company's proactive approach to bolstering its market leadership
in the specialized field of advanced materials.

Technical / Clinical Details

Morgan Advanced Materials specializes in the research, development, and
manufacturing of a diverse range of advanced materials, including high-performance
ceramics, composites, and specialized carbon materials. These materials are crucial
components across various industrial sectors, such as aerospace, defense, healthcare,
energy, and semiconductors. The company's technologies deliver unique functionalities,
including high-temperature resistance, wear resistance, and electrical insulation, essential
for extreme operating conditions. While the Tracxn profile does not detail the specific
technologies or acquired entities, these financial and strategic moves indicate an
aggressive strategy to expand expertise and market share within particular technological
domains and market segments.

Background & Context

The advanced materials industry is characterized by continuous growth and
consolidation, driven by technological innovation and evolving industrial demands.
Ceramics, in particular, are indispensable for applications in harsh environments—such
as high temperatures, pressures, and corrosive conditions—due to their superior physical
and chemical properties. To maintain competitiveness and capitalize on new
opportunities, sustained investment in R&D and strategic acquisitions to fortify the
business portfolio are critical. Morgan Advanced Materials' activities reflect its
commitment to sustaining leadership in this dynamic market landscape.



Strategic Significance & Outlook

The recent funding rounds and acquisitions represent crucial steps for Morgan Advanced
Materials to further enhance its innovation capabilities and market reach in the advanced
ceramics sector. The undisclosed funds will likely be allocated towards further research
and development initiatives, expansion of production capacities, or additional strategic
investments. Through these acquisitions, the company aims to integrate new
technologies, expand its customer base, or gain access to new markets, thereby
establishing a stronger competitive advantage. These strategic actions are expected to
provide a robust foundation for the company to capture future growth opportunities
and solidify its position as a dominant player in the advanced materials market.

Source: https://tracxn.com/d/companies/morgan-advanced-materials/NzB4_7_yQ5R0m6Lp1K3k5M
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#36 Graphene Oxide Nanocapsules Enable Self-Healing
Smart Coatings, Revolutionizing Industrial Corrosion
Control

OVERVIEW

Research on graphene oxide is rapidly transitioning from lab to field applications

through industrial nanotechnology, especially for self-healing smart coatings.

Graphene oxide nanoparticles act as nanocapsules encapsulating advanced corrosion

inhibitors. When the coating is damaged, inhibitors are released, immediately halting
corrosion progression and significantly extending the maintenance cycle of industrial

infrastructure. This breakthrough promises enhanced durability and reduced

operational costs.

Published July 10, 2026  Inspenet  International



IN DEPTH

Key Findings

Graphene oxide (GO) based self-healing smart coating technology is rapidly progressing
from laboratory research to industrial applications, holding significant potential to
revolutionize corrosion control in various sectors. This breakthrough is expected to
substantially enhance the durability of industrial infrastructure and reduce maintenance
costs.

Technical / Clinical Details

In this innovative approach, graphene oxide nanoparticles function as nanocapsules that
encapsulate advanced corrosion inhibitors. When mechanical damage, such as scratches
or cracks, occurs on the coating surface, these nanocapsules rupture, releasing the
encapsulated inhibitors precisely at the damaged site. The released inhibitors then
promptly halt the corrosion process, preventing further degradation of the metallic
substrate. This mechanism prevents minor damage from escalating into major failures,
thereby significantly extending the lifespan of industrial equipment and structures.
Unlike conventional coatings that lose protective function upon damage, GO-based
smart coatings actively respond to damage, maintaining long-term protection.

Background & Context

Corrosion in industrial settings is a pervasive problem, leading to deterioration of
equipment and infrastructure, posing safety threats, and incurring immense economic
losses. The global annual cost of corrosion is estimated to be several percent of GDP,
making the development of effective corrosion control technologies an urgent priority.
Graphene and its derivative, graphene oxide, have garnered significant attention as next-
generation anti-corrosion coating materials due to their exceptional mechanical
strength, barrier properties, and chemical stability. Integrating nanotechnology allows for
the incorporation of novel functionalities like self-healing, marking a paradigm shift from
passive to active protection mechanisms.



Strategic Significance & Outlook

Self-healing smart coatings based on graphene oxide are anticipated to find widespread
applications across diverse industrial sectors, including oil and gas, chemical plants,
marine structures, aerospace, and automotive. The commercialization of this technology
promises significant reductions in equipment maintenance frequency and costs, leading
to improved operational uptime. Furthermore, extending material lifespan contributes to
resource conservation and waste reduction, promoting sustainable industrial practices. In
the future, the development of multi-functional smart coatings capable of adapting to
more complex environmental conditions and diverse materials is expected,
fundamentally enhancing the safety and reliability of industrial infrastructure.

