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This Week in 90 Seconds

EXECUTIVE SUMMARY

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

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

decisions.

SIGNAL 01 | COMPOSITION

Cryogenic Metals: PolyU's NCl and HNO
Strategies for 77 K Use

Researchers at The Hong Kong Polytechnic University have

developed two novel metallic materials that overcome "cold
brittleness" at 77 K (-196°C).

SIGNAL 02 | FUNCTIONAL PROPERTY
Biohybrid Mesh Harvester: Human Heart
Cell Power Generation Specs

Researchers from UMass Amherst and the University of
Connecticut developed an ultrathin piezoelectric mesh that
integrates with human cardiomyocytes to harvest electricity
from heartbeats.

SIGNAL 03 | PROCESSING

High-Entropy Alloys: Magnetic-Field-Anne
aling for -72.30 dB Absorption

Researchers from Beijing Institute of Technology and
Southeast University have developed high-entropy alloy

(HEA) nanoparticles that achieve a reflection loss of -72.30 dB
at a thickness of 1.59 mm.

SIGNAL 04 | DEVICE INTEGRATION
AlCoCrFeNi(CuTiZr) HEA: Phase
Arrangement vs Oxidation Rate

Phase morphology alone can alter the oxidation rate of a
dual-phase AlCoCrFeNi(CuTiZr) high-entropy alloy by nearly
fourfold, independent of chemical composition.

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

SOURCE-BOUND CONDITION
Researchers from Beijing Institute of Technology and Southeast University have developed
high-entropy alloy (HEA) nanoparticles that achieve a reflection loss of -72.30 dB at a

1.59 mm

Al5
SOURCE-BOUND CONDITION

1270 nm The device achieves a hue variation of 167.2 degrees in the visible range and a 38 percent
Al6 reflectance change at 1270 nm, enabling simultaneous information delivery to humans and

90.2%

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

thickness of 1.59 mm.

SOURCE-BOUND CONDITION
Researchers from the Harbin Institute of Technology have developed a 24 mm thick
multifunctional metamaterial inspired by butterfly wing structures.

robotic sensors.

SOURCE-BOUND CONDITION
Researchers have developed a biochar-graphene hybrid from mixed food waste that stores
heat via phase-change materials with up to 90.2% latent heat retention after 1,000 cycles.

SOURCE-BOUND CONDITION
A CO2-derived vitrimer matrix achieves tensile strength (495 MPa) comparable to
conventional epoxy (514 MPa) in carbon fiber composites while enabling recyclability.

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

Researchers at The
Hong Kong Polytechni
¢ University have
developed two novel
metallic materials that
overcome "cold.

Functional
property
P02/PO7

Researchers from
UMass Amherst and
the University of
Connecticut developed
an ultrathin
piezoelectric mesh
that integrates.

Processing
P03/P08

Researchers from
Beijing Institute of
Technology and
Southeast University
have developed
high-entropy alloy
(HEA).

Device integr
ation
P04/P09

Phase morphology
alone can alter the
oxidation rate of a
dual-phase AlCoCrFeNi
(CuTiZr) high-entropy
alloy by nearly
fourfold.

Market adopt
ion

P05/P10

A CO2-derived vitrimer
matrix achieves
tensile strength (495
MPa) comparable to
conventional epoxy
(514 MPa) in carbon
fiber.

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

Cryogenic Metals: PolyU's NCI and
Next decision locus (categories) HNO Strategies for 77 K Use

Tech / process | cue: no
system/business cue

Biohybrid Mesh Harvester: Human
Heart Cell Power Generation Specs
System / adoption | cue: integrates

Business / rules @ PO3 ngh—En.tro.py Alloys: .
Magnetic-Field-Annealing for -72.30

dB Absorption
System / adoption | cue: order

P02

AlCoCrFeNi(CuTiZr) HEA: Phase
Arrangement vs Oxidation Rate
Tech / process | cue: no
system/business cue

P04

CO2-derived Vitrimer Epoxy: Tensile
Strength and Recycling vs Epoxy

@ Business / rules | cue: standard
System / adoption @ @

Bio-inspired Metamaterial:
P08 Multifunctional Radar and Noise
Shield
Tech / process | cue: no
system/business cue

P05

Hybrid Silicone Sealant: 60-Minute
Fire Resistance Specs

Tech / process | cue: no
system/business cue

Heterogeneous Metalens Arrays:
@ @ F08 Widening XR Light-Field Displ
Tech / process @ idening ight-Fie isplays

PO7

System / adoption | cue: system

Dual-Band Electrochromic Display:
Visible and NIR Vision Specs

Tech / process | cue: no
system/business cue

Food-Waste Biochar-Graphene
Hybrid: Heat Storage Specs and
Performance

System / adoption | cue: system

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 | Pilot

FACT
Researchers at The Hong Kong Polytechnic University have

developed two novel metallic materials that overcome "cold
brittleness" at 77 K (-196°C). These materials achieve
record-setting combinations of strength, ductility, and
toughness through nanoscale interface and
nano-architecture strategies.

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.

Cryogenic Metals: PolyU's NCl and HNO Strategies for 77 K Use

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 2/5 | DECISION LOCUS: TECH / PROCESS

Al1 | Functional property | Pilot

FACT
Researchers from UMass Amherst and the University of

Connecticut developed an ultrathin piezoelectric mesh that
integrates with human cardiomyocytes to harvest electricity
from heartbeats. By embedding the generator within the
tissue rather than attaching it to the surface, the team
achieved higher output density. This in vitro proof of
concept addresses the battery-life limitations of
implantable medical 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.

P02 Biohybrid Mesh Harvester: Human Heart Cell Power Generation 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 P02.

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 03-04

FACT / READ / ACTION / UNKNOWN

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

A15 | Processing | Product adoption

FACT
Researchers from Beijing Institute of Technology and

Southeast University have developed high-entropy alloy
(HEA) nanoparticles that achieve a reflection loss of -72.30
dB at a thickness of 1.59 mm. By combining rapid Joule
heating with magnetic-field annealing, the team induced
short-range order (SRO) to optimize electromagnetic
response for low-frequency absorption.

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.

“ High-Entropy Alloys: Magnetic-Field-Annealing for -72.30 dB Absorption

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 4/5 | DECISION LOCUS: SYSTEM / ADOPTION

A06 | Device integration | Research

FACT
Phase morphology alone can alter the oxidation rate of a

dual-phase AlCoCrFeNi(CuTiZr) high-entropy alloy by nearly
fourfold, independent of chemical composition. This finding
establishes phase arrangement as a controllable design
parameter for enhancing high-temperature oxidation
resistance.

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.

AlCoCrFeNi(CuTiZr) HEA: Phase Arrangement vs Oxidation Rate

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 1/5 | 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 | Research

FACT
A CO2-derived vitrimer matrix achieves tensile strength (495

MPa) comparable to conventional epoxy (514 MPa) in
carbon fiber composites while enabling recyclability.
Although flexural performance and thermal stability are
lower than standard epoxy, the material allows for
reprocessing without destroying the carbon fiber
reinforcement. This provides a sustainable alternative for
high-performance structural 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.

CO2-derived Vitrimer Epoxy: Tensile Strength and Recycling vs Epoxy

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 1/5 | DECISION LOCUS: BUSINESS / RULES

A12 | Composition | Pilot

FACT
Researchers from the Harbin Institute of Technology have

developed a 24 mm thick multifunctional metamaterial
inspired by butterfly wing structures. The material
simultaneously provides high mechanical strength, absorbs
over 90% of radar waves across a wide spectrum, and
captures 90% of low-frequency noise.

