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This Week in 90 Seconds

EXECUTIVE SUMMARY

Functional Materials: the boundary moved from
isolated claims to qualification evidence

15 English articles were reviewed independently from the Japanese edition. Ten themes are retained for management

decisions.

SIGNAL 01 | COMPOSITION

Mitsui Kinzoku and Kyoto University:
Proton-Conducting MOF Glass Membrane
for 170°C Hydrogen Production

Mitsui Kinzoku and Kyoto University have developed a
proton-conducting MOF glass membrane capable of
producing hydrogen via water electrolysis at 170°C.

SIGNAL 02 | FUNCTIONAL PROPERTY

BNNT Ceramic Fiber: KIST's 99%
Neutron-Shielding Specs

Researchers at the Korea Institute of Science and Technology
(KIST) have developed a flexible ceramic thread based on

boron nitride nanotubes (BNNTSs) that blocks approximately
99 percent of thermal neutrons.

SIGNAL 03 | PROCESSING

Elastocaloric Refrigerants: HKUST's
Low-Cost NiTi Structure Specs

Researchers at the Hong Kong University of Science and
Technology (HKUST) have developed a stacked porous NiTi
refrigerant structure capable of exceeding 100 million cooling
cycles.

SIGNAL 04 | DEVICE INTEGRATION

Graphy SMA: 3D-Printed Aligners' Shape
Recovery and Specs

Graphy's Shape Memory Aligner (SMA) technology
demonstrated a 96% shape recovery rate at 37°C and

superior mechanical stability compared to traditional
materials.

DECISION

Focus this week's management attention on measurable device or process function,
reliability and manufacturable integration. Move only when the linked evidence can be
reproduced under your own operating conditions.

THREE MANAGEMENT MOVES

1. Buyers: prioritize performance that survives integration, aging and system-level trade-offs.

2. Suppliers: connect material property to process control, interface behavior and customer acceptance data.

3. Executives: track repeatability, interface stability, process compatibility, cost and qualification.

EVIDENCE DISCIPLINE

FACT states what the collected English source reports. BUSINESS READ and ACTION are editorial interpretations. UNKNOWN lists

information that the source file does not establish. A linked article is not treated as independent confirmation of every claim.
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Five Evidence Anchors SOURCE-BOUND METRICS

Five numbers or evidence anchors that require conditions

100 .u. SOURCE-BOUND CONDITION
mittl Researchers at the Hong Kong University of Science and Technology (HKUST) have

on

A10

developed a stacked porous NiTi refrigerant structure capable of exceeding 100 million
cooling cycles.

960/ SOURCE-BOUND CONDITION
0 Graphy's Shape Memory Aligner (SMA) technology demonstrated a 96% shape recovery
AOE rate at 37°C and superior mechanical stability compared to traditional materials.

16 SOURCE-BOUND CONDITION
nm Tohoku University and Aisin have developed a 16nm Al SoC that integrates 32MB of on-chip
A09 STT-MRAM to store Al models and OS boot data.

92 50/ SOURCE-BOUND CONDITION
. 0 Researchers at Slovenia's Jozef Stefan Institute achieved a 92.5% recovery rate of rare
14

A earths from used NdFeB magnets using electrochemical recycling and grain preservation.

SOURCE-BOUND CONDITION
99.999% Sl - -
] Researchers at Korea National University of Transportation have developed an ultra-thin
AlLS composite film using nano-sized Kevlar fibers that achieves 99.999% electromagnetic
interference (EMI) shielding.

HOW TO USE THESE NUMBERS
Each value is shown with the condition stated in the collected English article. Do not compare values across

different test methods, device sizes, operating temperatures or commercial stages without normalizing those
conditions.
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Where the Value Chain Moved

Where the value chain moved

VALUE CHAIN / EVIDENCE

Each stage combines one leading theme and one supporting theme. The report treats handoffs as evidence transfers,

not decorative arrows.

Composition

P01/P06

Mitsui Kinzoku and
Kyoto University have
developed a proton-co
nducting MOF glass
membrane capable of
producing hydrogen
via.

Functional
property
P02/PO7

Researchers at the
Korea Institute of
Science and Technolog
y (KIST) have
developed a flexible
ceramic thread based
on boron.

Processing
P03/P08

Researchers at the
Hong Kong University
of Science and
Technology (HKUST)
have developed a
stacked porous NiTi
refrigerant.

Device integr
ation
P04/P09

Graphy's Shape
Memory Aligner (SMA)
technology demonstra
ted a 96% shape
recovery rate at 37°C
and superior
mechanical.

Market adopt
ion

P05/P10

Researchers have
discovered that
specific niobium and
titanium alloys resist
brittle fracture at
temperatures as low
as 20.

EVIDENCE REQUIRED AT EACH HANDOFF

Composition to Functional

property

Functional property to Processing

Processing to Device integration

Device integration to Market

adoption

Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Recheck repeatability, interface stability, process compatibility, cost and qualification.

Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Recheck repeatability, interface stability, process compatibility, cost and qualification.

Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Recheck repeatability, interface stability, process compatibility, cost and qualification.

Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Recheck repeatability, interface stability, process compatibility, cost and qualification.

COMMON CONTROL POINT
No theme moves to a commercial commitment until a named owner has reproduced the

relevant evidence and documented repeatability, interface stability, process
compatibility, cost and qualification.
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Priority Map MATURITY / NEXT DECISION LOCUS

Priority map: maturity and next decision locus

Mitsui Kinzoku and Kyoto University:
Next decision locus (categories) Proton-Conducting MOF Glass
Membrane for 170°C Hydrogen
Production

Tech / process | cue: no
system/business cue

P02 BNNT Ceramic Fiber: KIST's 99%
Neutron-Shielding Specs

Business / rules @ Tech / process | cue: no
system/business cue

Elastocaloric Refrigerants: HKUST's

P03
Low-Cost NiTi Structure Specs
Tech / process | cue: no
system/business cue

P04 Graphy SMA: 3D-Printed Aligners

Shape Recovery and Specs
System / adoption | cue: Clinical

PO5 Niobium-Titanium Alloys: Cryogenic
System / adoption @ @ @ Ductility at 20 Kelvin
Tech / process | cue: no
system/business cue

Ti-Doped CrN Thin Films: 250-Fold
Power Factor Boost in 2026
System / adoption | cue: integrated

STT-MRAM Al SoC: 16nm Chip with
65.7ms Boot and 1/50 Energy Use
System / adoption | cue: integrates

POT7

@ NdFeB Magnet Recycling: Jozef

P08 >
Tech / process @ @ @ Stefan Institute's 92.5% Recovery
Tech / process | cue: no
@ system/business cue
Kevlar-based Composite Film:
Thermal and EMI Shielding Specs

Tech / process | cue: no
system/business cue

Research Prototype  Jointeval. Adoption Scale
LCE@CNT/CB Fiber Actuators:

Light-Driven Self-Sensing Specs
Business / rules | cue: contraction

Deployment maturity — P10

REPRODUCIBLE POSITIONING RULE
Horizontal position uses five discrete stages: Research, Prototype, Joint evaluation, Product adoption and Scale. The vertical

bands classify the next decision locus: Tech / process, System / adoption, or Business / rules (including supply systems).
Article-title cues take precedence; the overview is used only when the title is silent. These are categories, not impact ranks. Bubble
diameter reflects the editorial score.
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Priority Themes 01-02

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

POL )
for 170°C Hydrogen Production

A13 | Composition | Product adoption

FACT
Mitsui Kinzoku and Kyoto University have developed a

proton-conducting MOF glass membrane capable of
producing hydrogen via water electrolysis at 170°C. This
material enables the utilization of industrial waste heat and
steam in the 150-250°C range, a temperature bracket
previously lacking suitable electrolytes.