Source: https://inspenet.com/noticia/graphene-oxide-for-industrial-corrosion-control/
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#37 Multi-Functional Self-Healing Polyurethane
Elastomer Developed for Advanced Strain Sensors

OVERVIEW

A novel ion-conductive polyurethane elastomer has been synthesized, exhibiting

room-temperature self-healing, superior mechanical properties, high conductivity,

bidirectional sensing, and thermoelectric capabilities. This material achieves high

mechanical strength and excellent room-temperature self-healing due to the

presence of multiple hydrogen bonds. It demonstrates potential for synergistic

monitoring of strain, temperature, and thermoelectric signals in wearable health

monitoring systems, opening new avenues for next-generation sensor technology.

Published July 06, 2026  ResearchGate (ACS Applied Polymer Materials)  International



IN DEPTH

Key Findings

Recent research has successfully synthesized an innovative ion-conductive polyurethane
elastomer that uniquely combines room-temperature self-healing capabilities with
excellent mechanical properties, high electrical conductivity, bidirectional sensing, and
thermoelectric characteristics. This multifunctional material holds significant promise as a
strain sensor for advanced wearable health monitoring systems.

Technical / Clinical Details

The synthesized polyurethane elastomer achieves its remarkable properties by
intelligently incorporating multiple hydrogen bonds into its molecular structure, leading
to exceptionally high mechanical strength and outstanding room-temperature self-
healing capacity. Specifically, the material can recover nearly its original performance
shortly after physical damage, even under ambient conditions. Furthermore, this
elastomer is ion-conductive, allowing it to respond sensitively to external mechanical
strain, temperature fluctuations, and even thermoelectric effects. This unique
combination enables synergistic monitoring of three distinct physical quantities—strain,
temperature, and thermoelectric signals—simultaneously and with high sensitivity using
a single material. This capability is particularly advantageous for applications in wearable
health monitoring systems, where real-time tracking of human motion, body
temperature, and specific bioelectrical signals is critical.

Background & Context

Wearable sensor technology is rapidly evolving across diverse fields such as healthcare,
fitness, and IoT devices. However, conventional sensor materials often face limitations in
terms of flexibility, durability, and self-healing properties, making them vulnerable to
long-term use and unexpected damage. Moreover, accurately monitoring multiple
physiological parameters simultaneously typically requires integrating several distinct
sensors, leading to increased device complexity and manufacturing costs. The
multifunctional self-healing elastomer developed in this study offers a breakthrough
solution to these challenges, paving the way for more robust, user-friendly, and high-
performance wearable sensors.



Strategic Significance & Outlook

This ion-conductive polyurethane elastomer is not only promising for strain sensors in
wearable health monitoring systems but also holds potential for a wide range of
applications, including soft robotics, artificial skin, and smart textiles. Its self-healing
capability is expected to extend device lifespan and enhance reliability, while its
multifunctional sensing capacity enables more advanced physiological data analysis and
environmental monitoring. In the future, this material is anticipated to become a
foundational technology for improving the accuracy of medical diagnostics, enabling
personalized health management, and facilitating more natural human-machine
interactions, thus driving innovation across multiple high-tech sectors.

Source: https://www.researchgate.net/publication/382022066_Multi-Functional_Self-

Healing_Polyurethane_Elastomer_Based_on_Chair_Conformation_for_Strain_Sensors
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#38 VUB Researcher Lise Vermeersch Develops Self-
Healing, Recyclable Sustainable Plastics via Diels-Alder
Reaction

OVERVIEW

VUB researcher Lise Vermeersch has pioneered a new class of self-healing and fully

recyclable plastics, leveraging the reversible Diels-Alder reaction. These next-

generation polymers are designed to autonomously repair damage, be reshaped, and

completely recycled while preserving their mechanical properties, offering a critical
solution to sustainability challenges across diverse applications from electronics to

composites.