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 Bio-inspired Metamaterial: Multifunctional Radar and Noise Shield

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.

A17 | Functional property | Research

FACT
A modified silicone sealant incorporating silica aerogel and

nanographene flakes has demonstrated the ability to satisfy
integrity and insulation criteria for over 60 minutes in fire
resistance testing. This formulation overcomes the
traditional trade-off between fire performance and the
mechanical elasticity required for building joints.

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 Hybrid Silicone Sealant: 60-Minute Fire Resistance 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 P07.

UNKNOWN

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

EDITORIAL SCORE 19/25 | MATURITY 1/5 | DECISION LOCUS: TECH / PROCESS

AO0T | Processing | Pilot

FACT
Researchers have developed a heterogeneous metalens

array that enables a light-field near-eye display with a
50-degree field of view, approximately four times that of
conventional 13-degree displays. By customizing sub-lenses
for specific field-of-view regions, the system eliminates
vergence-accommodation conflict (VAC) while maintaining
imaging quality near the diffraction limit.

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 Heterogeneous Metalens Arrays: Widening XR Light-Field Displays

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: SYSTEM / ADOPTION
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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.

A16 | Device integration | Pilot

FACT
Researchers have developed a flexible reflective display that

simultaneously modulates visible and near-infrared (NIR)
light within a single active layer. The device achieves a hue
variation of 167.2 degrees in the visible range and a 38
percent reflectance change at 1270 nm, enabling
simultaneous information delivery to humans and robotic
Sensors.

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 Dual-Band Electrochromic Display: Visible and NIR Vision 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 P09.

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

A10 | Market adoption | Pilot

FACT
Researchers have developed a biochar-graphene hybrid

from mixed food waste that stores heat via phase-change
materials with up to 90.2% latent heat retention after 1,000
cycles. The composite addresses leakage and slow heat
transfer in organic paraffins, offering a sustainable
alternative for ventilation system thermal management.
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 Food-Waste Biochar-Graphene Hybrid: Heat Storage Specs and Performance

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: SYSTEM / ADOPTION
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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 1/2

ANALYZED ARTICLES | ITEMS 01-09

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

Cryogenic Metals: PolyU's NCl and HNO Strategies for 77 K Use

Hafnium Oxide: Phonon-Pair Condensation and Domain Wall
Stability

PUU Anti-Icing Coating: 2 kPa Ice Adhesion for Cold-Region
Dams

S4 Terahertz Metasurface: Robust Quasi-BICs and Fabrication
Specs

CO2-derived Vitrimer Epoxy: Tensile Strength and Recycling vs
Epoxy
AlCoCrFeNi(CuTiZr) HEA: Phase Arrangement vs Oxidation

Rate

Heterogeneous Metalens Arrays: Widening XR Light-Field
Displays

Germanium-Telluride: Single Material for Memory and Selector

TiO2@Si02/Chitosan Coating: Room-Temperature Egg
Preservation
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FULL TITLES / FULL SOURCE URLS

https://www.miragenews.com/polyu-scholar-develops-cryogenic-metals
-t0-1768897/

https://en.sedaily.com/technology/2026/10/28/korean-team-explains-ho
w-hafnium-oxide-forms-atom-thin

https://www.european-coatings.com/news/coatings-technologies/puu-c
oating-cuts-ice-adhesion-to-2-kpa-for-cold-region-dams/

https://www.miragenews.com/s4-terahertz-metasurface-creates-robust-
quasi-1765735/

https://bioengineer.org/co2-derived-vitrimer-epoxy-matches-convention
al-carbon-fiber-composites-in-tensile-strength-while-adding-recyclabilit
y/

https://bioengineer.org/phase-arrangement-alone-changes-oxidation-ra
te-of-a-high-entropy-alloy-by-nearly-fourfold/

https://bioengineer.org/heterogeneous-metalens-array-widens-light-fiel
d-xr-displays/

https://bioengineer.org/single-germanium-telluride-material-yields-both
-memory-cell-and-selector/

https://bioengineer.org/fluorine-free-superhydrophobic-coating-keeps-e
ggs-fresher-at-room-temperature/
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Analyzed Articles 2/2

ANALYZED ARTICLES | ITEMS 10-17

FULL TITLES / FULL SOURCE URLS

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

Food-Waste Biochar-Graphene Hybrid: Heat Storage Specs

Al10
and Performance

All Biohybrid Mesh Harvester: Human Heart Cell Power
Generation Specs
Bio-inspired Metamaterial: Multifunctional Radar and Noise

Al2 .
Shield

Al3 Proterial and FEV: Amorphous-Alloy EV Motor Simulation
Specs

Al4 Altermagnetism: SLAC's experimental proof of a third
magnetic phase

Al5 High-Entropy Alloys: Magnetic-Field-Annealing for -72.30 dB
Absorption

Al6 Dual-Band Electrochromic Display: Visible and NIR Vision
Specs

AlT Hybrid Silicone Sealant: 60-Minute Fire Resistance Specs
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https://bioengineer.org/food-waste-biochar-turned-graphene-hybrid-sto
res-heat-and-manages-moisture/

https://xenospectrum.com/en/biohybrid-mesh-piezoelectric-harvester-u
mass/

https://www.inovacaotecnologica.com.br/noticias/noticia.php?artigo=a
sa-borboleta-supermaterial

https://chargedevs.com/newswire/proterial-and-fev-simulate-an-amorp
hous-alloy-ev-traction-motor-without-heavy-rare-earths/

https://www.newswise.com/articles/slac-researchers-find-proof-of-alter
magnetism-a-new-magnetic-phase/?ad2f=1&aid=857669
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#01 Cryogenic Metals: PolyU's NCI and HNO Strategies

for 77 K Use

Published October 30, 2026 Mirage News (PolyU) China

| OVERVIEW

Researchers at The Hong Kong Polytechnic University have developed two novel
metallic materials that overcome "cold brittleness" at 77 K (-196°C). These materials
achieve record-setting combinations of strength, ductility, and toughness through

nanoscale interface and nano-architecture strategies.



| IN DEPTH

Key Findings

Prof. Zibin Chen and his team at The Hong Kong Polytechnic University (PolyU) have
developed two breakthroughs in cryogenic materials published in Nature
Communications. The first, a multi-principal element alloy (MPEA) using a "Negative-
Curvature Interface" (NCI) strategy, achieves a yield strength of approximately 1.30
GPa, an ultimate tensile strength of approximately 1.80 GPa, a tensile ductility of 50%,
and a fracture toughness of approximately 213 MPa-m'/2. The second breakthrough
utilizes a "hierarchical nano-orderings" (HNOs) architecture in a NiCoCr-based alloy,
delivering a yield strength of approximately 2.0 GPa, an ultimate tensile strength of
approximately 2.4 GPa, and a uniform tensile ductility of 22% at liquid-nitrogen

temperatures.

Technical Details

The NCI strategy involves adjusting the surface geometry of nanoscale particles within a
NiCoCr-AlTa alloy. By constructing NCls on coherent nanoprecipitates, the team created
curved interfaces that influence internal structural response. Under load, this triggers the
dynamic formation of partial dislocations and hierarchical stacking faults (SFs), which

enhance strain-hardening capacity and damage tolerance. This MPEA can be produced

via conventional smelting, rolling, and short-term ageing.