WHY IT MATTERS

The decision relevance is measurable device or process
function, reliability and manufacturable integration. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

Mitsui Kinzoku and Kyoto University: Proton-Conducting MOF Glass Membrane

2026-11-05

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, connect material property to
process control, interface behavior and customer
acceptance data.

ACTION
Within 30 days, prioritize performance that survives

integration, aging and system-level trade-offs; record the
evidence and owner against PO1.

UNKNOWN

Still unproven or incompletely stated: repeatability,
interface stability, process compatibility, cost and
qualification.

EDITORIAL SCORE 20/25 | MATURITY 4/5 | DECISION LOCUS: TECH / PROCESS

Al1 | Functional property | Pilot

FACT
Researchers at the Korea Institute of Science and

Technology (KIST) have developed a flexible ceramic thread
based on boron nitride nanotubes (BNNTSs) that blocks
approximately 99 percent of thermal neutrons. The material
combines high tensile strength and heat resistance with the
flexibility to be knotted, providing a lightweight alternative
for radiation shielding in spacesuits and nuclear facilities.
WHY IT MATTERS

The decision relevance is measurable device or process
function, reliability and manufacturable integration. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

P02 BNNT Ceramic Fiber: KIST's 99% Neutron-Shielding Specs

2026-11-03

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, connect material property to
process control, interface behavior and customer
acceptance data.

ACTION

Within 30 days, prioritize performance that survives
integration, aging and system-level trade-offs; record the
evidence and owner against P02.

UNKNOWN

Still unproven or incompletely stated: repeatability,
interface stability, process compatibility, cost and
qualification.

EDITORIAL SCORE 20/25 | MATURITY 2/5 | DECISION LOCUS: TECH / PROCESS
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Priority Themes 03-04

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

A10 | Processing | Pilot

FACT
Researchers at the Hong Kong University of Science and

Technology (HKUST) have developed a stacked porous NiTi
refrigerant structure capable of exceeding 100 million
cooling cycles. By utilizing a "Stamping and Stacking"
method, the team reduced manufacturing costs by 95%
compared to existing methods, enabling a potential service
life of over 10 years.

WHY IT MATTERS
The decision relevance is measurable device or process

function, reliability and manufacturable integration. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

“ Elastocaloric Refrigerants: HKUST's Low-Cost NiTi Structure Specs

2026-11-06

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, connect material property to
process control, interface behavior and customer
acceptance data.

ACTION

Within 30 days, prioritize performance that survives
integration, aging and system-level trade-offs; record the
evidence and owner against P03.

UNKNOWN

Still unproven or incompletely stated: repeatability,
interface stability, process compatibility, cost and
qualification.

EDITORIAL SCORE 20/25 | MATURITY 2/5 | DECISION LOCUS: TECH / PROCESS

A06 | Device integration | Research

FACT
Graphy's Shape Memory Aligner (SMA) technology

demonstrated a 96% shape recovery rate at 37°C and
superior mechanical stability compared to traditional
materials. Clinical data showed an 86.6% improvement in
PAR scores, validating the potential of direct 3D printing to
replace thermoforming in orthodontics.

WHY IT MATTERS

The decision relevance is measurable device or process
function, reliability and manufacturable integration. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

Graphy SMA: 3D-Printed Aligners' Shape Recovery and Specs

2026-11-04

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, connect material property to
process control, interface behavior and customer
acceptance data.

ACTION

Within 30 days, prioritize performance that survives
integration, aging and system-level trade-offs; record the
evidence and owner against P04.

UNKNOWN

Still unproven or incompletely stated: repeatability,
interface stability, process compatibility, cost and
qualification.

EDITORIAL SCORE 20/25 | MATURITY 1/5 | DECISION LOCUS: SYSTEM / ADOPTION
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Priority Themes 05-06

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

A04 | Market adoption | Pilot

FACT
Researchers have discovered that specific niobium and

titanium alloys resist brittle fracture at temperatures as low
as 20 kelvin (-253°C). This discovery reveals a microscopic
mechanism involving nanoscale twinning and phase
transformation that allows metals to remain ductile in
extreme cold. The findings provide a new design pathway
for structural materials used in aerospace, transportation,
and energy systems.

WHY IT MATTERS

The decision relevance is measurable device or process
function, reliability and manufacturable integration. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

P05 Niobium-Titanium Alloys: Cryogenic Ductility at 20 Kelvin

2026-10-31

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, connect material property to
process control, interface behavior and customer
acceptance data.

ACTION

Within 30 days, prioritize performance that survives
integration, aging and system-level trade-offs; record the
evidence and owner against P05.

UNKNOWN

Still unproven or incompletely stated: repeatability,
interface stability, process compatibility, cost and
qualification.

EDITORIAL SCORE 20/25 | MATURITY 2/5 | DECISION LOCUS: TECH / PROCESS

A05 | Composition | Pilot

FACT
Researchers at Tohoku University have increased the

room-temperature power factor of chromium nitride (CrN)
thin films by approximately 250-fold by adding titanium (Ti).
This improvement was achieved via room-temperature
sputtering, enabling high-performance thermoelectric
materials to be integrated into heat-sensitive electronic
devices.

WHY IT MATTERS
The decision relevance is measurable device or process

function, reliability and manufacturable integration. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

m Ti-Doped CrN Thin Films: 250-Fold Power Factor Boost in 2026

2026-11-01

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, connect material property to
process control, interface behavior and customer
acceptance data.

ACTION

Within 30 days, prioritize performance that survives
integration, aging and system-level trade-offs; record the
evidence and owner against P06.

UNKNOWN

Still unproven or incompletely stated: repeatability,
interface stability, process compatibility, cost and
qualification.

EDITORIAL SCORE 20/25 | MATURITY 2/5 | DECISION LOCUS: SYSTEM / ADOPTION
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Priority Themes 07-08

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

A09 | Functional property | Joint evaluation

FACT
Tohoku University and Aisin have developed a 16nm Al SoC

that integrates 32MB of on-chip STT-MRAM to store Al
models and OS boot data. This architecture reduces
inference energy consumption to 1/50th of conventional
levels and enables an OS boot time of 65.7 milliseconds. The
technology is targeted at edge Al systems for automotive,
robotics, and industrial equipment.

WHY IT MATTERS

The decision relevance is measurable device or process
function, reliability and manufacturable integration. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

STT-MRAM Al SoC: 16nm Chip with 65.7ms Boot and 1/50 Energy Use

2026-11-05

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, connect material property to
process control, interface behavior and customer
acceptance data.

ACTION

Within 30 days, prioritize performance that survives
integration, aging and system-level trade-offs; record the
evidence and owner against P07.

