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This Week in 90 Seconds

EXECUTIVE SUMMARY

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

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

decisions.

SIGNAL 01 | COMPOSITION

TIl PCM Thermal Storage: 3°C cold chain
specs for data centers

The Technology Innovation Institute's Advanced Materials
Research Center (AMRC) has developed an innovative phase
change material (PCM) based thermal energy storage
solution, offering a passive approach to heat management

without continuous external power.

SIGNAL 02 | FUNCTIONAL PROPERTY
Japan Engine Corp: Hydrogen engine GHG
specs and 2028 timeline

Japan Engine Corporation successfully completed
land-based testing of the world's first hydrogen-fueled
engine for large commercial vessels, developed under
NEDO's Green Innovation Fund Project.

SIGNAL 03 | PROCESSING
Autoferroic Material: Rice University
10,000x encryption speed

Physicists at Rice University have theoretically demonstrated
an autoferroic material capable of accelerating true random
number generation (TRNG) in microchip encryption by
thousands of times, exceeding 1 million bits per second.

SIGNAL 04 | DEVICE INTEGRATION

Perovskite Ultra-Insulator: NC State
printable thermal specs

Researchers at NC State University have synthesized a novel
hybrid organic-inorganic perovskite material exhibiting an
ultra-low thermal conductivity of approximately 0.04 W m-1
K-1 at room temperature, nearing theoretical limits for dense
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

950/ SOURCE-BOUND CONDITION
0 The engine achieved over 95% hydrogen co-firing rate, resulting in over 95% reduction in
A07 greenhouse gas (GHG) emissions compared to conventional heavy oil engines.

SOURCE-BOUND CONDITION

1 million

AG9 capable of accelerating true random number generation (TRNG) in microchip encryption

Physicists at Rice University have theoretically demonstrated an autoferroic material

by thousands of times, exceeding 1 million bits.

SOURCE-BOUND CONDITION

Researchers at NC State University have synthesized a novel hybrid organic-inorganic
perovskite material exhibiting an ultra-low thermal conductivity of approximately 0.04 W
m-1 K-1 at room temperature, nearing.

1 00 . SOURCE-BOUND CONDITION
tl me USA Rare Earth has forged a strategic partnership to revolutionize rare earth element
S separation using quantum computing, aiming for up to 100 times greater efficiency.

500/0 SOURCE-BOUND CONDITION
This groundbreaking experiment achieved a remarkable reduction of over 50% in energy
A6 losses within light-electron oscillations, potentially opening new avenues for developing
terahertz lasers.

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

The Technology
Innovation Institute's
Advanced Materials
Research Center
(AMRC) has developed
an innovative phase
change.

Functional
property
P02/PO7

Japan Engine
Corporation successful
ly completed
land-based testing of
the world's first
hydrogen-fueled
engine for large.

Processing
P03/P08

Physicists at Rice
University have
theoretically
demonstrated an
autoferroic material
capable of acceleratin
g true random.

Device integr
ation
P04/P09

Researchers at NC
State University have
synthesized a novel
hybrid organic-inorgan
ic perovskite material
exhibiting an.

Market adopt
ion

P05/P10

Korean researchers
have developed a
next-generation
polymer material
capable of withstandin
g temperatures up to
300°C while.

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

TII PCM Thermal Storage: 3°C cold
Next decision locus (categories) chain specs for data centers

Tech / process | cue: no
system/business cue

Japan Engine Corp: Hydrogen
engine GHG specs and 2028 timeline
System / adoption | cue: commercial

Business / rules PO3 Autoferroic Matt.erlal: Rice University
10,000x encryption speed

Business / rules | cue: standard

P02

Perovskite Ultra-Insulator: NC State

P04
printable thermal specs
Tech / process | cue: no
system/business cue

P05 LC-BMI Polymer: 300°C heat

resistance and reshapability specs
Tech / process | cue: no
system/business cue

System / adoption @ @ @

Caltech Photonics Chip: 74
femtosecond steering speed
explained

Tech / process | cue: no
system/business cue

USA Rare Earth: Quantum
computing for 100x separation
efficiency

System / adoption | cue: partnership

PO7

P08 Photonic Time Crystal: Terahertz
Tech / process @ laser specs and 50% loss cut
Tech / process | cue: no
P08 .
system/business cue
Heat-Driven Cooling: 4°C differential

at 86°C specs for 2026
System / adoption | cue: system

Osaka University Metal Alloy:
Self-healing micro-crack specs
Tech / process | cue: no
system/business cue

Research Prototype  Jointeval. Adoption Scale

Deployment maturity —

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.

A01 | Composition | Joint evaluation

FACT
The Technology Innovation Institute's Advanced Materials

Research Center (AMRC) has developed an innovative phase
change material (PCM) based thermal energy storage
solution, offering a passive approach to heat management
without continuous external power. A standout
achievement is a novel cold chain PCM exhibiting a melting
onset temperature of 3°C and a latent heat exceeding 230
J/g.

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.

TIl PCM Thermal Storage: 3°C cold chain specs for data centers

Date not stated

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 21/25 | MATURITY 3/5 | DECISION LOCUS: TECH / PROCESS

AO07 | Functional property | Joint evaluation

FACT
Japan Engine Corporation successfully completed

land-based testing of the world's first hydrogen-fueled
engine for large commercial vessels, developed under
NEDO's Green Innovation Fund Project. The engine achieved
over 95% hydrogen co-firing rate, resulting in over 95%
reduction in greenhouse gas (GHG) emissions compared to
conventional heavy oil engines. On-board demonstration
tests are scheduled to commence in 2028, marking a
groundbreaking achievement for the decarbonization of the
maritime industry.

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.

Japan Engine Corp: Hydrogen engine GHG specs and 2028 timeline

Date not stated

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 3/5 | DECISION LOCUS: SYSTEM / ADOPTION
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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.

A09 | Processing | Research

FACT
Physicists at Rice University have theoretically

demonstrated an autoferroic material capable of
accelerating true random number generation (TRNG) in
microchip encryption by thousands of times, exceeding 1
million bits per second. This material leverages unique
magneto-electric coupling to bypass critical hardware
bottlenecks, representing a significant leap from standard
devices generating under 100 flips per second.