The HNOs strategy integrates additive manufacturing (3D printing) with tailored post-
processing. This architecture sequentially activates dislocation sources to enable

cooperative strain-hardening, allowing the material to increase in strength as it deforms.

Background & Context

Traditional alloys typically face a trade-off between strength, ductility, and toughness at
ultralow temperatures. While metals may gain strength, they often become brittle and
prone to sudden fracture—a phenomenon known as "cold brittleness" that has

historically hindered deep-sea and deep-space exploration.



Significance & Outlook

The NCI strategy is applicable across various precipitation-hardened systems, including
aluminum alloys, age-hardening steels, and superalloys. PolyU intends to validate
industrial-scale samples for the NCI material with a goal of commercial application within
ten years. For the HNOs-based alloy, the team targets commercial deployment within

the next five years.

Source: https://www.miragenews.com/polyu-scholar-develops-cryogenic-metals-to-1768897/
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#02 Hafnium Oxide: Phonon-Pair Condensation and
Domain Wall Stability

Published October 28, 2026  Seoul Economic Daily (English) South Korea

| OVERVIEW

Researchers from UNIST and POSTECH have identified a "phonon-pair
condensation” mechanism that allows hafnium oxide (HfO,) to form stable, atom-thin
domain walls. This discovery enables the creation of ultra-dense, low-power
nonvolatile memory by eliminating the unstable buffer zones typically required

between polarization regions.



| IN DEPTH

Key Findings

A joint research team from the Ulsan National Institute of Science and Technology
(UNIST) and Pohang University of Science and Technology (POSTECH) has uncovered
the mechanism behind the formation of atomically thin and stable boundaries, known as
domain walls, in hafnium oxide (HfO,). The team identified a process called "phonon-pair
condensation," which allows the material to maintain its crystal symmetry even at

boundaries where electrical polarization reverses by 180 degrees.

Technical Details

In conventional ferroelectrics, the primary phonon mode responsible for polarization is

suppressed at the domain wall, which disrupts the crystal structure and necessitates an
unstable buffer zone several atomic layers thick. In contrast, the researchers found that
in HfO,, two phonon modes at opposite ends of a single phonon band couple as a pair.

When one mode weakens at the boundary, the other emerges to fill the gap.

This complementary relationship ensures that the crystal symmetry found in the
surrounding bulk (Pca2)) is preserved. Consequently, "bulk-like domain walls" form
without additional energy consumption or structural collapse. The team verified these

findings through:

» Density functional theory (DFT) calculations to predict domain wall stability and

atomic movement paths.

o Annular bright-field scanning transmission electron microscopy (ABF-STEM) to image

the actual arrangement, direction, and displacement of oxygen atoms.

Background & Context

Hafnium oxide is a material for next-generation nonvolatile memory. Ferroelectric
materials like HfO, store information (0 and 1) by changing the direction of internal
electrical polarization in response to an external electric field, retaining this state without
power. The density of such memory depends on how many "domains" (regions of the
same polarization) can be packed into a limited area, which is limited by the thickness

and stability of the domain walls.



Significance & Outlook

Because hafnium oxide is compatible with existing semiconductor processes and
maintains ferroelectricity in very thin films, this discovery provides a foundation for
designing ultra-dense, low-power memory. By narrowing the spacing between domain
walls while maintaining stability, the industry can increase the storage density of next-

generation semiconductor devices.

Source: https://en.sedaily.com/technology/2026/10/28/korean-team-explains-how-hafnium-oxide-forms-

atom-thin

Collected: October 31, 2026 | Automated Research System (Al)
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#03 PUU Anti-lcing Coating: 2 kPa Ice Adhesion for
Cold-Region Dams

Published October 26, 2026  European Coatings

| OVERVIEW

Researchers have developed a bilayer polyurethane-urea (PUU) coating that reduces
ice shear strength to 2 kPa at —20 °C. The hydrophilic surface provides a passive

solution to prevent ice-pullout damage on hydraulic concrete dams in cold regions.



| IN DEPTH

Key Findings

The developed bilayer polyurethane-urea (PUU) coating, specifically the BS750
formulation, achieves an ultra-low ice shear strength of 2 kPa at —20 °C. As
temperatures decrease to —40 °C, the ice shear strength rises to 11 kPa. The coating
demonstrates high durability, maintaining stable ice shear strength below 10 kPa across
icing/de-icing cycles even after exposure to UV ageing, heating, freezing, sandpaper

wear, and falling-sand abrasion.

Technical Details

The coating consists of two distinct layers:

o Base Layer: Composed of polyaspartic ester (F420), polycaprolactone (PCL) triol,

HDI trimer, and an NCO-terminated prepolymer.

» Hydrophilic Surface Layer: Formed by grafting and crosslinking methoxy
poly(ethylene glycol) (MPEG), polyethylene glycol (PEG), polypropylene glycol
(PPG), glycerol, and HDI trimer onto the base.

SEM analysis indicates the presence of ridge-like bulges on the surface, which are more
prominent and densely packed in the BS750 formulation. DSC analysis revealed an
endothermic peak at —22.5 °C, indicating a phase change of bound water. This unfrozen
bound water or loose ice at the interface creates a lubricating hydration layer, allowing

ice to detach under natural forces such as wind or gravity.

Background & Context

Hydraulic concrete dams in cold regions face structural damage from ice-pullout loads
on thermal insulation layers. Previous passive anti-icing methods, such as
superhydrophobic coatings and lubricant-infused surfaces, have proven insufficient due
to lubricant depletion, environmental concerns regarding fluorinated materials, or loss of
ice-phobicity in static, high-humidity environments. The PUU coating addresses these
issues by utilizing a hydrophilic surface layer rather than distributing hydrophilic

components throughout the entire matrix.



Significance & Outlook

By combining mechanical durability with ultra-low ice adhesion and avoiding the use of
leachable lubricants or fluorinated materials, this bilayer PUU coating offers a
sustainable passive anti-icing solution. It addresses a long-standing engineering
challenge regarding the protection of insulating layers in cold-climate hydraulic

infrastructure.

Source: https://www.european-coatings.com/news/coatings-technologies/puu-coating-cuts-ice-adhesion-

to-2-kpa-for-cold-region-dams/
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#04 S4 Terahertz Metasurface: Robust Quasi-BICs and

Fabrication Specs

Published October 24, 2026 Mirage News (Science China Press)

| OVERVIEW

Researchers have developed a bilayer terahertz metasurface based on S4 point-
group symmetry that creates robust quasi-bound states in the continuum (QBICs).
The architecture maintains Q-factors above 1022 and resonance frequency shifts
below 0.01 THz even with lateral displacement errors up to 42 um. This design

significantly relaxes fabrication precision requirements for high-Q resonance devices.



| IN DEPTH

Key Findings

The proposed bilayer terahertz metasurface achieves high-Q resonance characteristics
with exceptional resistance to fabrication defects. Experimental validation using terahertz
time-domain spectroscopy (THz-TDS) on samples with offsets of -15 ym and 20 um
confirmed that the structure maintains double-resonance transmission dips despite
significant interlayer misalignment. Numerical simulations show that within a lateral
displacement range of |Dx| < 42 pm, relative resonance frequency fluctuations remain
under 0.33%.