UNKNOWN

Still unproven or incompletely stated: repeatability,
interface stability, process compatibility, cost and
qualification.

EDITORIAL SCORE 19/25 | MATURITY 3/5 | DECISION LOCUS: SYSTEM / ADOPTION

P08
Al4 | Processing | Pilot

FACT
Researchers at Slovenia's Jozef Stefan Institute achieved a

92.5% recovery rate of rare earths from used NdFeB
magnets using electrochemical recycling and grain
preservation. The process demonstrates
higher-performance recycling through liquid-phase
sintering, potentially reducing European dependence on
imported rare earth oxides.

WHY IT MATTERS
The decision relevance is measurable device or process

function, reliability and manufacturable integration. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

NdFeB Magnet Recycling: Jozef Stefan Institute's 92.5% Recovery

2026-11-01

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, connect material property to
process control, interface behavior and customer
acceptance data.

ACTION

Within 30 days, prioritize performance that survives
integration, aging and system-level trade-offs; record the
evidence and owner against P08.

UNKNOWN

Still unproven or incompletely stated: repeatability,
interface stability, process compatibility, cost and
qualification.

EDITORIAL SCORE 19/25 | MATURITY 2/5 | DECISION LOCUS: TECH / PROCESS
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Priority Themes 09-10

FACT / READ / ACTION / UNKNOWN

FACT is source-bound. BUSINESS READ, ACTION and UNKNOWN are explicit editorial layers.

A15 | Device integration | Pilot

FACT
Researchers at Korea National University of Transportation

have developed an ultra-thin composite film using
nano-sized Kevlar fibers that achieves 99.999%
electromagnetic interference (EMI) shielding. By optimizing
the fiber alignment process, the team improved thermal
transfer performance by more than twofold and maintained
95% performance after 10,000 bending cycles.

WHY IT MATTERS

The decision relevance is measurable device or process
function, reliability and manufacturable integration. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

m Kevlar-based Composite Film: Thermal and EMI Shielding Specs

EDITORIAL SCORE 19/25 | MATURITY 2/5 | DECISION LOCUS: TECH / PROCESS

2026-11-03

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, connect material property to
process control, interface behavior and customer
acceptance data.

ACTION

Within 30 days, prioritize performance that survives
integration, aging and system-level trade-offs; record the
evidence and owner against P09.

UNKNOWN
Still unproven or incompletely stated: repeatability,

interface stability, process compatibility, cost and
qualification.

AO07 | Market adoption | Product adoption

FACT
Researchers have developed a waveguided sheath-core

fiber actuator combining a liquid crystal elastomer (LCE)
core with a carbon nanotube/carbon black (CNT/CB)
conductive sheath. The system achieves up to 38%
reversible contraction and lifts loads exceeding 320 times its
own weight, integrating remote light-driven actuation with
real-time electrical self-sensing.

WHY IT MATTERS
The decision relevance is measurable device or process

function, reliability and manufacturable integration. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

P10 LCE@CNT/CB Fiber Actuators: Light-Driven Self-Sensing Specs

EDITORIAL SCORE 19/25 | MATURITY 4/5 | DECISION LOCUS: BUSINESS / RULES

2026-11-01

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, connect material property to
process control, interface behavior and customer
acceptance data.

ACTION
Within 30 days, prioritize performance that survives

integration, aging and system-level trade-offs; record the
evidence and owner against P10.

UNKNOWN

Still unproven or incompletely stated: repeatability,
interface stability, process compatibility, cost and
qualification.
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OWNERS / GATES / DELIVERABLES

Playbook and Roadmap

Playbook and 0-5 year roadmap

STAKEHOLDER NOW | 0-30 DAYS NEXT | 1-12 MONTHS LATER | 1-5 YEARS

Build a portfolio and
architecture that can

Operating companies prioritize performance Run production-like

that survives integration, qualification with explicit

aging and system-level acceptance and stop absorb technology and

trade-offs criteria. supplier changes.

Materials, equipment and connect material property Create shared reliability, Standardize interfaces,

technology suppliers to process control, process-window and traceability, lifecycle

interface behavior and failure-analysis data with support and recovery

customer acceptance data customers. services.

Trading, investment and Map repeatability, Contract for capacity, Diversify regional,

legal teams interface stability, process quality, change notice, technical and customer

compatibility, cost and liability, alternatives and concentration risk.

qualification. exit.

ROADMAP

NOW | 0-30 DAYS
Evidence ledger

NOW | 0-30 DAYS
Risk screen

NEXT \ 1-12 MONTHS
Joint qualification

Owner: Strategy + quality
Deliverable: claim, source, condition,

owner

Owner: Procurement + legal
Deliverable: unknowns, alternatives,

stop

Owner: R&D + supplier
Deliverable: process window and

failure data

NEXT | 1-12 MONTHS
Commercial gate

Owner: Business + finance
Deliverable: unit economics and

capacity

LATER | 1-5 YEARS

Platform strategy
Owner: Executive team
Deliverable: portfolio and interface

roadmap

LATER | 1-5 YEARS
Service layer

Owner: Operations + channel
Deliverable: monitoring, maintenance

and recovery

GO /NO-GO GATES

No traceable evidence

G1 Evidence Quality Source, test conditions and reproducibility

G2 Integration R&D Interface, process window and failure analysis Cannot meet system

conditions

G3 Commercial Business Capacity, total cost, contract and alternatives Economics or supply cannot
be supported
G4 Lifecycle Operations Monitoring, maintenance, change notice and exit No accountable operating

plan
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Analyzed Articles 1/1

ANALYZED ARTICLES | ITEMS 01-15

Every title and URL is displayed in full. URLs wrap without shortening and remain clickable. A verified-reference label means the

translated HTML did not retain its original source URL.

“ FULL ARTICLE TITLE FULL SOURCE / VERIFIED REFERENCE URL - CLICKABLE

A01

A02

A03

A04

A05

A06

A07

A08

A09

A10

All

Al2

Al3

Al4

Al5

Adapt-ring networks: Bio-inspired polymer self-strengthening
Organic Spin-Field Device: Room-Temperature Spin Logic
Control

ReS2 Metasurfaces: Topological Control of Polaritonic
Flatbands

Niobium-Titanium Alloys: Cryogenic Ductility at 20 Kelvin

Ti-Doped CrN Thin Films: 250-Fold Power Factor Boost in 2026

Graphy SMA: 3D-Printed Aligners' Shape Recovery and Specs

LCE@CNT/CB Fiber Actuators: Light-Driven Self-Sensing Specs

Supramolecular Plastics: lonic Association Modes and
Recyclability

STT-MRAM Al SoC: 16nm Chip with 65.7ms Boot and 1/50
Energy Use

Elastocaloric Refrigerants: HKUST's Low-Cost NiTi Structure
Specs

BNNT Ceramic Fiber: KIST's 99% Neutron-Shielding Specs
MXenes: Machine Learning Discovery of Rare Earth 2D
Materials

Mitsui Kinzoku and Kyoto University: Proton-Conducting MOF
Glass Membrane for 170°C Hydrogen Production

NdFeB Magnet Recycling: Jozef Stefan Institute's 92.5%
Recovery

Kevlar-based Composite Film: Thermal and EMI Shielding
Specs
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#01 Adapt-ring networks: Bio-inspired polymer self-
strengthening

Published November 05, 2026 Nature Materials

| OVERVIEW

Adapt-ring networks (ARNs) enable synthetic polymer materials to autonomously
remodel and strengthen under mechanical stress, mimicking natural biological

reinforcement. Mechanical training can increase Young’s modulus, tensile strength,

fracture energy, and fatigue threshold by up to an order of magnitude.



| IN DEPTH

Key Findings

Adapt-ring networks (ARNSs) establish a general design principle for adaptive polymer
materials capable of autonomous remodeling and self-strengthening. Through
mechanical training, these networks can enhance their Young’s modulus, tensile
strength, fracture energy, and fatigue threshold by up to an order of magnitude. This

process is fully reversible via solvent-induced crystalline-domain reformation.