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.

“ Autoferroic Material: Rice University 10,000x encryption speed

Date not stated

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 1/5 | DECISION LOCUS: BUSINESS / RULES

A08 | Device integration | Pilot

FACT
Researchers at NC State University have synthesized a novel

hybrid organic-inorganic perovskite material exhibiting an
ultra-low thermal conductivity of approximately 0.04 W m-1
K-1 at room temperature, nearing theoretical limits for
dense materials. This material is exceptionally rigid and
scalable for thin-film printing, offering five times better
insulation than silicon.

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.

P04 Perovskite Ultra-Insulator: NC State printable thermal specs

Date not stated

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 2/5 | DECISION LOCUS: TECH / PROCESS
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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.

AO05 | Market adoption | Joint evaluation

FACT
Korean researchers have developed a next-generation

polymer material capable of withstanding temperatures up
to 300°C while also being reshaped multiple times after
initial hardening. Led by Professor Yeo Hyeon-wook at
Kyungpook National University, this liquid crystal
bismaleimide (BMI)-based bilmer is ideal for extreme
environments such as aerospace and semiconductor
applications.

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 LC-BMI Polymer: 300°C heat resistance and reshapability specs

Date not stated

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 3/5 | DECISION LOCUS: TECH / PROCESS

A03 | Composition | Pilot

FACT
Researchers at Caltech have developed a novel miniature

chip capable of redirecting a light beam in an astonishing 74
femtoseconds (74 quadrillionths of a second). This
breakthrough utilizes a nanoscale silicon metasurface
manipulated by another control light beam, significantly
surpassing current speed limitations in photonic
technologies.

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 Caltech Photonics Chip: 74 femtosecond steering speed explained

Date not stated

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: TECH / PROCESS
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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.

Al1 | Functional property | Product adoption

FACT
USA Rare Earth has forged a strategic partnership to

revolutionize rare earth element separation using quantum
computing, aiming for up to 100 times greater efficiency.
The collaboration leverages quantum machine learning to
identify promising molecular candidates for separation,
which are then validated through actual chemical
experiments in Riven's automated laboratories.

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.

P07 USA Rare Earth: Quantum computing for 100x separation efficiency

Date not stated

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 4/5 | DECISION LOCUS: SYSTEM / ADOPTION

A06 | Processing | Pilot

FACT
Scientists have successfully constructed the world's first

all-optical photonic time crystal by cyclically modulating a
material's optical properties every trillionth of a second.
This groundbreaking experiment achieved a remarkable
reduction of over 50% in energy losses within light-electron
oscillations, potentially opening new avenues for
developing terahertz lasers. Published in Nature on July 29,
2026, this research is expected to significantly impact both
fundamental physics and applied technology.

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.

P08 Photonic Time Crystal: Terahertz laser specs and 50% loss cut

Date not stated

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.

m Heat-Driven Cooling: 4°C differential at 86°C specs for 2026

A04 | Device integration | Joint evaluation

FACT
A collaborative team from Karlsruhe Institute of Technology

(Germany) and University of Tsukuba (Japan) has developed
an innovative cooling system that operates solely on heat
energy, rather than electricity. This technology utilizes two
ultra-thin films made of nickel-titanium shape memory alloy
to convert thermal energy into mechanical motion and
ultimately into refrigeration.

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.

Date not stated

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.

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

Osaka University Metal Alloy: Self-healing micro-crack specs

A02 | Market adoption | Pilot

FACT
Researchers at Osaka University have made a breakthrough

in self-healing materials, identifying a specific metal alloy
capable of spontaneously repairing micro-cracks. This
innovation extends the concept of self-healing beyond
polymers to broader structural materials like concrete and
metals. The technology promises to restore structural
integrity after damage without human intervention, thereby
substantially increasing the lifespan and safety of various
infrastructures.

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.

Date not stated

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.

EDITORIAL SCORE 19/25 | MATURITY 2/5 | DECISION LOCUS: TECH / PROCESS
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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 01-12

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

Al12

TII PCM Thermal Storage: 3°C cold chain specs for data centers

Osaka University Metal Alloy: Self-healing micro-crack specs

Caltech Photonics Chip: 74 femtosecond steering speed
explained

Heat-Driven Cooling: 4°C differential at 86°C specs for 2026

LC-BMI Polymer: 300°C heat resistance and reshapability specs

Photonic Time Crystal: Terahertz laser specs and 50% loss cut

Japan Engine Corp: Hydrogen engine GHG specs and 2028
timeline

Perovskite Ultra-Insulator: NC State printable thermal specs

Autoferroic Material: Rice University 10,000x encryption speed

Epoxy Vitrimer: Bio-based self-healing specs and 98.2%
efficiency

USA Rare Earth: Quantum computing for 100x separation
efficiency

VCSEL: Metasurface integration for Ising machine accuracy
specs

Troy Technical | Functional Materials | cutoff 2026-09-25

FULL TITLES / FULL SOURCE URLS

https://www.tii.ae/insights/advanced-thermal-energy-storage-solutions-
using-phase-change-materials

https://thedebrief.org/new-self-healing-material-activates-as-damage-o
ccurs-offering-a-game-changing-defense-against-rust-formation/

https://www.sciencedaily.com/releases/2026/09/260918024823.htm

https://360mozambique.com/development/sustainability/scientists-dev
elop-cooling-system-that-uses-heat-instead-of-electricity/

https://mbiz.heraldcorp.com/article/10882132
https://www.ecoticias.com/en/all-optical-photonic-time-crystal-terahert
z/37029/

https://www.nedo.go.jp/english/news/AA5en_100484.html

https://engr.ncsu.edu/news/2026/09/21/new-material-is-an-extreme-the
rmal-insulator/

https://quantumzeitgeist.com/rice-material-balances-speed-signal-micr
ochip/

https://www.frontiersin.org/journals/materials/articles/10.3389/fmats.2
026.1945972/full

https://mugglehead.com/usa-rare-earth-taps-quantum-computing-to-i
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#01 Tll PCM Thermal Storage: 3°C cold chain specs for
data centers