Technical Details

The design utilizes S4 point-group symmetry, consisting of two identical monolayer
metasurfaces rotated by 90° along the z-axis with broken inversion symmetry. At the I'-
point, the free-space continuum belongs to the two-dimensional degenerate E
representation of S4, while TM1 and TM2 modes correspond to one-dimensional
irreducible representations A and B. This configuration creates two discrete dark modes
(SP-BICs) when upper elliptical cylinders are parallel (8 = 0°). Introducing angular
perturbation transforms these into QBICs, following an inverse-square power law (Q «

a’-2) for Q-factor evolution.

 Symmetry Roles: S4 protects two sets of BIC modes at the overall representation

level, while the C2(z) subgroup independently suppresses radiation within each layer.

» Topological Charges: The two modes exhibit counter-winding polarization

distributions with topological charges V1 =-1 and V2 = +1.

o Multipole Response: QBIC 1 is dominated by magnetic dipole resonance, while

QBIC 2 is dominated by electric quadrupole resonance.

Background & Context

Conventional monolayer metasurfaces with in-plane C2 symmetry are highly sensitive to
wavevector perturbations and fabrication defects, which often lead to severe Q-factor
degradation. While multilayer architectures can introduce out-of-plane degrees of
freedom, they typically require ultra-high-precision nanofabrication to avoid performance

deterioration.



Significance & Outlook

By coupling in-plane rotation with out-of-plane reflection, this S4 symmetry strategy
overcomes the bottleneck of narrow fabrication tolerances. The ability to maintain stable
resonance performance under structural perturbations relaxes the precision

requirements for the production of terahertz lasers, filters, and sensing devices.

Source: https://www.miragenews.com/s4-terahertz-metasurface-creates-robust-quasi-1765735/
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#05 CO2-derived Vitrimer Epoxy: Tensile Strength and
Recycling vs Epoxy

Published October 28, 2026  Bioengineer.org (Journal of Materials Science) USA

| OVERVIEW

A CO2-derived vitrimer matrix achieves tensile strength (495 MPa) comparable to
conventional epoxy (514 MPa) in carbon fiber composites while enabling recyclability.
Although flexural performance and thermal stability are lower than standard epoxy,
the material allows for reprocessing without destroying the carbon fiber

reinforcement. This provides a sustainable alternative for high-performance structural
applications.



| IN DEPTH

Key Findings

The study demonstrates that CO2-derived vitrimer composites can match the tensile
performance of conventional epoxy-based carbon fiber composites. In tensile testing, the
vitrimer composite reached a strength of 495 MPa and a Young’s modulus of 39 GPa,
compared to 514 MPa and 41 GPa for the conventional epoxy. However, a significant
gap exists in flexural strength, where the vitrimer composite recorded 385 MPa against
the epoxy's 667 MPa.

Technical Details

The vitrimer composites were fabricated using hot compression molding. Unlike
traditional thermosets, vitrimers utilize bond exchange reactions to undergo topological
rearrangement, allowing the material to be repaired and reprocessed. Technical analysis

revealed the following:

o Flexural Performance: The vitrimer's flexural modulus was 42 GPa, slightly lower
than the epoxy's 45 GPa. The strength deficit is attributed to matrix softening and

interfacial debonding caused by the bond exchange reactions.

« Thermomechanical Properties: Dynamic mechanical analysis showed a reduced
storage modulus and an earlier onset of the glass transition temperature for the
vitrimer, indicating higher molecular mobility and lower high-temperature structural
stability.

* Fracture Morphology: SEM analysis showed matrix cracking and fiber pull-out in

vitrimer composites, whereas the epoxy composite exhibited brittle failure.

+ Recyclability: Recycled vitrimer composites retained a flexural strength of 256 MPa
and a flexural modulus of 40 GPa. The strength loss was attributed to fiber breakage

during initial failure rather than the reprocessing step.



Background & Context

Carbon fiber-reinforced polymer composites are highly valued for stiffness and strength,

but their thermoset matrices make end-of-life recycling difficult. This research compares

a recyclable vitrimer matrix derived from CO2 against conventional epoxy to determine if
structural performance can be maintained while adding the ability to reprocess the

material.

Significance & Outlook

The results indicate that CO2-derived vitrimers combine mechanical integrity with
reprocessability. While flexural properties and thermomechanical stability currently trail
conventional benchmarks, the potential for cost advantages in recycling extends the

suitability of these materials for high-performance carbon fiber applications.

Source: https://bioengineer.org/co2-derived-vitrimer-epoxy-matches-conventional-carbon-fiber-

composites-in-tensile-strength-while-adding-recyclability/
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#06 AICoCrFeNi(CuTiZr) HEA: Phase Arrangement vs
Oxidation Rate

Published October 27, 2026 BIOENGINEER.ORG USA

| OVERVIEW

Phase morphology alone can alter the oxidation rate of a dual-phase
AlICoCrFeNi(CuTiZr) high-entropy alloy by nearly fourfold, independent of chemical
composition. This finding establishes phase arrangement as a controllable design

parameter for enhancing high-temperature oxidation resistance.



| IN DEPTH

Key Findings

Research published in the Journal of Materials Science demonstrates that the spatial
arrangement of phases in a dual-phase AICoCrFeNi(CuTiZr) high-entropy alloy (HEA)
significantly impacts oxidation rates. At 850 °C, the as-cast material exhibited a parabolic
rate constant of 27.0 x 10-13 g2 cm-4 s-1, while the annealed material recorded 102.0
x 10-13 g2 cm—4 s—1—a difference of 3.8 times. However, at 1050 °C, the system
entered a spallation-dominated regime where mass loss was similar for both conditions,
with cumulative changes of —-51.26 mg/cm2 for as-cast and —55.46 mg/cm2 for annealed

samples after 50 hours.

Technical Details

The study compared as-cast samples with samples annealed at 1100 °C for 50 hours
and water quenched. Both shared identical compositions and phase fractions, consisting
of a Cr—Co—Fe-rich FCC phase and a Ni—Al-Ti-rich B2 phase (the latter including
coherent Cr-rich BCC domains). The annealing process coarsened the lamellar interior

structure, creating a more spatially uniform distribution.

+ Oxidation Architecture: All samples developed a three-layer structure: an outer

oxide, an inner oxide, and a metallic FCC transition layer.

o Oxide Composition: Surfaces were dominated by spinel-structured and Cr203

oxides, with minor Al203 and monoclinic ZrO2.

o Titanium Behavior: At 850 °C, TiO2 rutile peaks were prominent in the outer oxide,
promoting adhesion. At 1050 °C, rutile peaks were suppressed as titanium was

consumed within the inner oxide.

o Subsurface Voids: At 1050 °C, voids extended 100-200 um in as-cast samples and

500-600 uym in annealed samples, linked to a Kirkendall-type mechanism.

Background & Context

AlICoCrFeNi alloys combine the strength of ordered B2 phases with the ductility of FCC
phases. While they tolerate higher Al and Cr concentrations than conventional alloys,
maintaining a dense, adherent scale above 800 °C is difficult. Chromia (Cr203)

becomes volatile as CrO3 near 1000 °C, limiting its effectiveness.



Significance & Outlook

By isolating phase morphology from chemistry and phase fraction, this work identifies
spatial arrangement as an independent design parameter. The results indicate that while
chromium provides a morphology-independent scaffold, the redistribution of other
elements like titanium is temperature-gated, affecting the overall stability of the

protective scale.