Technical Details

ARNSs are constructed by coupling a covalent polyethylene glycol network with
reconfigurable a-cyclodextrin crystalline domains. The system operates through several

strain-directed mechanisms:

o Structural Reorganization: Mechanical stress triggers the fragmentation,

translocation, and alignment of crystalline domains.

« Memory Encoding: These processes create kinetically trapped architectures that

encode the local mechanical history of the material.

e Customization: The materials support 3D printability and spatially resolved
adaptation, allowing for the creation of customized architectures and gradient

materials.

Furthermore, the development of dangling-chain ARNs—created by incorporating
polyethylene glycol side chains—allows for strain-controlled out-of-equilibrium growth.
This is achieved through the threading and crystallization of external a-cyclodextrins,
resulting in spatially self-organized, strain-dependent reinforcement and non-local,

environment-fed stiffening.

Background & Context

Traditional synthetic polymer networks typically lack the ability to autonomously remodel
in response to mechanical stress, a capability that is common in natural materials. The
development of ARNs addresses this gap by introducing a non-equilibrium approach to

soft materials.



Significance & Outlook

The ability of ARNs to adapt, remember, regrow, and readapt provides a bio-inspired
framework for the next generation of non-equilibrium soft materials. By mimicking
biological reinforcement, these hydrogels offer a path toward synthetic materials that can
autonomously respond to their environment and mechanical history to optimize their own

structural integrity.

Source: https://www.nature.com/articles/s41563-026-02795-0
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#02 Organic Spin-Field Device: Room-Temperature
Spin Logic Control

Published October 29, 2026 Nature Electronics

| OVERVIEW

Researchers have developed a vertical organic spin-field device that enables
electrical control of spin transport at room temperature. The device achieves spin
polarization control across the full 0-100% range, providing a programmable platform

for molecular spin-logic gates and arithmetic circuits.



| IN DEPTH

Key Findings

The study introduces a vertical organic spin-field device capable of fast and robust
electrical modulation of spin-polarized currents at room temperature. A primary
achievement of this architecture is the ability to control spin polarization across the entire

range from 0 to 100%.

Technical Details

The device is constructed using an interface between an organic semiconductor and a
nanoporous ferromagnet. This specific interface allows for the interaction between the
electric-field effect and spin transport. By integrating spin transport and field-effect
functionalities into a single vertical architecture, the device enables precise electrical
control over the information carrier without compromising spin coherence at room

temperature.

Background & Context

Electron spin is viewed as a viable information carrier for scalable, low-power computing
technologies. However, the practical implementation of spin-based logic has historically
been hindered by the difficulty of achieving electrical control over spin transport while
maintaining coherence at room temperature. This research addresses these
requirements by utilizing the organic semiconductor/nanoporous ferromagnet interface to

bridge the gap between field-effect control and spin transport.

Significance & Outlook

The integration of these functionalities allows for the creation of a programmable
molecular spin-logic platform. The researchers have successfully implemented spin-logic
gates and integrated arithmetic logic circuits using this device. This development
provides a pathway toward energy-efficient computing architectures that move beyond

traditional CMOS limitations by utilizing spin and polarization for logic operations.

Source: https://www.nature.com/articles/s41928-026-01727-9


https://www.nature.com/articles/s41928-026-01727-9
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#03 ReS2 Metasurfaces: Topological Control of
Polaritonic Flatbands

Published October 29, 2026 Nature Materials

| OVERVIEW

Researchers have demonstrated the creation of directional far-field flatbands by
structuring anisotropic rhenium disulfide (ReS2) into a resonant metasurface. This
approach splits integer topological charges into half-integer polarization singularities,
enabling the formation of directionally polarized exciton-polaritons. The result
provides a scalable route for low-threshold polariton devices and polarization-

resolved quantum emitters.



| IN DEPTH

Key Findings

The study demonstrates that structuring bulk ReS2 into a C4-symmetric resonant
metasurface reshapes its photonic band topology. This process splits the integer
topological charge of quasi-bound states in the continuum (gBICs) into two half-integer
polarization singularities, driving the formation of directional far-field flatbands. When
tuned to resonance with the linearly polarized excitonic transitions of ReS2, these

flatband states hybridize into distinct directionally polarized exciton-polaritons.

Technical Details

The system leverages the strong in-plane anisotropy of ReS2, which possesses a
distorted triclinic 1T" structure. Unlike MoS2 or WS2, ReS2 exhibits multiple linearly
polarized excitonic resonances with axis-aligned transition dipoles that remain nearly
independent of layer thickness. The metasurface consists of subwavelength resonator
arrays that support qBICs—symmetry-protected states that are radiatively accessible

due to controlled symmetry perturbations.

From a topological perspective, the researchers manipulated momentum-space
singularities. While true BICs coincide with V points (where the far-field polarization
vector winds around a singularity), reducing the rotational symmetry of the metasurface
splits these singularities into multiple points, such as circularly polarized C points or half-
integer Dirac points, while conserving the total topological charge. This allows for the
engineering of flatbands—states with vanishing group velocity and quenched kinetic

energy—without requiring the ultrasubwavelength reststrahlenband regime.

Background and Context

Anisotropic van der Waals materials are valued for their direction-dependent optical and
electronic properties. In nanophotonics, this anisotropy allows for the tailoring of light-
matter interactions. By fabricating the metasurface directly from the excitonic material,
the photonic and excitonic components are co-localized. This self-hybridized strong

coupling can routinely yield Rabi splittings exceeding 100 meV at room temperature.



Significance and Outlook

The ability to control polaritonic flatbands through topological transformations suggests

several applications for scalable photonic integration, including:

¢ Polarization-resolved quantum emitters.
¢ Flatband-enhanced nonlinear optics.

¢ Low-threshold polariton devices.

Source: https://doi.org/10.1038/s41563-026-02776-3
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#04 Niobium-Titanium Alloys: Cryogenic Ductility at 20
Kelvin

Published October 31, 2026  ScienceDaily (University of Oxford) USA

| OVERVIEW

Researchers have discovered that specific niobium and titanium alloys resist brittle
fracture at temperatures as low as 20 kelvin (-253°C). This discovery reveals a
microscopic mechanism involving nanoscale twinning and phase transformation that
allows metals to remain ductile in extreme cold. The findings provide a new design
pathway for structural materials used in aerospace, transportation, and energy

systems.



| IN DEPTH

Key Findings

An international research team from the University of California, Berkeley, Lawrence
Berkeley National Laboratory, and the University of Oxford has identified two
experimental metal alloys that defy the typical ductile-to-brittle transition at extreme
temperatures. While most body-centered cubic (BCC) metals become dangerously brittle
at temperatures approaching absolute zero, these niobium and titanium alloys remained
resistant to damage at 20 kelvin (-253°C / -424°F).