Published September 17, 2026  Technology Innovation Institute (TIl) 772 7 &RE:

| oveERVIEW

The Technology Innovation Institute's Advanced Materials Research Center (AMRC)
has developed an innovative phase change material (PCM) based thermal energy
storage solution, offering a passive approach to heat management without
continuous external power. A standout achievement is a novel cold chain PCM
exhibiting a melting onset temperature of 3°C and a latent heat exceeding 230 J/g.
This breakthrough promises enhanced energy efficiency for data center cooling,
battery thermal management in marine applications, and industrial waste heat

recovery.



| IN DEPTH

Key Findings

The Advanced Materials Research Center (AMRC) at the Technology Innovation Institute
(TN) has introduced a groundbreaking thermal energy storage solution leveraging
advanced Phase Change Materials (PCMs). This technology is designed to revolutionize
thermal management across several critical sectors, including data center cooling,
battery thermal regulation for marine and maritime applications, and industrial waste
heat recovery. A significant highlight is the development of a cold chain PCM that
exhibits a melting onset temperature of 3°C and a high latent heat capacity exceeding

230 J/g, enabling efficient energy storage and release without active components.

Technical Details

The AMRC's PCM system operates on a passive heat exchange principle, where the
material absorbs and releases large amounts of thermal energy during its phase
transition (melting and solidification). Unlike conventional active cooling systems, it
eliminates the need for continuous external power or moving parts, significantly reducing
operational costs and complexity. The high latent heat of the new cold chain PCM
means that a relatively small volume of material can store a substantial amount of
thermal energy, making it ideal for compact and high-performance applications. This
inherent characteristic makes the technology highly scalable and adaptable to diverse
thermal loads and environmental conditions, offering a robust alternative to energy-

intensive mechanical systems.

Background & Context

The demand for efficient thermal management solutions is escalating globally, driven by
the increasing energy consumption of data centers, the imperative for sustainable
industrial practices, and the push for higher performance in electric mobility. Traditional
cooling methods often incur high energy costs and environmental footprints. The
AMRC's work addresses these challenges directly by providing a low-cost, low-
maintenance, and environmentally sustainable alternative. This innovation positions TlI
and the UAE as key players in advanced materials research, contributing to global
efforts in energy efficiency and sustainability. The potential impact spans beyond
industrial applications, extending to HVAC systems in buildings and thermal regulation in

consumer electronics.



Strategic Significance & Outlook

This PCM technology holds profound implications for improving energy efficiency and
promoting sustainability across various industries. It is expected to lead to significant
reductions in operational expenditures for data centers and manufacturing plants, while
simultaneously extending the lifespan and enhancing the safety of high-performance
batteries. Looking ahead, the research paves the way for integration into smart grid
infrastructures, enabling more stable and responsive energy systems, and potentially
facilitating the deployment of thermal energy solutions in remote or off-grid locations.
TII's continuous investment in advanced materials research underscores its commitment

to fostering technological independence and addressing global energy challenges.

Source: https://www.tii.ae/insights/advanced-thermal-energy-storage-solutions-using-phase-change-

materials
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#02 Osaka University Metal Alloy: Self-healing micro-
crack specs

Published September 17, 2026  The Debrief News (Science MagazineZz 5|F) Japan

| oveERVIEW

Researchers at Osaka University have made a breakthrough in self-healing
materials, identifying a specific metal alloy capable of spontaneously repairing micro-
cracks. This innovation extends the concept of self-healing beyond polymers to
broader structural materials like concrete and metals. The technology promises to
restore structural integrity after damage without human intervention, thereby
substantially increasing the lifespan and safety of various infrastructures. This
discovery has profound implications for reducing maintenance costs and enhancing

material sustainability.



| IN DEPTH

Key Findings

Researchers from Osaka University have achieved a significant milestone in materials
science by discovering a specific metal alloy that exhibits autonomous self-healing
capabilities for micro-cracks. This pioneering finding expands the scope of self-healing
materials, traditionally explored in polymers, to robust structural materials such as
metals and concrete. The development holds the potential to dramatically extend the
service life and enhance the safety of various structures by allowing materials to repair

damage without human intervention, marking a paradigm shift in material durability.

Technical Details

The Osaka University team elucidated the mechanism by which certain metal alloys
detect and re-bond along micro-cracks under specific conditions. This self-healing
process is intimately linked to the material's nanostructure and chemical composition,
operating through an intrinsic repair mechanism activated upon damage. When a crack
forms, it triggers a rearrangement of the atomic structure within the material, leading to
the closure of the crack and restoration of structural integrity. This mechanism enables
the recovery of strength and extended lifespan in metallic materials, a feat previously
deemed challenging. The technology is particularly promising for improving resistance
against fatigue fractures and corrosion, critical failure modes in many engineering

applications.

Background & Context

The lifespan of infrastructure and mechanical components is often limited by progressive
degradation from micro-cracks and corrosion, necessitating expensive and labor-
intensive inspection, repair, and replacement cycles. Undetected damage poses severe
safety risks, making robust materials a global priority. While self-healing materials have
been extensively researched as a fundamental solution, practical application in metallic
systems has remained elusive. Osaka University's research addresses this long-
standing challenge, paving the way for applications in diverse industries, including
bridges, aircraft, automobiles, and electronic devices, where high reliability and longevity

are paramount.



Strategic Significance & Outlook

The discovery of this self-healing metal alloy represents a transformative development
for materials science and engineering. It promises substantial reductions in maintenance
costs for structures and equipment, contributing significantly to a more sustainable and
resilient society. Future research will focus on optimizing the self-healing capacity for
more complex damage scenarios and across varying environmental conditions.
Successful commercialization of this technology could lead to the development of safer,
more reliable infrastructure and industrial components, fundamentally altering how

materials are designed, managed, and utilized throughout their lifecycle.