Source: https://bioengineer.org/phase-arrangement-alone-changes-oxidation-rate-of-a-high-entropy-alloy-
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#07 Heterogeneous Metalens Arrays: Widening XR

Light-Field Displays

Published October 26, 2026 BIOENGINEER.ORG USA

| OVERVIEW

Researchers have developed a heterogeneous metalens array that enables a light-
field near-eye display with a 50-degree field of view, approximately four times that of
conventional 13-degree displays. By customizing sub-lenses for specific field-of-view
regions, the system eliminates vergence-accommodation conflict (VAC) while

maintaining imaging quality near the diffraction limit.



| IN DEPTH

Key Findings

A new heterogeneous metalens array has expanded the field of view (FOV) for light-field
near-eye displays to 50 degrees, significantly surpassing the 13-degree FOV typical of
conventional light-field displays. The system supports 3D content reconstruction from 10
cm to 70 cm with physically accurate focus and defocus behavior. To support this
hardware, a dedicated distortion-correction algorithm using a nonlinear voxel-to-pixel
mapping look-up table achieved a real-time rendering rate of 140 frames per second on

a laptop with integrated graphics.

Technical Details

Unlike conventional homogeneous microlens arrays where every unit is identical, this
architecture employs customized sub-lenses tailored to their assigned FOV region. Each
unit integrates a focusing phase (acting as a convex lens) and a deflection phase (acting
as a prism). This design decomposes complex off-axis imaging into two simpler

operations: near-axis imaging and linear deflection.

For fabrication, the team utilized a high-refractive-index resist combined with a low-cost,
large-area nanoimprint process. This produced centimeter-scale metalens arrays with a

7:1 aspect ratio, which the researchers indicate reduces barriers to mass production.

Background and Context

Standard near-eye displays based on binocular parallax often cause vergence-
accommodation conflict (VAC), leading to dizziness and visual fatigue. While holographic
and light-field displays can eliminate VAC, they are typically limited by diffraction,
aberrations, and the volume constraints of near-eye devices. Conventional microlens
arrays suffer from severe off-axis aberrations that degrade image quality as the FOV

increases, making correction via multiple lens groups or freeform surfaces impractical.



Significance and Outlook

The heterogeneous approach allows for a wide FOV on a single lightweight optical
element without introducing depth conflicts. While the 50-degree FOV was
experimentally demonstrated, simulations suggest the technology could extend to an 86-
degree FOV—covering the approximately 80-degree extent of human stereoscopic
vision—provided a larger microdisplay is used. This hardware approach offers a path

toward more immersive, fatigue-free extended-reality (XR) devices.

Source: https://bioengineer.org/heterogeneous-metalens-array-widens-light-field-xr-displays/
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#08 Germanium-Telluride: Single Material for Memory

and Selector

Published October 28, 2026  Bioengineer.org (Applied Microscopy) USA

| OVERVIEW

Researchers have developed a monolithic 1S1R cross-point device using a single
binary material, germanium-telluride, where composition determines whether the
layer acts as a memory cell or a selector. The device endured roughly eight million
switching cycles with a stable memory window of about 0.2 volts, potentially reducing

fabrication costs and complexity.



| IN DEPTH

Key Findings

A team reporting in Applied Microscopy has demonstrated that germanium-telluride
(GeTe) can function as both a memory cell and a selector depending on its tellurium
content. By stacking a near-stoichiometric GeTe memory layer on a tellurium-rich GeTe6
selector layer, the researchers created a monolithic one-selector one-resistor (1S1R)
device. This architecture achieved a stable memory window of about 0.2 volts and

survived approximately eight million switching cycles.

Technical Details

The researchers used radio-frequency magnetron co-sputtering to create GexTe1-x thin
films, varying germanium power from 20 to 50 watts while keeping tellurium target power
at 15 watts. This produced compositions ranging from Ge0.11Te0.89 to Ge0.77Te0.23.
The devices featured 20-nanometer-thick functional layers between 100-nanometer-thick
tungsten electrodes, with hole sizes between 34 by 34 nanometers and 1921 by 1921

nanometers.

o Memory Cell: Near-stoichiometric GeTe functioned as a phase-change memory cell.
RESET operations worked with pulse widths from 70 to 300 nanoseconds, while SET
operations stabilized at 150 nanoseconds and above. Standalone cells survived

roughly five million program-erase cycles.

o Selector: Tellurium-rich GeTe6 acted as a bidirectional threshold switch. It
maintained a high-resistance OFF state above one gigaohm and dropped below one
kilohm at one volt when above the threshold. It showed a delay time under 55
nanoseconds and selectivity exceeding ten thousand, surviving one hundred million

cycles.

Chemical analysis via X-ray photoelectron spectroscopy and Raman spectroscopy
revealed that excess tellurium forms homopolar tellurium-tellurium bonds, increasing

localized trap states that enable threshold switching.



Background and Significance

High-density 3D cross-point arrays typically require a nonlinear selector to prevent sneak
currents from corrupting readouts. Traditionally, phase-change memory is paired with an
Ovonic threshold switch, but these usually require different materials and separate
manufacturing optimizations. Using a single binary material allows both layers to be
deposited in one cluster system and patterned in a single monolithic lithographic step,
addressing the physical scaling limits and process difficulties facing charge-based
technologies like DRAM and flash.

Source: https://bioengineer.org/single-germanium-telluride-material-yields-both-memory-cell-and-selector/
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#09 TiO2@SiO2/Chitosan Coating: Room-Temperature
Egg Preservation

Published October 28, 2026 BIOENGINEER.ORG

| OVERVIEW

A fluorine-free, water-based superhydrophobic coating composed of TiO2@SiO2 and
chitosan reduces weight loss and microbial contamination in eggs stored at room
temperature. In a 49-day trial at 25 + 1 °C, coated eggs showed lower weight loss

(8.2%) compared to untreated eggs (10.8%) and maintained higher internal quality.



| IN DEPTH

Key Findings

The TiO2@SiO2/chitosan coating significantly improves the preservation of eggs stored
at room temperature for 49 days. Eggs treated with the water-based H20-
CS/TiO2@SiO2 formulation exhibited a weight loss of approximately 8.2%, whereas
untreated control eggs lost approximately 10.8%. Furthermore, the coating maintained a
Haugh unit of approximately 50.8 at day 49 and delayed changes in the yolk index and

albumen pH.

Technical Details

The coating utilizes TiO2@SiO2 particles as inorganic structural modifiers to create a
rough surface texture, achieving superhydrophobicity without fluorine-containing
additives. Water-repellent performance was validated via static water contact angle

measurements on coated glass:

o Pure chitosan coating: 82.2°
o Ethanol-based formulation (EtOH-CS/TiO2@Si02): 163.8°
o Water-based formulation (H20-CS/TiO2@SiO2): 171.5°

Microbial analysis at day 49 for the H20-CS/TiO2@SiO2 group showed a total viable
count of 157.6 £ 17.3 CFU per egg on the eggshell and 241.1 + 25.6 CFU per egg in the
yolk, indicating reduced contamination compared to untreated eggs. Regarding safety,
the total Ti content in the edible portion of coated eggs was 0.94 + 0.07 mg/kg,
compared to 0.83 £ 0.08 mg/kg in the control group.