Technical Details

The study, published October 14 in Nature, explains that the alloys utilize a hidden
microscopic process to prevent cracking. In standard BCC metals, deformation occurs
via the movement of dislocations—tiny defects in the crystal structure. At extreme cold,

these dislocations become difficult to move, leading to fracture.
The studied alloys instead activate a combination of:

* Nanoscale 'twinning': Tiny sections of the crystal structure rearrange into mirror-

image patterns.

» Phase transformation: A localized change in the crystal structure occurs alongside

twinning.

These processes create concentrated areas of stress at crystal boundaries, which in turn
generate new dislocations. This allows the material to deform and absorb stress through

alternative pathways rather than failing abruptly.

Background and Context

BCC metals, including iron, tungsten, and chromium, are traditionally vulnerable to brittle
failure in cryogenic environments. To test the new alloys, researchers used the Engin-X
instrument at the ISIS Neutron and Muon Source in Oxfordshire, cooling samples to
-253°C using gaseous helium and applying tension via a specialized testing machine

while directing a neutron beam through the materials.



Significance and Outlook

This discovery shifts the scientific understanding of brittleness from a focus on the
movement of existing defects to the importance of generating new defects at interfaces.
Professor Dong Liu and Dr. David Cook note that these insights enable the design of
structural BCC metals capable of operating in extreme cryogenic environments, which is
critical for components in aerospace and energy systems experiencing severe thermal

fluctuations.

Source: https://www.sciencedaily.com/releases/2026/10/261029072127 .htm

Collected: November 07, 2026 | Automated Research System (Al)


https://www.sciencedaily.com/releases/2026/10/261029072127.htm

#05 Ti-Doped CrN Thin Films: 250-Fold Power Factor
Boost in 2026

Published November 01, 2026  XenoSpectrum Japan

| oveERVIEW

Researchers at Tohoku University have increased the room-temperature power factor
of chromium nitride (CrN) thin films by approximately 250-fold by adding titanium (Ti).
This improvement was achieved via room-temperature sputtering, enabling high-
performance thermoelectric materials to be integrated into heat-sensitive electronic

devices.



| IN DEPTH

Key Findings

A research team at Tohoku University, including Junya Kurahashi, Assistant Professor
Yat Sou, and Professor Yuji Sutou, has demonstrated a 250-fold increase in the room-
temperature power factor (PF) of chromium nitride (CrN) thin films compared to undoped
films. This result was achieved by doping CrN with small amounts of titanium (Ti) and

was published in the Journal of Materials Chemistry A on October 12, 2026.

Technical Details

The team utilized reactive co-sputtering in a radio-frequency magnetron sputtering
system to produce the films without heating the substrate. The process used thermally
oxidized silicon (SiO,/Si) and alkali-free glass substrates. Technical specifications for the

deposition included:

Base pressure: 5.0 x 10° Pa or lower

Operating pressure: 0.14 Pa

Gas flow rates: 5 sccm for argon (Ar) and 2 sccm for nitrogen (N,)

Targets: High-purity metallic chromium (Cr) and titanium (Ti)

The study focused on suppressing "nitrogen vacancies"—defects where nitrogen atoms
are missing from the crystal—which typically act as scattering sources that impede

electron movement in room-temperature CrN films.

Background & Context

Thermoelectric conversion relies on the Seebeck effect to convert temperature
differences into electricity. However, materials often face a trade-off between the
Seebeck coefficient (S) and electrical conductivity (o). The power factor is defined as PF
= S%0. While PF measures electrical performance, the overall conversion efficiency is
determined by the dimensionless figure of merit zT, which also accounts for thermal

conductivity (k) and absolute temperature (T).



Significance & Outlook

Traditional high-performance thermoelectric materials often require high-temperature
sintering or crystallization, making them incompatible with flexible substrates or fine
electronic circuits. By achieving a significant PF increase through room-temperature
processing, this method facilitates the integration of thin-film power generation into heat-

sensitive loT sensors and other electronic devices to recover unused waste heat.

Source: https://xenospectrum.com/en/titanium-doped-chromium-nitride-thin-film-thermoelectrics/
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#06 Graphy SMA: 3D-Printed Aligners' Shape Recovery

and Specs

Published November 04, 2026 t2|2F (Dental Arirang)  South Korea

| oveERVIEW

Graphy's Shape Memory Aligner (SMA) technology demonstrated a 96% shape
recovery rate at 37°C and superior mechanical stability compared to traditional
materials. Clinical data showed an 86.6% improvement in PAR scores, validating the

potential of direct 3D printing to replace thermoforming in orthodontics.



| IN DEPTH

Key Findings

Research published in the journal Bioengineering highlights the technical advantages of
Graphy's direct 3D-printed shape memory aligners. The study indicates that the TC-85
material achieves a shape recovery rate of approximately 96% after 60 minutes in a
37°C environment, simulating human body temperature. In contrast, PETG, a
conventional thermoplastic material, showed no shape recovery characteristics under

the same conditions.

Technical Details

The narrative review, titled "Direct 3D-Printed Clear Aligners: Materials, Biomechanics,
and Clinical Application," analyzed the material properties and biomechanical
performance of Tera Harz TC-85 and TA-28. Mechanical stability tests revealed that after
50 cycles of repeated loading, the deformation resistance reduction rate for TC-85 was
0.4%. This is significantly lower than the reduction rates observed in CA Pro (26.3%) and

Invisalign materials (42.1%).

Clinical efficacy was evaluated through a retrospective study of 54 patients. The results
showed that the Peer Assessment Rating (PAR) score, a metric for malocclusion,
improved from an average of 17.01 points to 2.25 points, representing an improvement
rate of 86.6%.

Background & Context

The research was conducted by a team including Soo Jin Kim, Tanveer Ahmed Khan,
and Mohamed Bayome. The findings were published on October 22 in a Special Issue
titled "Advanced 3D-Printed Biomaterials in dentistry." The study compares direct 3D
printing against traditional thermoforming methods, focusing on how shape memory

materials can optimize the orthodontic process.



Significance & Outlook

The integration of shape memory materials with direct 3D printing allows for precise
design of aligner thickness and structure while eliminating the need for physical tooth
models required in thermoforming. While the current data supports clinical viability, the
researchers noted that further studies are required to determine long-term clinical effects
and superiority over existing methods. Graphy intends to use these scientific foundations
to expand its global distribution networks and strengthen its position in the digital

orthodontic market.