Source: https://thedebrief.org/new-self-healing-material-activates-as-damage-occurs-offering-a-game-

changing-defense-against-rust-formation/
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#03 Caltech Photonics Chip: 74 femtosecond steering
speed explained

Published September 18, 2026  ScienceDaily (Caltech) USA

| OVERVIEW

Researchers at Caltech have developed a novel miniature chip capable of redirecting
a light beam in an astonishing 74 femtoseconds (74 quadrillionths of a second). This
breakthrough utilizes a nanoscale silicon metasurface manipulated by another control
light beam, significantly surpassing current speed limitations in photonic technologies.
This achievement promises to enable dramatic accelerations in optical
communications, computing, and sensing, opening avenues for next-generation ultra-

fast data processing systems.



| IN DEPTH

Key Findings

A team of researchers at the California Institute of Technology (Caltech) has successfully
developed a groundbreaking miniature chip capable of steering a light beam in an
unprecedented 74 femtoseconds. This record-breaking speed dramatically exceeds the
response times of conventional photonic devices, opening the door to revolutionary
advancements in optical communications, computing, and sensing technologies. This

achievement fundamentally redefines the limits of light manipulation.

Technical Details

The innovative chip operates by integrating a nanoscale silicon metasurface with a
separate control light beam. Metasurfaces are engineered materials with sub-
wavelength structures designed to precisely manipulate the propagation of light. The
Caltech team demonstrated that by illuminating this metasurface with a control beam, its
optical properties could be altered at ultra-high speeds, thereby instantaneously
redirecting the primary light beam. The current speed limitation is primarily attributed to
the characteristics of the laser pulses employed; future advancements in laser
technology hold the potential for even faster control, pushing the boundaries of photonic

switching further.

Background & Context

The accelerating demand for higher data processing and transmission speeds in the
information age has pushed electronic circuits towards their physical limits. Photonics,
utilizing light for information transfer, is considered the key to achieving next-generation
speed increases. However, controlling light, especially in routing and switching optical
signals, has remained a significant speed bottleneck for large-scale optical networks and
computing systems. Caltech's development offers a transformative solution to this long-
standing challenge, making substantial progress towards achieving ultra-fast light

control, a critical objective in the field of photonics.



Strategic Significance & Outlook

This 74-femtosecond light-steering chip is poised to dramatically enhance data
processing capabilities in ultra-high-speed data communication systems. It promises not
only a significant boost in internet speeds but also the acceleration of terabit-scale data
centers and the development of next-generation optical computers. Furthermore, the
technology holds potential applications in scientific measurements requiring precise
temporal resolution, real-time environmental monitoring, and the creation of new types of
sensing devices. By pushing the boundaries of information processing, this breakthrough
is set to become an indispensable component in building the foundation of future digital

societies and driving global technological innovation.

Source: https://www.sciencedaily.com/releases/2026/09/260918024823.htm
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#04 Heat-Driven Cooling: 4°C differential at 86°C specs
for 2026

Published September 22, 2026 360 Mozambique (A1—JL XL —ITITRIKZFE, FUEKEF)
Germany

| OVERVIEW

A collaborative team from Karlsruhe Institute of Technology (Germany) and University
of Tsukuba (Japan) has developed an innovative cooling system that operates solely
on heat energy, rather than electricity. This technology utilizes two ultra-thin films
made of nickel-titanium shape memory alloy to convert thermal energy into
mechanical motion and ultimately into refrigeration. A prototype achieved a
component-level temperature differential of approximately 4°C when the actuator was
heated to 86°C, offering a sustainable and energy-efficient alternative to conventional

cooling.



| IN DEPTH

Key Findings

A joint research team from Karlsruhe Institute of Technology in Germany and the
University of Tsukuba in Japan has successfully developed a groundbreaking heat-
driven cooling system that operates without relying on electric motors. This innovative
prototype demonstrated a component-level temperature differential of approximately 4°C
when its actuator was heated to 86°C, indicating a significant potential for highly energy-
efficient refrigeration that consumes minimal electricity compared to conventional

technologies.

Technical Details

At the core of this novel cooling system are two ultra-thin films fabricated from a nickel-
titanium shape memory alloy (SMA). Shape memory alloys possess the unique property
of transforming their shape in response to temperature changes, which can be
harnessed to generate a cooling effect. The research team ingeniously exploited the
superelastic properties of this material to directly convert thermal energy into mechanical
motion, which then drives a thermodynamic cycle leading to refrigeration. As the SMA
films expand and contract upon heating and cooling, they draw heat from their
surroundings, producing a noticeable cooling effect. This entirely passive process
consumes negligible electricity, making it particularly attractive for applications where

sustainability and energy independence are paramount.

Background & Context

Cooling systems, including air conditioning and refrigeration, account for a substantial
portion of global energy consumption. Conventional vapor-compression systems often
rely on potent greenhouse gases and demand considerable electrical power, contributing
significantly to environmental burden. With the escalating urgency of addressing climate
change, there is a pressing need for more environmentally friendly and energy-efficient
cooling technologies. Heat-driven cooling, particularly utilizing waste heat or solar
thermal energy, has been a promising area of research, but practical implementation has
faced challenges related to efficiency and compactness. This latest research, by
optimizing the unique properties of SMAs, offers a potential solution to these long-

standing issues.



Strategic Significance & Outlook

This heat-driven cooling system holds immense promise as a sustainable and eco-
friendly alternative to traditional electrically powered refrigeration. Potential future
applications include automotive air conditioning, solar-powered domestic cooling
systems, process cooling in industrial settings utilizing waste heat, and even portable
refrigeration devices. The research team is committed to further enhancing the system's
cooling efficiency and temperature differential, alongside rigorous validation of its
scalability and long-term durability for commercialization. Widespread adoption of this
technology could substantially contribute to global energy consumption reduction and
greenhouse gas emission mitigation, marking a pivotal step towards a more sustainable

global energy landscape.