Background & Context

Eggs typically lose moisture, quality, and microbial safety rapidly when stored at room
temperature. This research, published in Discover Food, sought to develop a
sustainable, fluorine-free alternative to traditional hydrophobic coatings to slow this

decline.



Significance & Outlook

The study demonstrates that a water-based, fluorine-free superhydrophobic coating can
effectively maintain internal egg quality and reduce microbial risks during a 49-day
storage period at 25 + 1 °C. These findings provide a potential pathway for extending the
shelf life of eggs in environments where refrigeration may be unavailable or impractical,

although the results are limited to the specific conditions and duration tested.

Source: https://bioengineer.org/fluorine-free-superhydrophobic-coating-keeps-eggs-fresher-at-room-

temperature/

Collected: October 31, 2026 | Automated Research System (Al)


https://bioengineer.org/fluorine-free-superhydrophobic-coating-keeps-eggs-fresher-at-room-temperature/
https://bioengineer.org/fluorine-free-superhydrophobic-coating-keeps-eggs-fresher-at-room-temperature/

#10 Food-Waste Biochar-Graphene Hybrid: Heat

Storage Specs and Performance

Published October 29, 2026 BIOENGINEER.ORG USA

| OVERVIEW

Researchers have developed a biochar-graphene hybrid from mixed food waste that
stores heat via phase-change materials with up to 90.2% latent heat retention after
1,000 cycles. The composite addresses leakage and slow heat transfer in organic
paraffins, offering a sustainable alternative for ventilation system thermal

management.



| IN DEPTH

Key Findings

The engineered biochar-graphene hybrid significantly improves the performance of
organic phase-change materials (PCMs). The optimal formulation, FK7G/C22, delivered
a 72.0% increase in latent heat compared to composites made with unmodified biochar.
In durability tests simulating three years of energy-recovery ventilation operation (1,000
heating-cooling cycles), FK7G/C22 retained 90.2% of its latent heat, while FK6G/C22
retained 93.1%. Thermal diffusivity increased by nearly 188.3% compared to pristine
docosane, and the heat storage factor for FK7G/C22 was 38.1% higher than that of the

unmodified biochar composite.

Technical Details

The team produced the hybrid by pyrolyzing mixed food waste at 400 degrees Celsius,
followed by carbonization with potassium hydroxide at 600, 700, or 800 degrees Celsius.
These samples (FK6, FK7, FK8) were coated with a 0.1 weight percent graphene
suspension in ethanol via dip-coating and ultrasonication. The FK7G sample exhibited
the highest performance, with a BET specific surface area of 323.1 square meters per
gram and a total pore volume of 0.582 cubic centimeters per gram. The paraffin
docosane was then encapsulated into these scaffolds via vacuum impregnation at 70

degrees Celsius.

o Thermal Properties: Melting occurred between 47.6 and 48.4 degrees Celsius;

crystallization occurred between 37.5 and 38.3 degrees Celsius.

o Enthalpy: FK7G/C22 reached a melting enthalpy of 93.1 joules per gram, nearly

matching the 95.6 joules per gram of pristine graphene composites.

o Leakage: At 70 degrees Celsius, FK7G/C22 lost only 13.2 + 0.82% of its mass over

180 minutes.



Background & Context

Organic paraffins like docosane are effective for buffering temperature swings in
ventilation systems due to high phase-change enthalpies. However, they typically suffer
from leakage during melting, poor heat conduction, and capacity loss over time. While
porous carbons like graphene can confine these paraffins, production is often energy-
intensive and costly. Biochar provides a high-porosity alternative rich in hydroxyl,
carboxyl, and amine groups, though it historically lacked sufficient energy storage

density.

Significance & Outlook

By integrating small amounts of graphene with food-waste biochar, the researchers
created a graphitic scaffold that functions as an effective heat-transfer network. This
approach allows food-waste materials to substitute for mined graphite-derived graphene
at a fraction of the dosage, providing a scalable method to manage heat and moisture in

ventilation systems.

Source: https://bioengineer.org/food-waste-biochar-turned-graphene-hybrid-stores-heat-and-manages-

moisture/
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#11 Biohybrid Mesh Harvester: Human Heart Cell

Power Generation Specs

Published October 24, 2026  XenoSpectrum USA

| OVERVIEW

Researchers from UMass Amherst and the University of Connecticut developed an
ultrathin piezoelectric mesh that integrates with human cardiomyocytes to harvest
electricity from heartbeats. By embedding the generator within the tissue rather than
attaching it to the surface, the team achieved higher output density. This in vitro proof

of concept addresses the battery-life limitations of implantable medical devices.



| IN DEPTH

Key Findings

The research team developed a biohybrid mesh harvester that integrates piezoelectric
elements directly into cardiac tissue. Unlike conventional surface-mounted generators,
this mesh allows cardiomyocytes to grow through and around the device, transmitting
cell contraction directly into the bending of piezoelectric elements. This structural
redesign increases power generation efficiency by reducing the volume of non-
contributing substrate and improving the transmission of deformation from within the

tissue.

Technical Details

The device consists of a porous, net-like structure measuring 7 mm by 8 mm. It features
16 rows by 4 columns of lead zirconate titanate (PZT) ribbons, with each element
measuring approximately 50 ym wide and 470 um long. Four neighboring elements are
connected in series to form a generation unit. The wiring ribbons are 3.7 ym thick,
comprising a 1.5 ym polyimide (PI) bottom layer, a platinum (Pt) thin-film wiring layer,

and a 2 ym SU-8 insulating protective layer.
+ Bending Stiffness: Approximately 3.42 x 10" N - m?.

e PZT Poling: DC electric field of 150 kV/cm at 150°C.

e Mechanical Performance: In buckling tests with 0.1% strain, PZT elements

produced average open-circuit voltage pulses of 0.49 + 0.011 V.

To ensure biological integration, the mesh was released from a silicon substrate via a
germanium sacrificial layer and treated with poly-D-lysine and Matrigel to facilitate the

adhesion of human embryonic stem cell-derived cardiomyocytes (hESC-CMs).

Background & Context

Current implantable devices, such as pacemakers, rely on chemical batteries that
require surgical replacement. While energy harvesting from heartbeats has been
studied, conventional piezoelectric patches often suffer from stiffness mismatches with

soft biological tissue, which hinders natural movement and limits power extraction.



Significance & Outlook

This work provides an in vitro proof of concept demonstrating that a flexible, embedded
structure can reconcile flexibility with power-generation performance. However, the
researchers noted that the device has not yet been demonstrated inside a living body,

nor has it been proven to replace a pacemaker battery.

Source: https://xenospectrum.com/en/biohybrid-mesh-piezoelectric-harvester-umass/
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#12 Bio-inspired Metamaterial: Multifunctional Radar
and Noise Shield

Published October 28, 2026  Inovacdo Tecnolégica 7= )L

| OVERVIEW

Researchers from the Harbin Institute of Technology have developed a 24 mm thick
multifunctional metamaterial inspired by butterfly wing structures. The material
simultaneously provides high mechanical strength, absorbs over 90% of radar waves

across a wide spectrum, and captures 90% of low-frequency noise.



| IN DEPTH

Key Findings

Jianbin Feng and colleagues at the Harbin Institute of Technology have developed a
multifunctional metamaterial that integrates structural load-bearing capacity,
electromagnetic shielding, and acoustic absorption into a single 24 mm thick structure.
This bio-inspired composite eliminates the need for traditional adhesives and bulky

separate layers of metal frames, electromagnetic coatings, and acoustic foams.