Source: https://www.dentalarirang.com/news/articleView.html?idxno=49263
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#07 LCE@CNT/CB Fiber Actuators: Light-Driven Self-
Sensing Specs

Published November 01, 2026 Bil#E (9 FRFHEIE)  China

| OVERVIEW

Researchers have developed a waveguided sheath-core fiber actuator combining a
liquid crystal elastomer (LCE) core with a carbon nanotube/carbon black (CNT/CB)
conductive sheath. The system achieves up to 38% reversible contraction and lifts

loads exceeding 320 times its own weight, integrating remote light-driven actuation

with real-time electrical self-sensing.



| IN DEPTH

Key Findings

The LCE@CNT/CB fiber actuator enables high-stroke reversible contraction of up to
38% when driven by 808 nm near-infrared (NIR) light. The conductive sheath serves a
dual purpose: it converts guided light into heat to drive the LCE core and acts as a strain
sensor via piezoresistive response. This integration allows the fiber to lift loads over 320

times its own weight and maintain stable performance over 40 cycles.

Technical Details

The device is manufactured by injecting LCE precursor into a PTFE hollow tube,
followed by mechanical pre-stretching and UV polymerization to create a uniaxial
nematic structure. A conductive sheath consisting of single-walled CNTs and carbon
black (1:1 ratio, 5 wt% each in ethanol) is then coated on the surface, resulting in a layer

approximately 18 um thick.

¢ Actuation Mechanism: 808 nm NIR light is coupled into the fiber end. The CNT/CB
sheath converts this light to heat, triggering a nematic-to-isotropic phase transition in
the LCE core.

 Thermal Management: The sheath acts as a thermal conduit, reducing heat
localization. Under 1 W laser power, the LCE@CNT/CB fiber reaches a surface

temperature of 89°C, significantly exceeding the 72°C transition temperature.

» Self-Sensing: Resistance changes are primarily driven by the reconfiguration of the
CNT/CB network during deformation rather than temperature fluctuations. The
system can distinguish between different object sizes (M3, M5, and M8 nuts) based

on the magnitude of relative resistance change (-AR/RO).



Applications and Significance

The fibers were integrated into a biomimetic soft gripper and a cable-driven continuum
robotic arm. These systems demonstrated the ability to navigate curved pipes and
perform programmable gripping and recovery in constrained environments. By bundling
three fibers, the researchers achieved a programmable bending module capable of 360°
omnidirectional steering with bending angles exceeding 24° under dual-fiber actuation.
This platform provides a compact, scalable solution for soft robotics, minimally invasive

devices, and adaptive textiles.

Source: https://news.qqg.com/rain/a/20261101A06RX0O00
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#08 Supramolecular Plastics: lonic Association Modes
and Recyclability

Published November 05, 2026 BEf#E (29 FRZRNE China

| oveERVIEW

Researchers from the University of Science and Technology of China have developed
high-strength, recyclable supramolecular plastics by manipulating ionic association
modes. The materials achieve tensile strengths up to 96.56+4.73 MPa and enable
closed-loop chemical recycling via rehydration and dilution in mild aqueous

conditions.



| IN DEPTH

Key Findings

The study establishes a direct correlation between ionic association modes, network
organization, and macroscopic mechanical properties. Specifically, "fork-like bridging"
creates a more compact and entangled network compared to "ribbon-like" single-point
pairing, resulting in significantly higher strength and modulus. The materials exhibit high
transparency (92-93% light transmittance), humidity-responsive sensing capabilities,

and the ability to be processed and reshaped in mild aqueous phases.

Technical Details

The researchers designed two primary ionic association units using
poly(diallyldimethylammonium chloride) (PDAD) combined with carboxylate, sulfonate,
or phosphonate anion components. These were processed via liquid-liquid phase

separation to create wet precursors, followed by controlled drying.

* Association Modes: IA-1 and IA-2 utilize 1:1 single-point pairing (ribbon-like), while
IA-3 utilizes 2:1 bridging (fork-like).

e Mechanical Performance: IA-1 and IA-2 showed tensile strengths of 64.20+4.78
MPa and 60.39+2.30 MPa, respectively. IA-3 reached a tensile strength of
96.56+4.73 MPa.

o Adhesion: IA-3 demonstrated a lap shear strength of 31.6+3.9 MPa on ceramics,

capable of supporting a 60 kg volunteer with a 2.5 cm? adhesion area.

¢ Molecular Structure: Molecular dynamics simulations showed that IA-3 maintains
lower radius of gyration and inter-chain distances, with PDAD chains wrapping
around PVPS chains.

Background and Context

The research utilized NMR spectroscopy to confirm association ratios and in-situ
variable-temperature FTIR to track structural evolution and dehydration between 30-200
°C. Thermal degradation was monitored up to 800 °C using 3D TG-IR. Biocompatibility

was evaluated through CCK-8 and hemolysis experiments.



Significance and Outlook

By utilizing reversible ionic associations, these plastics avoid irreversible chain
degradation during recycling. The framework was extended to natural polymers like
sodium hyaluronate, demonstrating a closed-loop system of physical reshaping and
chemical recovery. This approach provides a molecular design framework for

sustainable plastics that integrate high mechanical robustness with functional versatility.

Source: https://news.qqg.com/rain/a/20261105A02XH500
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#09 STT-MRAM Al SoC: 16nm Chip with 65.7ms Boot
and 1/50 Energy Use

Published November 05, 2026 EE Times Japan Japan

| OVERVIEW

Tohoku University and Aisin have developed a 16nm Al SoC that integrates 32MB of
on-chip STT-MRAM to store Al models and OS boot data. This architecture reduces
inference energy consumption to 1/50th of conventional levels and enables an OS
boot time of 65.7 milliseconds. The technology is targeted at edge Al systems for

automotive, robotics, and industrial equipment.



| IN DEPTH

Key Findings

The developed Al SoC achieves a significant reduction in power consumption and boot
latency by eliminating the need to transfer large volumes of data from external SSDs or
DRAM upon power-up. System-level verification shows that a single frame inference
using Tiny YOLOv3 requires 50.7mJ, which is 1/50th the energy of conventional
methods. Additionally, the time from power-on to OS boot was reduced to 65.7

milliseconds, representing a 38.59-fold increase in speed.

Technical Details

The chip is fabricated using TSMC's 16nm FinFET process and integrates the following

components on a single die:

CPU: Dual-core Arm Cortex-A53

GPU: Arm Mali-G31

Al Accelerator: Tiny YOLOv3

Non-volatile Memory: 32MB STT-MRAM

To optimize memory usage, the team implemented a hybrid multiplication architecture
combining 8-bit and 16-bit precision and a weight-sharing technique. These innovations
reduced the Al model weight data to 9.36MB, a 53% reduction compared to previous
versions, while maintaining a mAP (mean Average Precision) of 0.316 (compared to
0.325). The weight-sharing technique further reduces data movement and local

bandwidth by reusing weights within 4x4 tiles over multiple clock cycles.

Background and Context

Current edge Al systems face bottlenecks due to the increasing size of Al models, which
necessitates massive data transfers between the processor and external memory. This
leads to signal delays and increased power consumption. By integrating STT-MRAM
directly on-chip, the research team—Iled by Professor Tetsuro Endo of the International
Center for Integrated Electronics (CIES) at Tohoku University—allows the system to read

weights directly from the non-volatile memory.