Source: https://360mozambique.com/development/sustainability/scientists-develop-cooling-system-that-

uses-heat-instead-of-electricity/
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#05 LC-BMI Polymer: 300°C heat resistance and
reshapability specs

Published September 22, 2026 The Herald Business South Korea

| OVERVIEW

Korean researchers have developed a next-generation polymer material capable of
withstanding temperatures up to 300°C while also being reshaped multiple times after
initial hardening. Led by Professor Yeo Hyeon-wook at Kyungpook National
University, this liquid crystal bismaleimide (BMlI)-based bilmer is ideal for extreme
environments such as aerospace and semiconductor applications. This material is
expected to significantly extend the lifespan of high-performance plastics and

substantially reduce industrial waste in manufacturing processes.



| IN DEPTH

Key Findings

A Korean research team has achieved a significant breakthrough in polymer science by
developing a next-generation material that exhibits ultra-high heat resistance of up to
300°C, combined with the unprecedented ability to be reshaped multiple times even
after initial hardening. This innovative liquid crystal bismaleimide (BMI)-based bilmer
holds the potential to revolutionize the design and sustainability of high-performance
plastics used in extreme environments such as aerospace and semiconductor

manufacturing.

Technical Details

The research team, led by Professor Yeo Hyeon-wook from Kyungpook National
University, successfully engineered a bilmer that reconciles ultra-high heat resistance
with reprocessability—two properties traditionally considered mutually exclusive in
advanced polymers. The material, primarily composed of liquid crystal bismaleimide,
incorporates specific chemical structures that enable a high degree of balance between
molecular flexibility and strength. Unlike conventional thermosetting plastics that become
rigid and non-reprocessable after curing, this new material allows for the reversible
reconstruction of its molecular network through specific thermal treatments. This feature
facilitates the recycling of defective products during manufacturing and streamlines end-

of-life recycling, offering substantial advantages in resource utilization.

Background & Context

In industries such as aerospace and semiconductors, high-performance plastics capable
of enduring extremely high temperatures and harsh chemical environments are
indispensable. However, these traditional high-performance polymers are often
thermosetting resins, which pose significant challenges for reuse or recycling once they
are formed. This limitation leads to increased manufacturing costs and the generation of
environmentally burdensome industrial waste. The Korean team's achievement provides
a critical solution to these sustainability challenges, promoting a transition towards a

more circular economy in these demanding sectors.



Strategic Significance & Outlook

This ultra-high heat-resistant and re-shapable liquid crystal bismaleimide-based polymer
is expected to find broad applications across various fields, including lightweight
structural components for aerospace vehicles, semiconductor packaging materials,
automotive parts, and advanced electronic components. The material's reprocessability
offers significant benefits in both cost reduction and environmental protection by
increasing manufacturing process flexibility and contributing to the reduction of material
waste. The research team plans further research and development towards the
commercialization and large-scale production of this material, aiming to establish a new
standard in the high-performance plastics market and drive global innovation in

sustainable materials engineering.

Source: https://mbiz.heraldcorp.com/article/10882132
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#06 Photonic Time Crystal: Terahertz laser specs and
50% loss cut

Published September 22, 2026 ECOticias.com (Nature) A1 >

| OVERVIEW

Scientists have successfully constructed the world's first all-optical photonic time
crystal by cyclically modulating a material's optical properties every trillionth of a
second. This groundbreaking experiment achieved a remarkable reduction of over
50% in energy losses within light-electron oscillations, potentially opening new
avenues for developing terahertz lasers. Published in Nature on July 29, 2026, this
research is expected to significantly impact both fundamental physics and applied

technology.



| IN DEPTH

Key Findings

Scientists have successfully constructed the world's first 'all-optical photonic time crystal'
by periodically modulating a material's optical properties every trillionth of a second
(femtosecond). This pioneering experiment achieved a groundbreaking reduction of over
50% in energy losses within light-electron oscillation systems, thereby unlocking new

possibilities for the development of next-generation terahertz lasers.

Technical / Clinical Details

Unlike conventional photonic crystals, which have spatially periodic structures, a
photonic time crystal is a medium whose optical properties change periodically in time.
In this study, ultrafast laser pulses were used to repeatedly modulate the optical
properties, such as refractive index and dielectric constant, of a specific material on a
femtosecond scale. This process artificially created a state of broken temporal
symmetry, allowing the observation of 'time crystal'-like behavior where photons are
repeatedly scattered in time during their interaction with electrons. Crucially, the system
demonstrated an ability to suppress losses (damping) in the coherent oscillations of light
and electrons (e.g., polaritons) by utilizing the principles of non-Hermitian physics.
Specifically, it was demonstrated that energy dissipation, which is unavoidable in
conventional systems, could be reduced by over 50%. This loss reduction is critically
important for high-efficiency optical devices and the exploration of new physical

phenomena.



Background & Context

The concept of time crystals, first proposed by Nobel laureate Frank Wilczek in 2012,
has been an active area of research at the forefront of condensed matter physics. While
ordinary crystals are composed of spatially periodic atomic arrangements, time crystals
refer to a more exotic state of matter where the ground state of a quantum system
exhibits periodic motion in time. Until now, time crystals have primarily been realized in
quantum simulations and atomic systems, with an all-optical realization considered
challenging. This achievement deepens our understanding of light control and
interaction, and paves the way for applying new physical principles to reduce
electromagnetic wave losses. In particular, terahertz wave technology holds potential
applications in security scanning, high-speed communication, and medical imaging, but
the development of high-power and efficient terahertz sources has been a significant
hurdle.

Strategic Significance & Outlook

The construction of this all-optical photonic time crystal and the associated reduction of
over 50% in light-electron oscillation losses have direct implications for breakthroughs in
terahertz technology. Systems with significantly reduced losses will enable the
development of higher-power and more efficient terahertz lasers, thereby accelerating
the practical application of new imaging technologies, high-speed wireless
communication, and spectroscopic analysis devices utilizing terahertz waves.
Furthermore, this research offers new perspectives for fundamental research areas such
as non-equilibrium quantum optics and non-Hermitian physics, potentially leading to the
control of photons using temporal symmetry breaking and the development of new types
of quantum devices. In the future, it is expected to form the foundation for highly energy-

efficient light-based computing systems and entirely new types of sensor technologies.