Technical Details

The material utilizes a gyroidal architecture with smoothly arched paths to distribute
force uniformly. This design allows it to absorb 21.9 times more impact energy than a
standard honeycomb structure of the same weight. In testing, a 74g sample supported a

438 kg load on one corner under a 1,750 kg vehicle without cracking.

To achieve electromagnetic and acoustic properties, the team implemented the

following:

» Radar Absorption: The gyroid interior is impregnated with a paste of carbon
nanotubes and carbon black. This creates a conductive labyrinth where incident radar
waves are converted into residual heat. The structure absorbs over 90% of incident

wave power across 93.5% of the 2 to 40 GHz spectrum.

* Noise Reduction: Perforated lids are placed over each cell to create acoustic
resonators. Sound waves enter the cells and dissipate energy through thermoviscous
friction against the gyroid matrix, capturing 90% of sound energy in the 600 to 900 Hz

range.

Background & Context

Material designers have long faced a trade-off between mass and porosity. While high
porosity is required to absorb sound and match electromagnetic impedance, such
structures typically collapse under pressure. Conversely, solid reinforcements reflect
sound and radiation. The researchers solved this by mimicking the microscopic scale
architectures of butterfly and moth wings, which maintain lightness and structural

integrity while attenuating high-frequency sounds.



Significance & Outlook

This metamaterial addresses critical inefficiencies in the construction of aircraft, high-
speed trains, and electric vehicles, where traditional multi-layer shielding adds excessive
weight and is prone to adhesive fatigue. The team has also developed a computerized

system to customize these biomimetic structures for specific industrial applications.

Source: https://www.inovacaotecnologica.com.br/noticias/noticia.php?artigo=asa-borboleta-supermaterial
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#13 Proterial and FEV: Amorphous-Alloy EV Motor

Simulation Specs

Published October 27, 2026 Charged EVs USA

| OVERVIEW

Proterial and FEV have simulated an EV traction motor combining amorphous alloy
cores with heavy-rare-earth-free magnets to increase peak power from 230 kW to
300 kW. The design reduces motor weight by 27% and improves efficiency up to
97.9% on the WLTP Class 3 cycle. This approach addresses resource constraints by

eliminating terbium and dysprosium from the motor's magnets.



| IN DEPTH

Key Findings

Electromagnetic simulations conducted by Proterial and FEV indicate that a traction
motor utilizing amorphous alloy and heavy-rare-earth (HRE)-free magnets can increase
peak power from 230 kW to 300 kW. The simulation shows a 27% reduction in motor
weight and significant efficiency gains: efficiency rises from 95.5% to 97.9% on the
WLTP Class 3 cycle and from 95.3% to 97.4% on the ARTEMIS MW 150 drive cycle.

Technical Details

The simulation compared a reference 230 kW drive unit featuring a silicon steel motor
core against a new concept. To leverage the lower iron loss of the amorphous alloy, the
concept increases the maximum motor speed to 20,000 rpm, up from 14,900 rpm in the
reference model. To maintain equivalent maximum torque and speed during vehicle

operation, the reduction ratio was increased from 10.8 to 14.4.

The conceptual motor incorporates the following specifications:

12 poles (compared to eight in the reference)

72 slots

200 mm stator outer diameter

Active length reduced to 77.1% of the reference length

Background & Context

Amorphous alloy is produced by rapidly cooling molten alloy to create a metal without a
crystalline structure, resulting in lower iron loss than standard electrical steel sheets.
Proterial has implemented a continuous lamination and bonding process to enable the

punching of amorphous alloy ribbons into motor cores.

Additionally, the motor utilizes Proterial’s neodymium sintered magnets which are free of
heavy rare earths such as terbium and dysprosium. These materials are used to mitigate
procurement risks and resource constraints while maintaining high coercivity and high

remanence flux density.



Significance & Outlook

By combining advanced core materials with HRE-free magnets, the simulation
demonstrates a path toward higher power density and efficiency in passenger-car BEVs

without relying on constrained rare earth elements.

Source: https://chargedevs.com/newswire/proterial-and-fev-simulate-an-amorphous-alloy-ev-traction-

motor-without-heavy-rare-earths/
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#14 Altermagnetism: SLAC's experimental proof of a

third magnetic phase

Published October 29, 2026 Newswise (SLAC National Accelerator Laboratory) USA

| OVERVIEW

Researchers led by SLAC have provided conclusive experimental evidence for
altermagnetism, a third magnetic phase that combines properties of ferromagnetism
and antiferromagnetism. By identifying chirality in manganese telluride (MnTe), the
team has validated a theoretical state that could enable advanced quantum

technologies and memory devices.



| IN DEPTH

Key Findings

Ateam led by the U.S. Department of Energy's SLAC National Accelerator Laboratory
has experimentally proven the existence of altermagnetism. The researchers provided
direct evidence of chirality—an asymmetric magnetic structure—within manganese

telluride (MnTe), confirming that this material belongs to the altermagnetic class rather

than being a conventional antiferromagnet.

Technical Details

Altermagnets are characterized by an alternating spin polarization (up-down-up-down),
similar to antiferromagnets. However, they possess a critical geometric difference: the
crystal lattice structure surrounding the "up" spins is rotated relative to the lattice
surrounding the "down" spins. This symmetry break creates a distinct "handedness" or

chirality.

To prove this, the team utilized the European Synchrotron Radiation Facility (ESRF) in
France. They employed highly controlled polarized X-ray beams to test the material's
response. Because chiral materials scatter left-handed polarized X-ray beams differently
than right-handed beams—whereas non-chiral materials scatter both identically—the

team was able to isolate a clear chiral signal in MnTe.

Background & Context

For nearly 90 years, physics recognized only two types of magnetism in materials

without external influence:

+ Ferromagnetism: Electronic spins point in the same direction, creating an

observable magnetic field.

+ Antiferromagnetism: Electronic spins alternate and cancel each other out,

producing no net magnetic effect.

In 2022, the term "altermagnets" was proposed to describe materials that exhibited
features of both, such as the alternating spin configuration of antiferromagnets combined

with the ability to use spin currents typical of ferromagnets.



Significance & Outlook

The experimental confirmation of altermagnetism allows researchers to manipulate
these unique material properties for high-performance applications. Potential use cases
for altermagnetic materials include the development of advanced electronics, data

centers, memory devices, and quantum technologies.

Source: https://www.newswise.com/articles/slac-researchers-find-proof-of-altermagnetism-a-new-
magnetic-phase/?ad2f=1&aid=857669
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#15 High-Entropy Alloys: Magnetic-Field-Annealing for
-72.30 dB Absorption

Published October 26, 2026 #J (EE=SERMAEEA) China

| OVERVIEW

Researchers from Beijing Institute of Technology and Southeast University have
developed high-entropy alloy (HEA) nanoparticles that achieve a reflection loss of
-72.30 dB at a thickness of 1.59 mm. By combining rapid Joule heating with
magnetic-field annealing, the team induced short-range order (SRO) to optimize

electromagnetic response for low-frequency absorption.



| IN DEPTH

Key Findings

The study demonstrates that a FeCoNiCr-based high-entropy alloy (4E5-r), processed
via magnetic-field annealing (MFA), achieves an ultra-strong reflection loss of -72.30 dB
and a maximum effective absorption bandwidth (EABmax) of 4.40 GHz at a thickness of
1.59 mm. The material maintains high thermal stability, with the EABmax retaining
92.7% of its value at 85 °C. These results were validated through integration into flexible

antennas and strain sensors.