Significance and Outlook

The integration of CMOS and spintronics allows the SoC to perform Al processing in
58.5 milliseconds, compared to the previous 594.6 milliseconds, marking a 10-fold
speed improvement. This capability enables high-speed object detection via Tiny
YOLOv3 within limited memory constraints, providing a scalable solution for low-power,

fast-booting edge Al applications in industrial and automotive sectors.

Source: https://eetimes.itmedia.co.jp/ee/articles/2611/05/news036.html
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#10 Elastocaloric Refrigerants: HKUST's Low-Cost
NiTi Structure Specs

Published November 06, 2026 Mirage News (FEEREAKFHEK)  China

| OVERVIEW

Researchers at the Hong Kong University of Science and Technology (HKUST) have
developed a stacked porous NiTi refrigerant structure capable of exceeding 100
million cooling cycles. By utilizing a "Stamping and Stacking" method, the team
reduced manufacturing costs by 95% compared to existing methods, enabling a

potential service life of over 10 years.



| IN DEPTH

Key Findings

The HKUST research team has manufactured a low-cost, ultra-durable elastocaloric
refrigerant structure that operates for more than 100 million cooling cycles. A prototype
utilizing a 30-mme-long unit containing 200 stacked SMA chips achieved a maximum
temperature span of 11.7 K and a specific cooling power of 3.85 W g™. This architecture

is estimated to provide a service life of over 10 years under tested conditions.

Technical Details

The team implemented a "Stamping and Stacking" method inspired by honeycomb and
bamboo architectures. Commercial shape memory alloy (SMA) thin sheets are stamped
into porous chips and then stacked to form a tubular structure. This approach offers

three primary technical advantages:

¢ Production Efficiency: The stamping process produces 100 SMA chips per minute,
which is over 100 times faster and 95% less expensive than wire-cut electrical
discharge machining (WEDM).

o Structural Reliability: Because the structure is assembled from individual chips
rather than a single tube, the interfaces between chips arrest crack propagation and

prevent longitudinal splitting failures.

o Material Versatility: While stamping was used, the team notes that similar structures

could be fabricated via laser cutting or etching.

Background and Context

Elastocaloric cooling uses the reversible phase transformation of SMAs to absorb and
release heat, providing a solid-state alternative to energy-intensive vapor-compression
systems. Previous SMA structures relying on commercial tubes, plates, or WEDM-
produced thin-walled structures faced challenges including high costs, slow fabrication,

and susceptibility to buckling and fatigue failure.



Significance and Outlook

This development addresses the critical gap between laboratory prototypes and mass-
produced elastocaloric products. The research, published in Science, follows two other
breakthroughs by the team: a sub-zero green freezer reaching -12°C (published in
Nature) and a zero-degradation NiTiCuCo alloy device (published in Joule). The team
has filed multiple international patents and plans to further enhance heat-transfer

performance and develop more energy-efficient actuation systems.

Source: https://www.miragenews.com/researchers-develop-low-cost-refrigerant-with-1773264/
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#11 BNNT Ceramic Fiber: KIST's 99% Neutron-
Shielding Specs

Published November 03, 2026  The Korea Herald (Herald Corp) South Korea

| oveERVIEW

Researchers at the Korea Institute of Science and Technology (KIST) have
developed a flexible ceramic thread based on boron nitride nanotubes (BNNTs) that
blocks approximately 99 percent of thermal neutrons. The material combines high
tensile strength and heat resistance with the flexibility to be knotted, providing a

lightweight alternative for radiation shielding in spacesuits and nuclear facilities.



| IN DEPTH

Key Findings

A research team led by Kim Dae-yoon at KIST has created the world's first ceramic fiber
capable of blocking roughly 99 percent of thermal neutrons at a thickness of 1.62
millimeters. Unlike previous radiation-shielding materials that were too rigid or heavy for
mobile equipment, this BNNT-based fiber is flexible enough to be tied in knots and

woven into both flat and cylindrical fabrics.

Technical Details

The fiber is composed of boron nitride nanotubes (BNNTSs), utilizing boron's high
neutron-absorbing properties. To prevent the clumping and fracturing typical of BNNTSs,
the team employed a manufacturing technique that uniformly mixes BNNTs with carbon
nanotubes and aligns them in a single direction via a narrow nozzle. This process
achieved a BNNT content of approximately 80 percent. The resulting material exhibits

the following specifications:

Tensile Strength: Exceeds 1 gigapascal.

Thermal Stability: Stable above 1,000 degrees Celsius.

Thickness: 1.62 millimeters for 99 percent thermal neutron shielding.

Production Scale: Over 3.5 kilometers of fiber have been produced using standard

industrial weaving equipment.

Background and Context

In space environments, secondary neutrons—created when high-energy radiation hits
spacecraft hulls—pose significant risks to human health and electronic hardware. While
BNNTs offer the necessary heat resistance and mechanical performance, their
resistance to melt processing previously made it difficult to spin them into usable fibers.
The KIST team's method overcomes these barriers without requiring specialized

machinery, facilitating large-area production.



Significance and Outlook

The flexibility of the material makes it ideal for high-movement joints in spacesuits, such
as elbows and knees, and shielding performance can be further increased by stacking
layers. Potential applications extend to spacecraft interiors, crewed habitats, nuclear
facilities, and radiation treatment rooms. The team intends to verify long-term stability
using CubeSats or space station external platforms to accelerate the development of an

independent Korean spacesuit. The findings were published in Nature Communications.

Source: https://biz.heraldcorp.com/article/10923919
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#12 MXenes: Machine Learning Discovery of Rare
Earth 2D Materials

Published November 06, 2026  Chemistry World UK

| OVERVIEW

Researchers have identified dozens of previously unknown MXenes by mining
existing materials databases and using machine learning. The discovery of rare
earth-containing MXenes introduces semiconducting and magnetic properties,

potentially enabling applications in spintronics and 2D field effect transistors.



| IN DEPTH

Key Findings

Machine learning and data mining of the Materials Project and the Open Quantum
Materials Database have revealed 33 previously unknown MXene structures. By
expanding the chemical search parameters to include rare earth metals and light
elements such as oxygen and phosphorus at the X site, researchers synthesized seven
of these materials, including thorium nitride oxide. Furthermore, a machine learning

algorithm was used to predict and produce 11 new rare earth-containing MXenes.

Technical Details

The researchers developed a "self-propagating high-temperature synthesis" protocol to
produce 2D MXenes directly. This method eliminates the need for continuous external
heating and the etching of 3D crystals, significantly reducing energy consumption and
synthesis time compared to traditional methods that required weeks of high-temperature
processing. The new materials were characterized using density functional theory,

Raman spectroscopy, and x-ray diffraction.
The resulting rare earth MXenes exhibit properties absent in conventional versions:

» Semiconductivity: Most of the new materials are semiconducting.

o Magnetism: Ytterbium-containing MXenes are ferromagnetic, while holmium-

containing MXenes are antiferromagnetic.

Background & Context

MXenes are layered inorganic materials (M = metal, X = carbon or nitrogen) first
developed in 2011 by Yury Gogotsi and colleagues at Drexel University. While promising
for supercapacitors and dry lubricants, conventional MXenes are limited by the need for
harsh etchants like hydrofluoric acid and a lack of magnetic or semiconducting

properties.