Source: https://www.ecoticias.com/en/all-optical-photonic-time-crystal-terahertz/37029/
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#07 Japan Engine Corp: Hydrogen engine GHG specs
and 2028 timeline

Published September 18, 2026 NEDO (1T XL ¥ — - EERMTHESHFAEE) Japan

| oveERVIEW

Japan Engine Corporation successfully completed land-based testing of the world's
first hydrogen-fueled engine for large commercial vessels, developed under NEDQO's
Green Innovation Fund Project. The engine achieved over 95% hydrogen co-firing
rate, resulting in over 95% reduction in greenhouse gas (GHG) emissions compared
to conventional heavy oil engines. On-board demonstration tests are scheduled to
commence in 2028, marking a groundbreaking achievement for the decarbonization

of the maritime industry.



| IN DEPTH

Key Findings

Japan Engine Corporation, supported by NEDQO's Green Innovation Fund Project, has
successfully developed and completed land-based testing for the world's first hydrogen-
fueled engine designed for large commercial vessels. This pioneering engine achieved a
remarkable over 95% reduction in greenhouse gas (GHG) emissions compared to

conventional heavy oil engines.

Technical Details

The developed hydrogen-fueled engine demonstrated a high hydrogen co-firing rate
exceeding 95%. This was made possible by employing a dual-fuel combustion system
that introduces hydrogen as the primary fuel into the diesel combustion cycle, ignited by
a small amount of pilot fuel. During land-based tests, the engine's performance,
combustion stability, and exhaust gas characteristics were thoroughly evaluated under
various operating conditions. The tests confirmed the excellent GHG emission reduction
effect as designed. Furthermore, emissions of harmful substances like NOx (nitrogen
oxides) were successfully kept at low levels, demonstrating a comprehensive reduction
in environmental impact. This technology effectively overcomes the challenges of
hydrogen's rapid combustion speed and low density through specialized combustion
chamber design and optimized fuel injection systems, ensuring both high efficiency and

stable operation.

Background & Context

The international shipping industry is under immense pressure to significantly reduce its
greenhouse gas emissions to combat climate change. The International Maritime
Organization (IMO) has set a target to halve GHG emissions by 2050 compared to 2008
levels, necessitating a transition to zero-emission fuels. Hydrogen has garnered
significant attention as a clean fuel that emits no CO2 during combustion, with high
expectations for its application in large commercial vessels, though technical hurdles

have previously slowed its practical implementation.



Strategic Significance & Outlook

This achievement by Japan Engine Corporation is poised to accelerate the global
decarbonization efforts within the maritime industry. The upcoming on-board
demonstration tests, scheduled for 2028, will be the final stage before the
commercialization of this technology. The widespread adoption of hydrogen-fueled
engines will dramatically transform the fuel landscape in shipping, contributing to the
realization of a sustainable marine transportation system. This represents a prime
example of Japanese technological prowess making a substantial contribution to global

green initiatives, expected to receive high international acclaim.

Source: https://www.nedo.go.jp/english/news/AA5en_100484.html

Collected: September 25, 2026 | Automated Research System (Gemini API)


https://www.nedo.go.jp/english/news/AA5en_100484.html

#08 Perovskite Ultra-Insulator: NC State printable
thermal specs

Published September 21, 2026 NC State's College of Engineering USA

| oveERVIEW

Researchers at NC State University have synthesized a novel hybrid organic-
inorganic perovskite material exhibiting an ultra-low thermal conductivity of
approximately 0.04 W m-1 K-1 at room temperature, nearing theoretical limits for
dense materials. This material is exceptionally rigid and scalable for thin-film printing,
offering five times better insulation than silicon. This breakthrough promises
transformative improvements in thermal management across diverse applications,

from high-performance electronics and cookware to spacecraft.



| IN DEPTH

Key Findings

Researchers at NC State University have developed a new hybrid organic-inorganic
perovskite material that achieves one of the lowest thermal conductivities for a dense
material, approximately 0.04 W m-1 K-1 at room temperature. This innovative material is
remarkably rigid and can be scaled for large-area thin-film printing, offering a

groundbreaking solution for extreme thermal insulation needs.

Technical / Clinical Details

The team engineered this material by replacing portions of the carbon-carbon chains in
the organic layer of a two-dimensional hybrid organic-inorganic perovskite with a
combination of benzene rings. This precise structural modification allowed them to finely
control both the material's rigidity and its thermal conductivity. The design maximizes
phonon scattering, enabling the material to approach the theoretical minimum for
thermal conduction in a non-porous solid. Its measured thermal conductivity is five times

lower than that of silicon, highlighting its superior insulating properties.

Background & Context

Effective thermal management is crucial for the performance, energy efficiency, and
longevity of electronic devices and other systems. Existing thermal insulators often suffer
from trade-offs between insulation efficiency, mechanical rigidity, scalability, or stability in
high-stress environments. The newly developed perovskite material overcomes these
limitations with its combination of high rigidity, printability, and ultra-low thermal
conductivity. This makes it suitable for demanding applications where conventional

solutions fall short.



Strategic Significance & Outlook

The applications for this new perovskite thermal insulator are broad and impactful,
including improving the energy efficiency of cooking appliances, solving overheating
challenges in high-performance electronics, and providing critical thermal protection for
spacecraft. The ability to print this material as thin films makes it particularly attractive for
integration into flexible electronics and IoT devices, opening new avenues for product
design. This innovation is poised to significantly enhance energy efficiency and extend
product lifespans across various industries, creating substantial new value in the

functional materials market.

Source: https://engr.ncsu.edu/news/2026/09/21/new-material-is-an-extreme-thermal-insulator/
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#09 Autoferroic Material: Rice University 10,000x
encryption speed

Published September 24, 2026  Rice University USA

| OVERVIEW

Physicists at Rice University have theoretically demonstrated an autoferroic material
capable of accelerating true random number generation (TRNG) in microchip
encryption by thousands of times, exceeding 1 million bits per second. This material
leverages unique magneto-electric coupling to bypass critical hardware bottlenecks,
representing a significant leap from standard devices generating under 100 flips per
second. This breakthrough promises robust data security and faster encryption
processing by maintaining strong magnetic signals for reliable data readouts while

generating truly random numbers.



| IN DEPTH

Key Findings

Physicists at Rice University have theoretically demonstrated an autoferroic material
capable of accelerating true random number generation (TRNG) in microchip encryption
by thousands of times, generating over 1 million bits per second. This groundbreaking
advancement could revolutionize data security and computational efficiency by

overcoming long-standing hardware bottlenecks.