Published Published July 06, 2026  Vrije Universiteit Brussel (VUB)  ベルギー



IN DEPTH

Background

The pervasive issue of plastic waste at the end of a product's lifecycle presents a
formidable environmental challenge. This problem is particularly pronounced for
advanced materials like high-performance composites and electronic components, which
often prove intractable to conventional recycling methods. Driven by escalating
environmental awareness and the urgent demand for circular resource economies, the
development of smart polymers—specifically those exhibiting self-healing and recyclable
attributes—has emerged as a global research priority. Dr. Lise Vermeersch's research
offers a highly promising pathway to addressing these critical challenges, poised to
substantially mitigate plastic waste and enhance overall resource efficiency.

Key Findings

Dr. Lise Vermeersch, a researcher at the Vrije Universiteit Brussel (VUB), has made a
significant breakthrough in materials science by developing novel self-healing and fully
recyclable plastics. Her innovative approach leverages the reversible nature of the Diels-
Alder reaction to engineer dynamic polymer networks. At the core of this innovation is
the incorporation of Diels-Alder adducts into polymer chains. These reversible covalent
bonds allow the material's molecular structure to temporarily cleave and subsequently
reform in response to external stimuli such as heat or specific chemical agents. This
dynamic bonding mechanism provides the foundational principle for the materials'
remarkable self-healing capabilities, enabling autonomous repair of minor cracks and
surface damage. Furthermore, this inherent reversibility facilitates complete material
lifecycle management: the polymers can be thermally melted and reshaped into new
products, or even depolymerized back to their constituent monomers for full chemical
recycling. This significantly elevates the sustainability footprint of these next-generation
polymers, broadening their applicability across crucial sectors including protective
coatings, high-performance adhesives, electronic encapsulation, and advanced
composites.



This advancement represents a substantial stride towards realizing a truly circular
economy, promising extended product lifespans and significantly reduced waste
generation. Especially for high-performance applications, these materials offer the critical
dual benefit of enhanced product reliability and drastically lowered environmental
impact. Looking ahead, this technology holds immense potential for industrial-scale
commercialization and widespread adoption as a sustainable material choice across vital
sectors like automotive, aerospace, and consumer electronics, poised to fundamentally
transform industry practices towards a sustainable future.

Source: https://www.vub.be/en/news/2026/07/06/self-healing-and-recyclable-vub-research-develops-

more-sustainable-materials
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#39 REalloys and JS Link Sign LOI to Develop Fully
Integrated North American Rare-Earth Magnet
Platform, Accelerating Decoupling from China

OVERVIEW

US rare earth materials company REalloys and South Korean permanent magnet

manufacturer JS Link have signed a strategic letter of intent to develop a fully

integrated, non-Chinese rare-earth magnet supply chain for North America. This

partnership will encompass raw materials, separation, metallization, and permanent
magnet manufacturing, targeting supply to the US Department of Defense,

aerospace, automotive, and industrial markets. JS Link is becoming a key non-Chinese

permanent magnet player through its commercial manufacturing in South Korea and

expansion plans in Malaysia and the US.

Published July 07, 2026  GlobeNewswire  USA



IN DEPTH

Key Findings

REalloys, a U.S. rare earth materials company, and JS Link, a South Korean permanent
magnet manufacturer, have signed a non-binding Strategic Letter of Intent (LOI) to
establish a fully integrated, non-Chinese rare-earth magnet supply chain platform in
North America. This collaboration marks a pivotal step in strengthening the security of
rare-earth magnet supply for the United States.

Technical / Clinical Details

The strategic partnership aims to cover the entire rare-earth magnet value chain.
Specifically, it intends to establish an integrated platform within North America that
handles rare-earth raw material sourcing, element separation and purification,
metallization, and the final manufacturing of permanent magnets. JS Link has already
cemented its position as a leading non-Chinese permanent magnet manufacturer
through its commercial operations in South Korea and ambitious expansion plans in
Malaysia and the U.S. REalloys will contribute its expertise in rare earth materials, and
together, they plan to supply high-quality magnet products to the U.S. Department of
Defense, aerospace, automotive, and other industrial markets. This initiative is expected
to reduce reliance on China and enhance supply chain resilience.

Background & Context

Rare-earth permanent magnets are indispensable components for numerous strategic
industries, including electric vehicles, wind turbines, defense systems, and advanced
electronics. However, the supply of these critical materials is heavily concentrated in
China, posing significant geopolitical risks and supply chain vulnerabilities
internationally. The United States and its allies have been making substantial investments
and policy efforts to reduce this dependence and build diversified supply chains within
domestic and friendly nations. The REalloys-JS Link partnership aligns directly with this
national strategy, aiming specifically to rebuild competitive rare-earth magnet
manufacturing capabilities in North America.