Significance & Outlook

The ability to synthesize semiconducting MXenes may allow for the development of 2D
field effect transistors with higher carrier mobility than silicon. Additionally, the magnetic
properties of rare earth MXenes are applicable to magnetic memories and spintronics.

Researchers plan to further characterize the synthesis process to expand the chemical

variety and range of properties achievable in these 2D materials.

Source: https://www.chemistryworld.com/news/dozens-of-unknown-mxenes-found-buried-in-materials-

databases/4024445.article
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#13 Mitsui Kinzoku and Kyoto University: Proton-

Conducting MOF Glass Membrane for 170°C Hydrogen
Production

Published November 05, 2026 HBAZEEHE (FLAXJYU—X)  Japan

| OVERVIEW

Mitsui Kinzoku and Kyoto University have developed a proton-conducting MOF glass
membrane capable of producing hydrogen via water electrolysis at 170°C. This
material enables the utilization of industrial waste heat and steam in the 150-250°C

range, a temperature bracket previously lacking suitable electrolytes.



| IN DEPTH

Key Findings

Mitsui Kinzoku and a research group led by Professor Satoshi Horige at Kyoto
University's Graduate School of Science have successfully demonstrated hydrogen
generation using water electrolysis at 170°C. This was achieved through the
development of a new proton-conducting MOF (Metal-Organic Framework) glass

composite membrane that functions in medium-temperature ranges.

Technical Details

The developed MOF glass membrane specifically targets the 150-250°C temperature
window. In validation tests, the research team utilized water vapor at 170°C to drive the
water electrolysis process. The MOF glass structure is noted for its versatility, as it
allows for the integration of various functional molecules and is compatible with molding

and processing techniques.

Background and Context

While water electrolysis is critical for achieving a decarbonized society, a gap existed in
electrolyte materials suitable for the medium-temperature range. This specific range is
highly valuable because it aligns with the temperature of waste heat and steam typically
generated in industrial plants. The research was conducted through the "Mitsui Kinzoku
Co-Creation Materials Research Course (Co-Mit Lab)," which was established at the

Kyoto University Graduate School of Science in April 2026.

Significance and Outlook

The ability to produce hydrogen at 170°C opens the possibility of integrating hydrogen
production directly into industrial infrastructures to leverage existing waste heat. Beyond
water electrolysis, the moldability and functional flexibility of MOF glass suggest potential
applications in other energy conversion fields, such as fuel cells. The findings of this
research were published online in the Journal of the American Chemical Society on
October 21, 2026.

Source: https://www.nikkei.com/article/DGXZRSP714872_V01C26A1000000/
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#14 NdFeB Magnet Recycling: Jozef Stefan Institute's
92.5% Recovery

Published November 01, 2026  Rare Earth Exchanges USA

| oveERVIEW

Researchers at Slovenia's Jozef Stefan Institute achieved a 92.5% recovery rate of
rare earths from used NdFeB magnets using electrochemical recycling and grain
preservation. The process demonstrates higher-performance recycling through liquid-
phase sintering, potentially reducing European dependence on imported rare earth

oxides.



| IN DEPTH

Key Findings

Researchers at the JozZef Stefan Institute in Slovenia have successfully recovered 92.5%
of rare earths from used NdFeB magnets. This achievement was made possible through
the application of electrochemical recycling combined with grain preservation
techniques. The study, presented at the 2026 DIM-ESEE conference, synthesizes

research conducted between 2019 and 2026.

Technical Details

The research compared different sintering methods for the recovered grains. Laboratory
tests revealed that conventional liquid-phase sintering outperformed spark plasma
sintering. The resulting magnets achieved a remanence of 1.26 T and a coercivity of
1,100 KA/m.

To further enhance performance, the researchers implemented a method to repair grain
boundaries by adding a neodymium-copper alloy. This specific addition improved the
magnet's coercivity, which is the primary measure of a magnet's resistance to

demagnetization.

Background and Context

The study focuses on direct magnet recycling as a strategic alternative to the traditional
supply chain. By recovering materials directly from used magnets, the process bypasses
the need for newly produced metals or imported rare earth oxides. The findings
presented at the DIM-ESEE conference represent a culmination of several years of

technical development in electrochemical recovery and grain management.



Significance and Outlook

If the process can clear current pilot-scale and cost hurdles, it offers a viable path for
Europe to reduce its strategic dependence on imported rare earth materials. However,
the researchers noted that the process has not yet been validated at an industrial scale.
Furthermore, the commercial cost competitiveness of this recycling method has not yet
been assessed. The transition from laboratory success to industrial application remains
the primary challenge for the widespread adoption of this high-performance recycling
technique.

Source: https://rareearthexchanges.com/news/ndfeb-magnet-recycling-europe-grain-recovery/
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#15 Kevlar-based Composite Film: Thermal and EMI
Shielding Specs

Published November 03, 2026  H|2|EtA T} ( Veritas Alpha) South Korea

| OVERVIEW

Researchers at Korea National University of Transportation have developed an ultra-
thin composite film using nano-sized Kevlar fibers that achieves 99.999%
electromagnetic interference (EMI) shielding. By optimizing the fiber alignment
process, the team improved thermal transfer performance by more than twofold and

maintained 95% performance after 10,000 bending cycles.



| IN DEPTH

Key Findings

A research team led by Professor Kim Sung-ryong at Korea National University of
Transportation has successfully fabricated an ultra-thin composite film that combines
high thermal dissipation, electromagnetic interference (EMI) shielding, and high
durability. The film blocks over 99.999% of external electromagnetic waves even at a
thickness comparable to a human hair. Furthermore, the material demonstrates
exceptional mechanical resilience, retaining approximately 95% of its initial performance

after 10,000 repeated bending tests.

Technical Details

The team developed a method to decompose Kevlar fibers—commonly used in
bulletproof vests—into nano-sized components and then re-bond them densely. To
overcome the structural non-uniformity caused by rapid bonding when using water, the
researchers used a mixed solution of acetic acid and alcohol to control the coagulation
speed of the nanofibers. This approach allowed sufficient time for the fibers to align,

resulting in a more dense and uniform internal structure.

o Thermal Performance: The new Aramid film showed more than a twofold increase in
heat transfer performance compared to films produced via conventional methods,

without requiring additional additives.

 Enhanced Composition: By integrating graphene nanoplatelets, the team created a
multifunctional composite film with simultaneous improvements in thermal

conductivity, strength, and toughness.

Background & Context

As electronic components in smartphones, wearables, autonomous vehicles, and drones
become smaller and higher-performing, managing internal heat and EMI has become
critical. Previous composite materials faced a trade-off: increasing functional additives
like graphene to improve thermal and EMI performance typically resulted in decreased

film strength and flexibility.



Significance & Outlook

This research, published in Advanced Composites and Hybrid Materials, suggests a new
material design method where controlling the bonding time between fibers can
simultaneously achieve thermal efficiency and structural strength. The film is expected to
be applied in high-tech industries requiring lightweight, flexible materials with integrated
thermal management and EMI shielding, such as autonomous vehicle electronics and

wearable devices.

Source: https://www.veritas-a.com/news/articleView.html|?idxno=634962
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