Technical / Clinical Details

Autoferroic materials are notable for their unique interplay between electrical and
magnetic properties. The research team exploited this intrinsic coupling to propose a
novel mechanism that circumvents the primary hardware limitations in TRNGs.
Computer simulations showed that a TRNG based on this material could generate
random numbers at a rate exceeding 1 million bits per second, a monumental
improvement compared to standard devices that typically achieve fewer than 100 flips
per second. This technology ensures the generation of truly random numbers, essential
for robust encryption, while simultaneously maintaining a strong magnetic signal for
reliable data readout, making it a critical component for next-generation secure

microchip designs.

Background & Context

Data encryption is a cornerstone of modern digital society, and its strength heavily relies
on the quality and speed of true random number generators. Traditional TRNGs, which
often leverage physical phenomena, have been limited by speed and the challenge of
balancing strong signals with true randomness. These bottlenecks are particularly
pronounced in fast-paced environments like 10T devices and cloud computing, leading to
trade-offs between security and performance. The Rice University research offers a
novel solution to this persistent challenge, paving the way for significantly faster and

more secure communication and data processing.



Strategic Significance & Outlook

This autoferroic material-based TRNG technology has the potential to dramatically
enhance the security of all sensitive digital applications, including financial transactions,
personal data protection, and national security communications. Fast and robust
encryption will play a crucial role in establishing new cybersecurity standards, especially
as the threat from quantum computing grows. If successfully implemented into actual
chips, this theoretical demonstration could see widespread adoption across various
electronics sectors, from data centers to personal devices, bolstering digital trust and

operational efficiency globally.

Source: https://quantumzeitgeist.com/rice-material-balances-speed-signal-microchip/
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#10 Epoxy Vitrimer: Bio-based self-healing specs and
98.2% efficiency

Published September 24, 2026  Frontiers  Switzerland

| oveERVIEW

Researchers have developed a robust series of bio-based epoxy vitrimers (DGFB-x)
featuring dual dynamic boronic ester and 3-hydroxy ester bonds. The optimized
DGFB-1.0 demonstrated an excellent self-healing efficiency of 98.2% after 60
minutes at 90°C, and a high welding efficiency of over 94%. Crucially, it retained
81.3% of its tensile strength after three reprocessing cycles and achieved over 90%
chemical recyclability via alcoholysis, successfully recycling carbon fiber reinforced
composites. This marks a significant step towards durable and sustainable circular

materials.



| IN DEPTH

Key Findings

A research team has successfully synthesized a series of robust bio-based epoxy
vitrimers (DGFB-x) characterized by dual dynamic boronic ester and 3-hydroxy ester
bonds. The optimized version, DGFB-1.0, exhibited an impressive 98.2% self-healing
efficiency after 60 minutes at 90°C and achieved a high welding efficiency exceeding
94%. Notably, it demonstrated remarkable reprocessability, retaining 81.3% of its tensile
strength even after three reprocessing cycles. Furthermore, the material showed
effective chemical recyclability, with over 90% recovery through alcoholysis. This
recyclability was also successfully applied to carbon fiber reinforced composites (CFRP),

maintaining the quality and mechanical properties of the carbon fibers.

Technical / Clinical Details

The unique properties of the DGFB-x series vitrimers stem from the incorporation of two
types of exchangeable dynamic covalent bonds—boronic ester and 3-hydroxy ester—
within the polymer backbone, forming a covalent adaptable network (CAN). Under
thermal conditions, these bonds undergo reversible exchange reactions, enabling the
material to self-repair damaged areas and reform during processing. This dual-dynamic
bond system endows the material with both excellent thermal stability and the ability for
molecular-level self-organization and reconstruction, thus achieving a balance between

high performance and sustainability.

Background & Context

The escalating problem of plastic waste, particularly from difficult-to-recycle high-
performance composites, poses a severe challenge to sustainability. Traditional
thermosetting plastics, once cured, cannot be reprocessed or recycled. Vitrimers,
however, have emerged as 'smart polymers' that can be reprocessed and reshaped
when heated, offering a promising solution. The bio-based DGFB-x vitrimers developed
in this study reduce reliance on petroleum-derived materials while demonstrating
excellent mechanical properties and circularity. This positions them as a leading
candidate for next-generation sustainable material solutions in sectors such as

aerospace, automotive, and electronics.



Strategic Significance & Outlook

The DGFB-x series of bio-based epoxy vitrimers holds substantial potential to contribute
significantly to the realization of a circular economy. Its self-healing capabilities extend
product lifespan, reprocessability reduces manufacturing waste, and efficient chemical
recycling facilitates effective resource utilization. The successful recycling of carbon fiber
composites is particularly crucial for enhancing the sustainability of high-value composite
materials found in aircraft and wind turbine blades. Future efforts will focus on scaling up
material production, evaluating performance across diverse application areas, and
optimizing cost-effectiveness to accelerate the practical implementation and market

adoption of this innovative material.

Source: https://www.frontiersin.org/journals/materials/articles/10.3389/fmats.2026.1945972/full
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#11 USA Rare Earth: Quantum computing for 100x
separation efficiency

Published September 18, 2026 Mugglehead USA

| OVERVIEW

USA Rare Earth has forged a strategic partnership to revolutionize rare earth element
separation using quantum computing, aiming for up to 100 times greater efficiency.
The collaboration leverages quantum machine learning to identify promising
molecular candidates for separation, which are then validated through actual
chemical experiments in Riven's automated laboratories. This innovative approach
focuses on improving the chemistry of separation steps crucial for permanent magnet
production, significantly reducing cost and environmental impact while bolstering

supply chain resilience.



| IN DEPTH

Key Findings

USA Rare Earth has announced a pivotal partnership to integrate quantum computing
into its rare earth element separation processes, anticipating an efficiency improvement
of up to 100-fold. This groundbreaking initiative employs quantum machine learning to
swiftly identify highly effective molecules for separation, followed by physical validation in
Riven's automated laboratories. This development marks a significant leap towards more

efficient, cost-effective, and environmentally sustainable rare earth production.