Strategic Significance & Outlook

The signing of this Strategic Letter of Intent represents a crucial milestone towards
enhancing self-sufficiency and competitiveness in the North American rare-earth magnet
industry. Once the fully integrated supply chain is established, the U.S. Department of
Defense will gain access to a more secure and reliable magnet supply, while the
aerospace and automotive industries will benefit from a stable material foundation for
innovative product development. This partnership has the potential to diversify rare-
earth magnet supply away from China and reshape the global rare-earth market balance.
In the long term, it is expected to mitigate geopolitical risks and contribute to the
establishment of more robust and sustainable global supply chains.

Source: https://www.globenewswire.com/news-release/2026/07/07/3229676/0/en/REalloys-and-JS-Link-

Sign-Non-Binding-Strategic-Letter-of-Intent-to-Develop-a-Fully-Integrated-North-American-Rare-Earth-
Magnet-Platform.html
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#40 Tohoku University & Sumitomo Corp.
Commercialize Innovative Silicon Carbide Synthesis
from CO2 and Silicon Waste, Enhancing Japan's Supply
Chain Resilience

OVERVIEW

Tohoku University and Sumitomo Corporation are advancing a joint industry-

academia project to commercialize innovative technology for synthesizing silicon

carbide (SiC) from silicon-based waste and CO2. This technology promises to boost

domestic high-purity SiC production, diversifying Japan's supply which is currently

80% imported. Utilizing waste feedstocks and requiring less energy than existing

methods, it offers strong cost competitiveness and significant environmental benefits.

Published July 09, 2026  Sumitomo Corporation  Japan



IN DEPTH

Key Findings

Tohoku University and Sumitomo Corporation are collaborating on a pioneering
industry-academia project to commercialize a groundbreaking technology for
synthesizing silicon carbide (SiC) using silicon-based waste and carbon dioxide (CO2) as
raw materials. This initiative is set to significantly contribute to Japan's domestic SiC
production and diversify its critical materials supply chain.

Technical / Clinical Details

This innovative SiC synthesis process diverges from conventional methods by directly
utilizing industrial silicon waste and captured CO2, rather than relying on high-energy
reactions from silica (SiO2) and carbon sources. This approach drastically reduces energy
consumption and is expected to lead to a substantial reduction in CO2 emissions during
manufacturing. The resulting SiC boasts high purity, making it suitable for a wide array of
high-tech applications, including power semiconductors, next-generation displays, and
electric vehicle inverters. Currently, Japan imports approximately 80% of its SiC, so the
commercialization of this technology is crucial for ensuring stable domestic supply and
technological autonomy.

Background & Context

Silicon carbide (SiC) is a strategic material indispensable for next-generation power
electronics, high-speed communication, and sensors in harsh environments, owing to its
superior semiconductor properties, high heat resistance, and strength. With the rapid
proliferation of electric vehicles (EVs), demand for high-efficiency power semiconductors
is surging, making a stable SiC supply a key factor in industrial competitiveness.
Concurrently, as CO2 emission reduction becomes a global imperative for combating
climate change, carbon recycling technologies that convert waste and CO2 into valuable
materials are attracting significant attention as crucial efforts towards achieving a
sustainable society.



Strategic Significance & Outlook

This project by Tohoku University and Sumitomo Corporation is poised to play a major
role in increasing Japan's self-sufficiency in SiC supply and establishing a robust
domestic supply chain. The use of waste-derived raw materials and a low-energy
production process will provide a strong cost advantage, accelerating the broader
industrial adoption of SiC. Furthermore, by contributing to CO2 emission reduction, it will
promote the transition to environmentally friendly industries and holds immense
potential to contribute to a sustainable society. This technology, upon
commercialization, promises to be an 'interesting' breakthrough that not only
strengthens Japan's industrial competitiveness but also addresses global environmental
challenges.

Source: https://www.sumitomocorp.com/en/jp/news/detail/id12563
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#41 Momentum Technologies Achieves 99.9% Pure
Rare Earth Recovery from Recycled Feedstocks via
Membrane Solvent Extraction (MSX)

OVERVIEW

Texas-based Momentum Technologies, a US company, achieved record purity by

recovering high-purity rare earth elements (REEs) from recycled feedstocks using its

proprietary Membrane Solvent Extraction (MSX) technology. The company recovered

99.9% pure neodymium-praseodymium oxide from E-waste and magnet
manufacturing waste, exceeding the 99% purity required for permanent magnets in

defense systems, robotics, electric vehicles, and AI hardware. This breakthrough

addresses key technical challenges in the US recycling industry, forming a foundation

for advancing commercial projects.