Technical Details

The synthesis followed a two-step thermal treatment process:

» Rapid Joule Heating: FeCoNi, FeCoNiCr, and FeCoNiCrCu nanoparticles were
synthesized on graphene oxide at 1800 °C for 500 ms.

o Magnetic-Field Annealing: Samples were annealed at 600 °C for 0.5 h under

magnetic fields of 0, 0.5, or 0.95 T to induce chemical short-range order (SRO).

Analysis revealed that the 0.5 T MFA sample (4E5-r) optimized the balance between
dielectric loss (tande,max 0.651) and magnetic loss (tandm,max 0.154), resulting in an
impedance ratio |Zin/Z0| of 0.9996. Electronic structure calculations and atomic
modeling indicated that Co-centered rearrangement—specifically Co-Co enrichment and
Co-Cr/Co-Fe depletion—drives the redistribution of charge and spin polarization, which

controls the electromagnetic response.

Background & Context

Developing electromagnetic wave absorbers for 5G/6G and radar requires materials that
are thin, heat-resistant, and effective below 6 GHz. Traditional HEA absorbers face three
primary challenges: the "low-frequency dilemma" where long wavelengths require
excessive thickness, the coupling of composition and conductivity, and a lack of

understanding regarding how SRO affects electromagnetic properties.



Significance & Outlook

The research establishes a "composition-process" dependency chain, proving that MFA
can be used as a precise variable to balance microwave responses. Beyond material
synthesis, the team integrated the alloy into a U-shaped microstrip patch antenna (2.0
mm thickness) achieving S11 of -55.882 dB, and developed a metasurface with a
predicted RLmin of -18.55 dB near 4.69 GHz for chip integration and crosstalk

suppression.

Source: https://www.sohu.com/a/1092959957 122940509

Collected: October 31, 2026 | Automated Research System (Al)


https://www.sohu.com/a/1092959957_122940509

#16 Dual-Band Electrochromic Display: Visible and

NIR Vision Specs

Published October 28, 2026  Bioengineer.org (Scienmag) USA

| OVERVIEW

Researchers have developed a flexible reflective display that simultaneously
modulates visible and near-infrared (NIR) light within a single active layer. The device
achieves a hue variation of 167.2 degrees in the visible range and a 38 percent
reflectance change at 1270 nm, enabling simultaneous information delivery to

humans and robotic sensors.



| IN DEPTH

Key Findings

The developed flexible active-matrix electrochromic display enables simultaneous optical
communication for human eyes and machine vision systems. By utilizing a single active
layer, the platform provides high reflectance contrast across two spectral bands. In the
visible spectrum, the device demonstrates a hue variation of 167.2 degrees, while in the
near-infrared (NIR) range, it achieves a reflectance change of 38 percent at 1270 nm.

Switching dynamics are characterized by a rise time of 88 ms and a fall time of 165 ms.

Technical Details

The display architecture combines a conducting polymer, PEDOT:PSS, with an
electrically tunable dual-band Gires-Tournois resonator. The modulation is driven by
electrochemical doping of the PEDOT:PSS, which alters the polymer's complex
refractive index under a low voltage range of —2.0 V to +1.0 V. To demonstrate
scalability, the team fabricated a 4 x 4 active-matrix pixel array on a flexible thin-film

transistor backplane. This array features:
¢ Independent pixel-level control.

» An on—off ratio of approximately 10”6.

o Low off current and high spatial uniformity to suppress pixel crosstalk.

Background and Context

While reflective displays are valued for their ultralow power consumption and

compatibility with wearable platforms, previous dynamically tunable versions, such as
electrophoretic displays, have been limited to the visible spectral range. This limitation
has hindered their reliability in environments where information must be transmitted to

both human observers and robotic sensors under varying illumination conditions.



Significance and Outlook

The integration of visible and NIR modulation into one active layer eliminates the need to
stack separate display mechanisms for each band. The researchers validated the
system through dual-band recognition under bright conditions and robust NIR pattern
recognition in low-light and haze conditions. This low-voltage, flexible platform is
positioned for mixed human-machine viewing scenarios, particularly where NIR sensors

must operate in challenging lighting environments.

Source: https://bioengineer.org/flexible-dual-band-electrochromic-display-delivers-visible-and-near-

infrared-vision/
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#17 Hybrid Silicone Sealant: 60-Minute Fire Resistance
Specs

Published October 29, 2026  Bioengineer.org (Scienmag)

| OVERVIEW

A modified silicone sealant incorporating silica aerogel and nanographene flakes has
demonstrated the ability to satisfy integrity and insulation criteria for over 60 minutes
in fire resistance testing. This formulation overcomes the traditional trade-off between

fire performance and the mechanical elasticity required for building joints.



| IN DEPTH

Key Findings

In standardized fire resistance testing following KS F 2845, a hybrid silicone sealant
maintained stability for over 60 minutes without flame penetration. In contrast, a
conventional control formulation failed after approximately 40 minutes, reaching critical
temperature rise on its unexposed surface at 37 minutes. The optimized formulation
(Group 4) also showed significant mechanical gains, achieving a tensile strength of 41
kgf/cm?>—a 46.43 percent improvement over the control's 28 kgf/cm?>—and an adhesion

strength of 30 kgf/cm?, an increase of approximately 15.38 percent.

Technical Details

The sealant utilizes a sequential composite defense mechanism involving two primary

nanomaterials:

o Silica Aerogel: A nanoporous solid with porosity exceeding 90 percent and thermal
conductivity of approximately 0.013 W/(m-K), which suppresses initial temperature

rise.

 Nanographene Flakes: Two-dimensional platelets that act as physical barriers to

gas and heat migration, promoting a dense char layer to block oxygen ingress.

To prevent agglomeration, researchers used atmospheric-pressure plasma treatment,
followed by immersion of the aerogel in an aqueous ammonium phosphate solution and
the nanographene in a silane emulsion. The formulation also includes boron-treated
titanium for a vitreous protective layer and Pigment Yellow 181 to act as a radical

scavenger.

Background & Context

Conventional fire-resistant sealants typically rely on inorganic fillers like aluminum
hydroxide and iron oxide. While these improve fire performance, they often degrade the
elasticity and adhesion necessary for sealants to withstand long-term aging and daily
building movement. The research, published in Architectural Research by Do Su Yoon,
Kee Sun Park, and Sumin Kim, sought to resolve this trade-off through interfacial control

of nanomaterials.



Significance & Outlook

The hybrid material provides a multi-stage defense: aerogel shields the matrix below 200
°C, aluminum hydroxide releases cooling water vapor above 220 °C, and nanographene
flakes build a char skeleton between 300 and 600 °C. Group 4 retained more than 85
percent of its initial tensile strength after accelerated thermal aging at 200 °C for four

weeks, suggesting high durability for high-rise building joints.

Source: https://bioengineer.org/hybrid-silicone-sealant-withstands-fire-for-over-an-hour-in-building-joints/

Collected: October 31, 2026 | Automated Research System (Al)


https://bioengineer.org/hybrid-silicone-sealant-withstands-fire-for-over-an-hour-in-building-joints/