Technical / Clinical Details

The separation of rare earth elements (REESs) is notoriously challenging due to their
similar chemical properties, making traditional methods resource-intensive and costly.
The new methodology harnesses the immense computational power of quantum
computing to model molecular interactions with unprecedented accuracy. Specifically,
quantum machine learning algorithms will explore vast chemical design spaces to
predict molecular structures that can selectively bind with or react to specific REEs. This
drastically reduces the number of costly and time-consuming 'wet lab' experiments.
Molecules identified as promising by the quantum models are then transferred to Riven's
Al-driven automated laboratories. Here, robotic systems perform rapid, high-throughput
chemical experiments with minimal material usage, precisely testing the candidates'
actual separation capabilities. This hybrid digital-to-physical approach dramatically
compresses the discovery and optimization cycle for REE separation agents. The
primary focus is on improving the chemical processes required to isolate critical REEs
like neodymium, praseodymium, and dysprosium, which are essential for manufacturing
high-performance permanent magnets used in electric vehicles and advanced

electronics.



Background & Context

Rare earth elements are foundational to modern high-tech industries, powering
everything from electric vehicle motors and wind turbines to smartphones and advanced
defense systems. The current global supply chain for REEs is concentrated, leading to
geopolitical vulnerabilities and calls for increased domestic production in countries like
the United States. Furthermore, traditional REE separation techniques are energy-
intensive and generate significant waste, posing environmental challenges. The
integration of quantum computing offers a potent solution to these issues. By
dramatically increasing efficiency, the technology promises to lower operational costs,
reduce the environmental footprint, and contribute to the establishment of a more secure
and diversified REE supply chain. The strategic importance of strengthening domestic
REE production capacity cannot be overstated, aligning with national security and

economic independence goals.

Strategic Significance & Outlook

This initiative by USA Rare Earth demonstrates the growing commercial viability of
quantum computing in materials science and mining. Should this technology prove
scalable, it could be extended beyond REEs to other critical mineral separations and
complex chemical mixtures. An efficiency gain of up to 100x would be a disruptive force
in the rare earth market, fundamentally altering cost structures and competitive
landscapes. The immediate focus will be on scaling this technology from laboratory
validation to full-scale commercial deployment. The emphasis on environmentally
friendly and resource-efficient separation also makes this a compelling proposition from
an ESG (Environmental, Social, and Governance) investment perspective, attracting
capital and talent committed to sustainable industrial practices. This could reposition

USA Rare Earth as a leader in sustainable and secure REE production.

Source: https://mugglehead.com/usa-rare-earth-taps-quantum-computing-to-improve-rare-earth-
separation/
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#12 VCSEL: Metasurface integration for Ising machine
accuracy specs
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| OVERVIEW

A metasurface-integrated Vertical Cavity Surface Emitting Laser (VCSEL) has been
designed for precise polarization control in optical Ising machines, demonstrating the
potential to more than double computational accuracy. By incorporating a
metasurface into the top mirror, the device compensates for birefringence induced by
VCSEL anisotropy, allowing direct and fine control over polarization states. This
breakthrough significantly accelerates the solution of complex optimization problems

in all-optical computing, representing a crucial step towards practical Ising machines.



| IN DEPTH

Key Findings

Researchers have proposed a novel metasurface-integrated Vertical Cavity Surface
Emitting Laser (VCSEL) specifically engineered for polarization control within optical
Ising machines. This innovative design offers the potential to more than double the
computational accuracy of these machines, marking a significant advancement for all-

optical computing by enabling more precise and stable problem-solving capabilities.

Technical / Clinical Details

The core of this breakthrough lies in the direct integration of a nanostructured
metasurface into the top mirror of the VCSEL. VCSELSs typically suffer from intrinsic
birefringence, an optical anisotropy that causes the refractive index to vary with the
polarization direction of light. This unwanted effect can destabilize the polarization state
of the emitted light, directly impacting the precision and reliability of computations in
optical Ising machines. The research team meticulously designed the geometry of the
metasurface's nanopillars—their shape, size, and arrangement—to generate a
birefringence that precisely counteracts the VCSEL's inherent birefringence. This
enables direct and fine-tuned control over the polarization state of the light emitted by
the VCSEL. Initial simulations and experimental validations have demonstrated that this
integrated VCSEL can improve the computational accuracy of optical Ising machines by
over twofold, a critical metric for their practical utility in solving complex optimization

problems.



Background & Context

Optical Ising machines are classical computing paradigms inspired by quantum
annealing, designed to tackle computationally intensive optimization problems such as
the Traveling Salesperson Problem or material design. While traditional electronic
computers struggle with the combinatorial explosion of such problems, optical Ising
machines leverage the parallel interactions of photons to achieve potentially dramatic
speedups. However, a major hurdle for their practical implementation has been the need
for stable and precisely controlled optical components, particularly regarding light
polarization. VCSELs are ideal light sources for these machines due to their low power
consumption, compact size, and high efficiency, but their inherent polarization instability
has been a bottleneck. This metasurface-integrated VCSEL directly addresses this long-
standing challenge, bringing optical Ising machine performance closer to real-world

applicability.

Strategic Significance & Outlook

The introduction of this metasurface-integrated VCSEL is poised to have a profound
impact on the field of all-optical computing and, specifically, optical Ising machines. A
greater than twofold improvement in computational accuracy will enable these machines
to tackle larger and more intricate optimization problems, accelerating applications
across diverse industries including pharmaceuticals, finance, logistics, and artificial
intelligence. The next steps will involve further miniaturization, integration into more
complex photonic circuits, and scaling up manufacturing processes for commercial
viability. Furthermore, this technology could find applications in other all-optical devices
and quantum photonics systems, laying an important foundation for the realization of
next-generation computing powered by light. This marks a substantial step in the global

race for post-silicon computing solutions.

Source: https://arxiv.org/html/2609.21331v1
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