Published July 03, 2026  AL Circle  USA



IN DEPTH

Key Findings

Momentum Technologies, a U.S. company based in Texas, has achieved a record-
breaking purity of 99.9% in recovering rare earth elements (REEs) from recycled
feedstocks using its proprietary Membrane Solvent Extraction (MSX) technology. This
achievement is particularly significant for neodymium-praseodymium oxide (NdPr oxide)
recovery, surpassing industry-standard purity requirements.

Technical / Clinical Details

The MSX technology developed by Momentum Technologies enables the efficient and
high-purity separation and recovery of rare earths from diverse recycled feedstocks,
including electronic waste (E-waste) and magnet manufacturing scrap. Specifically, the
company successfully recovered NdPr oxide with 99.9% purity from E-waste and magnet
manufacturing waste. This purity level significantly exceeds the >99% purity typically
required for advanced applications such as permanent magnets used in defense systems,
robotics, electric vehicles, and AI hardware. Compared to traditional solvent extraction
methods, MSX technology substantially reduces solvent usage and simplifies the process,
enhancing economic efficiency while minimizing environmental impact.

Background & Context

Rare earth elements are indispensable strategic resources for modern high-tech
industries, yet their supply is often accompanied by geopolitical risks and high
environmental costs. The current concentration of global rare-earth supply in China
poses a significant vulnerability for many nations, accelerating worldwide efforts to
develop recycling technologies for sustainable rare-earth sourcing. Momentum
Technologies' breakthrough addresses a major technical challenge faced by the U.S.
recycling industry—the difficulty of achieving high-purity separation—marking a crucial
advancement towards establishing a domestic supply chain.



Strategic Significance & Outlook

The successful recovery of 99.9% pure NdPr oxide by Momentum Technologies will
greatly contribute to enhancing the resilience of the U.S. rare-earth supply chain. This
technology improves the feasibility of commercial-scale rare-earth recycling projects and
provides a foundational element for ensuring a stable supply of rare earths for critical
industries such as defense, automotive, and electronics. Looking ahead, the technology is
expected to be applied to the recovery of a broader range of rare-earth elements,
accelerating the realization of a circular economy for critical resources. This innovative
MSX technology offers a compelling breakthrough for both sustainable resource
management and national security, making it particularly 'interesting' for investors and
engineers alike.

Source: https://www.alcircle.com/news/us-company-momentum-technologies-recovers-high-purity-rare-
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#42 Engel's Clearmelt Technology Eliminates
Automotive Paint Lines, Directly Produces Self-Healing
Class A Surfaces in Injection Molds

OVERVIEW

Engel has unveiled its Clearmelt process, an innovative polyurethane flooding

technology that directly produces scratch-resistant, self-healing Class A surfaces for

large automotive exterior parts within a single injection mold. This breakthrough

eliminates conventional painting, coating, and polishing steps, drastically reducing
manufacturing costs, defect rates, and environmental impact. The technology also

enhances design freedom by enabling the direct integration of functional films for

advanced driver-assistance systems and lighting.

Published Published July 09, 2026  Plastics Today  オーストリア



IN DEPTH

Background

The automotive industry faces significant pressure to reduce manufacturing costs,
enhance production efficiency, and minimize environmental impact. Traditional
automotive painting processes are a major bottleneck, contributing to high energy
consumption, substantial volatile organic compound (VOC) emissions, and considerable
capital expenditure. With tightening environmental regulations and increasing demand
for sustainability, a fundamental shift in automotive surface finishing is urgently needed.
Engel's Clearmelt technology addresses these challenges head-on, offering the potential
to cut energy consumption and CO2 emissions by up to 60% compared to conventional
painting, thus enabling more sustainable and cost-effective vehicle production.

Key Findings

Engel's Clearmelt process represents a breakthrough in automotive surface finishing,
leveraging in-mold polyurethane (PU) flooding technology to directly produce scratch-
resistant, self-healing Class A surfaces for large automotive exterior components within a
single injection molding tool. This innovative approach integrates injection molding with
immediate PU layer application and curing, completely eliminating the need for
conventional painting, coating, and polishing steps. The result is a dramatically simplified
manufacturing process with significantly reduced defect rates, delivering the stringent
surface quality demanded by automotive exteriors. Beyond operational efficiencies,
Clearmelt enhances design freedom, enabling the direct integration of functional films
for advanced applications such as LiDAR/radar transparency or integrated lighting
elements—a critical capability for future smart and autonomous vehicle designs.
Strategically, this technology promises a substantial reduction in manufacturing facility
footprints, capital expenditures, and operational costs by removing entire paint lines. The
inherent self-healing properties of the Class A surfaces also contribute to lower lifetime
maintenance costs and improved customer satisfaction. This ability to embed advanced
functional features directly into components positions Clearmelt as a transformative
solution, poised to drive sustainability and innovation across the automotive supply
chain towards more intelligent mobility.
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#43 US-Based Avadain Pioneers LTDF Graphene for
Critical Minerals, Rare-Earth-Free Magnets, and High-
Efficiency Power Electronics

OVERVIEW

US-based Avadain has developed Large-Thin-Defect-Free (LTDF) graphene, a novel

graphene type targeting three strategic applications: reducing reliance on foreign

critical minerals, enhancing rare-earth-free iron nitride (Fe₂₁₆N₂) permanent magnets,

and improving cooling efficiency in high-power electronics. Avadain plans to license
this technology to chemical companies, with an initial agreement with Harcros

Chemicals serving as a crucial test for scaling production from lab to industrial scale.

Published July 08, 2026  Tech Funding News  USA
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Key Findings

Avadain, a U.S. company, has developed a revolutionary type of graphene known as
Large-Thin-Defect-Free (LTDF) graphene. This breakthrough material aims to deliver high
value in three strategic application areas: reducing dependence on foreign critical
minerals, enhancing rare-earth-free iron nitride (Fe₂₁₆N₂) permanent magnets, and
improving cooling efficiency in high-power electronics.

Technical / Clinical Details

Avadain's LTDF graphene is distinguished by its ability to be produced in larger sheet
sizes, with fewer defects, and extreme thinness compared to conventional graphene
manufacturing methods. This high-quality graphene holds the potential to dramatically
enhance various material properties. The first application area addresses the reduction of
reliance on foreign critical minerals, for instance, by using graphene in battery materials
or catalysts to decrease the amount of scarce metals required. Secondly, it targets the
enhancement of rare-earth-free iron nitride (Fe₂₁₆N₂) permanent magnets. By
incorporating LTDF graphene as a composite material, it can improve the thermal
stability and magnetic properties of magnets, fostering the development of magnets that
rival or surpass the performance of existing rare-earth magnets. Thirdly, it focuses on
improving heat dissipation in high-power electronics. Leveraging graphene's exceptional
thermal conductivity, its application in heat sinks and thermal management materials for
power devices can prevent performance degradation and failures due to overheating,
thereby extending device lifespan and efficiency. Avadain employs a licensing business
model for its LTDF graphene technology, with an initial licensing agreement with Harcros
Chemicals serving as a critical step to validate its scalability from laboratory to industrial
production.



Background & Context

Graphene has long been hailed as a 'wonder material,' but its commercialization has
faced significant challenges due to difficulties in achieving high-quality, large-scale
production. Avadain's LTDF graphene aims to overcome these production hurdles,
enabling practical applications across a wide range of industries. International
dependence on critical minerals, particularly the supply risks associated with rare earths,
is an urgent concern for governments worldwide, making the development of rare-earth-
free magnets a top priority. Furthermore, thermal management in high-power electronic
devices represents a bottleneck for performance enhancement and miniaturization,
where improved cooling efficiency through graphene could be a major breakthrough for
the semiconductor industry.

Strategic Significance & Outlook

If Avadain's LTDF graphene technology successfully transitions to industrial-scale
production with Harcros Chemicals, its impact will be far-reaching. The proliferation of
rare-earth-free magnets will contribute to stabilizing supply chains in the electric vehicle
and renewable energy sectors, globally reducing reliance on critical minerals.
Furthermore, highly efficient thermal management solutions will dramatically improve
the performance of next-generation data centers, EV inverters, and 5G devices, fostering
the realization of an energy-efficient society. Avadain's licensing model enables rapid
market introduction of graphene technology, accelerating 'interesting' innovations in
these strategic application areas.

Source: https://techfundingnews.com/introducing-ltdf-graphene-and-three-target-applications-critical-
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#44 Comprehensive Review Highlights Polymer-Based
Smart Materials as Key Drivers for Adaptive and
Sustainable Robotic Systems

OVERVIEW

A review in the Journal of Materials Chemistry C by The Royal Society of Chemistry

illustrates how polymer-based smart materials are driving growth and change in

robotics. These materials possess inherent abilities to perceive and respond to various

external stimuli, including thermal, electrical, and mechanical inputs. Smart polymers,

such as electroactive polymers (EAPs) and liquid crystal polymers (LCPs), are pivotal in

developing sensors and actuators, crucial for the transition to bio-inspired and

flexible robot designs, enhancing adaptability and sustainability.

Published July 10, 2026  The Royal Society of Chemistry (Journal of Materials Chemistry C)
International



IN DEPTH

Key Findings

A comprehensive review published in the Journal of Materials Chemistry C by The Royal
Society of Chemistry highlights the critical role of polymer-based smart materials in
advancing the adaptability and sustainability of robotic systems.

Technical / Clinical Details

The review focuses on various types of smart polymers, including electroactive polymers
(EAPs) and liquid crystal polymers (LCPs). These materials possess an inherent ability to
sense and respond to diverse external stimuli such as heat, electricity, mechanical force,
light, and pH changes, altering properties like shape, stiffness, color, and conductivity.
For instance, EAPs can change shape in response to applied voltage, functioning as
artificial muscles for soft robots. LCPs, on the other hand, can be utilized as actuators to
generate precise movements in response to thermal or light cues. These materials are
indispensable for developing flexible, lightweight, and highly adaptive sensors and
actuators, enabling bio-inspired robot designs that mimic more natural, human-like
movements, which are difficult for traditional rigid robots. Furthermore, properties
contributing to sustainability, such as self-healing and recyclability, are emphasized as
key features of smart polymers.

Background & Context

Robotics continues to expand its application range, from industrial automation to
healthcare, exploration, and service robots. However, conventional robots are often rigid,
heavy, and unsuitable for safe human interaction or operation in complex, undefined
environments. The emergence of soft robotics aims to overcome these challenges,
developing more flexible, adaptive, and inherently safe robotic systems. Polymer-based
smart materials are at the heart of this field, key to enabling robots to interact more
intelligently with their environment, self-heal from damage, and operate in energy-
efficient ways. Sustainability is an urgent concern in materials development, and smart
polymers are expected to make significant contributions to both resource efficiency and
environmental impact reduction.



Strategic Significance & Outlook

The continuous advancement of polymer-based smart materials is essential for shaping
the future of robotics. These materials will open up new application areas, including
wearable devices, biomimetic robots, artificial organs, and self-adaptive manufacturing
systems. Crucially, self-healing and recyclability features will significantly enhance the
sustainability of robotic systems by extending their lifespan and reducing waste. Moving
forward, the design and synthesis of smart polymers with more complex functionalities,
along with the development of large-scale production techniques, will be critical factors
in accelerating the commercialization of this field. Smart materials are expected to play a
central role in realizing safer, more environmentally friendly, and highly adaptive next-
generation robots that can closely collaborate with humans.

Source: https://pubs.rsc.org/en/content/articlelanding/2026/tc/d6tc00901e
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#45 Fraunhofer IWM Develops 3D Printing for Porous
Functional Materials with Customizable Porosity and
Strength, Optimizing Energy Conversion

OVERVIEW

Fraunhofer IWM has successfully developed and manufactured porous functional

materials using capillary suspensions, allowing for customized porosity and strength.

This technology enables precise control over pore and material gradients and

complex geometries, optimizing mass transport and enhancing energy conversion
efficiency. The institute offers a comprehensive development chain from capillary

suspension production to 3D printing of porous functional materials, functional

verification for energy conversion generators, and transition to various application

fields.

Published July 07, 2026  Fraunhofer-Institut für Werkstoffmechanik (IWM)  Germany
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Key Findings

The Fraunhofer Institute for Mechanics of Materials (Fraunhofer IWM) has announced a
significant advancement in the development and manufacturing of porous functional
materials using capillary suspensions. This technology enables the precise creation of
materials with customized porosity and strength via 3D printing.

Technical / Clinical Details

The technology developed by Fraunhofer IWM is based on a unique material preparation
method called 'capillary suspensions.' This allows for extremely precise control over the
porosity and mechanical strength of materials during the manufacturing process.
Specifically, it enables the free design and 3D printing of pore size, distribution,
interconnectivity, as well as overall material gradients and complex geometric shapes.
This fine structural control optimizes mass transport (movement of fluids or gases) for
specific applications, thereby significantly improving chemical reaction efficiency and
energy conversion efficiency. For example, in energy conversion generators such as fuel
cells, catalytic converters, and batteries, optimizing the transport pathways for ions and
molecules can maximize device performance. Fraunhofer IWM provides an integrated
development chain, from the production of capillary suspensions to 3D printing of
porous functional materials, functional verification of energy conversion generators, and
eventual transition to various application fields.

Background & Context

Porous materials, due to their high surface area and internal structural properties, play
indispensable roles in a wide range of fields, including catalysts, filters, sensors, medical
implants, and energy storage/conversion devices. However, conventional manufacturing
methods have faced difficulties in precisely controlling complex internal structures or
introducing gradient structures tailored for specific functions. The evolution of 3D
printing technology offers the potential to overcome these challenges, significantly
enhancing design freedom for materials. Fraunhofer IWM's approach demonstrates the
ability to manufacture high-performance porous materials on demand, paving the way
for tailored material solutions that meet specific industrial needs.



Strategic Significance & Outlook

The development of porous functional materials by Fraunhofer IWM will have a
substantial impact, particularly in the areas of energy efficiency, chemical processes, and
medical applications. Improved efficiency in energy conversion devices will contribute to
the creation of more sustainable energy systems, while enhanced performance in
catalysts and filters will lead to more efficient industrial processes and reduced
environmental impact. The technology is also applicable to the manufacturing of
customized implants and biocompatible devices, promoting advancements in
personalized medicine. This comprehensive development chain is expected to accelerate
the rapid commercialization of research findings, creating new innovations and
opportunities in the high-performance porous materials market.

Source: https://www.iwm.fraunhofer.de/en/research/functional-materials/development-and-manufacture-

of-porous-functional-materials.html
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#46 Eindhoven University Develops Artificial Hand
Controlled by Light-Responsive Liquid Crystal Polymers
with 'Memory,' Mimicking Human Motion

OVERVIEW

Researchers at Eindhoven University of Technology, led by Danqing Liu, have

demonstrated controlling an artificial hand that replicates human-like gestures using

azobenzene-functionalized liquid crystal polymer devices. These devices can have

'memory' written by light and triggered by electrical signals. This smart material
enables more natural human-like movements compared to traditional robotics,

potentially contributing to autonomous soft robotics and self-regulating materials.

Published July 10, 2026  myScience.org  Netherlands



IN DEPTH

Key Findings

Researchers led by Danqing Liu at Eindhoven University of Technology have successfully
endowed light-responsive liquid crystal polymers (LCPs) with 'memory' capabilities,
demonstrating control over an artificial hand that replicates human-like gestures. This
groundbreaking achievement opens new avenues for the development of autonomous
soft robotics and self-regulating materials.

Technical / Clinical Details

The research team developed an LCP device integrated with azobenzene groups, which
are responsive to light. The core of this device lies in the azobenzene groups' ability to
isomerize upon exposure to specific wavelengths of light, propagating structural
changes throughout the polymer network to alter the material's shape. Crucially, this
research demonstrated that this shape change 'memory' could be written into the device
via light exposure, and subsequently, an electrical signal could trigger and reproduce the
stored shape change. This allows the artificial hand to smoothly and precisely mimic
complex human hand movements, such as finger bending or grasping specific objects.
This technology offers a lightweight, flexible, quiet, and energy-efficient operation
compared to conventional motor-driven robots.

Background & Context

Soft robotics is a rapidly expanding field aiming for flexible, adaptive robotic systems
that can safely interact with humans. However, one of its greatest challenges has been
finding suitable materials and mechanisms to generate and control complex motions.
While traditional LCPs are known to change shape in response to light or heat,
integrating 'memory' and electrical triggering capabilities has been difficult. The work by
Danqing Liu's team bridges this gap, showing that smart materials can achieve not just
passive responses but programmable, active movements. This has significant
implications for various sectors, including medical applications, wearable devices, and
human-machine interaction.



Strategic Significance & Outlook

The combination of memory function and electrical triggering in these light-responsive
liquid crystal polymers holds the potential to revolutionize the design of autonomous
soft robots and self-regulating materials. The artificial hand demonstration suggests
applications extending to prosthetics, medical implants, industrial robots requiring
precise manipulation, and even entertainment. In the future, these materials are
expected to form the basis of 'biomimetic' smart devices that seamlessly integrate into
human environments, enabling more natural and intuitive interactions. This technology is
more than just an evolution in functional materials; it is an 'interesting' breakthrough
that could redefine the relationship between humans and machines.

Source: https://www.myscience.org/news/wire/teaching_smart_materials_to_move_like_humans-2026-
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