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This Week in 90 Seconds

EXECUTIVE SUMMARY

Polymers & Resins: the boundary moved from
isolated claims to qualification evidence

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

decisions.

SIGNAL 01 | MOLECULE & FORMULATION
Henan Huiyang PLA: Ultra-High Molecular
Weight Production Specs

Henan Huiyang Bio-New Materials has achieved stable mass
production of ultra-high molecular weight polylactic acid
(PLA) with a weight-average molecular weight exceeding
300,000.

SIGNAL 02 | MATERIAL PRODUCTION
CO2-Derived Vitrimer Epoxy: Tensile
Strength and Recycling Specs

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

SIGNAL 03 | PROCESSING

Leather Waste Filament: TPU Composite
Limits and 30% Ceiling

Researchers have developed a 3D printing filament by
blending thermoplastic polyurethane (TPU) with ground-up
leather shavings, finding that a 30 percent leather content by
weight is the maximum threshold for printability.

SIGNAL 04 | COMPONENT ADOPTION
Enzyme-Embedded Polyesters: Deep-Sea
Biodegradation Specs 2026

Researchers from the University of Tokyo and partners
developed compostable polyester films embedded with
enzymes that accelerate deep-sea biodegradation by 12 to 80
times.

DECISION

Focus this week's management attention on qualification evidence across formulation,
processing, durability and circularity. Move only when the linked evidence can be
reproduced under your own operating conditions.

THREE MANAGEMENT MOVES

1. Buyers: select applications where performance data can justify qualification effort and switching cost.

2. Suppliers: provide process windows, reliability data, traceability and recovery economics with the material.

3. Executives: track scale, price, long-term reliability, regulation, recyclability and customer 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

Five numbers or evidence anchors that require conditions

40%

9

1.0 milli
on

A06

80 times

A10

86.37%

P05

Al4

HOW TO USE THESE NUMBERS

SOURCE-BOUND CONDITION
This material offers a 40% increase in tensile strength over standard PLA, enabling
expansion into high-end textiles, 3D printing, and medical consumables.

SOURCE-BOUND CONDITION
This provides a high-value recycling pathway for the approximately 1.0 million tons of solid
waste produced annually by the global tanning industry.

SOURCE-BOUND CONDITION
Researchers from the University of Tokyo and partners developed compostable polyester
films embedded with enzymes that accelerate deep-sea biodegradation by 12 to 80 times.

SOURCE-BOUND CONDITION
The process achieved a Faradaic efficiency of 86.37% and demonstrated stability over 300
hours of testing using actual PET waste.

SOURCE-BOUND CONDITION

Researchers at Nanjing Tech University and partners developed a prelithiated
polymer-ceramic electrolyte (PLAP) achieving a room-temperature ionic conductivity of 3.8
X 10-4 S/cm.

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

VALUE CHAIN / EVIDENCE

Where the value chain moved

Each stage combines one leading theme and one supporting theme. The report treats handoffs as evidence transfers,
not decorative arrows.

Molecule &
formulation

P01/P06

Henan Huiyang
Bio-New Materials has
achieved stable mass
production of
ultra-high molecular
weight polylactic acid
(PLA) with.

Material
production

P02/PO7

A CO2-derived vitrimer
matrix for carbon fiber
composites achieves
tensile strength (495
MPa) comparable to
conventional.

Processing
P03/P08

Researchers have
developed a 3D
printing filament by
blending thermoplasti
¢ polyurethane (TPU)
with ground-up
leather.

Component
adoption
P04/P09

Researchers from the
University of Tokyo
and partners
developed compostabl
e polyester films
embedded with
enzymes that.

Recovery &

reuse
P05/P10

Researchers at
Nanjing Tech
University and
partners developed a
prelithiated
polymer-ceramic
electrolyte (PLAP)

achieving a.

EVIDENCE REQUIRED AT EACH HANDOFF

Molecule & formulation to Transfer test conditions, acceptance criteria, failure data, owner and decision date.

Material production Recheck scale, price, long-term reliability, regulation, recyclability and customer

qualification.

Material production to Processing Transfer test conditions, acceptance criteria, failure data, owner and decision date.
Recheck scale, price, long-term reliability, regulation, recyclability and customer

qualification.

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

adoption Recheck scale, price, long-term reliability, regulation, recyclability and customer

qualification.

Component adoption to Recovery Transfer test conditions, acceptance criteria, failure data, owner and decision date.

&reuse Recheck scale, price, long-term reliability, regulation, recyclability and customer

qualification.

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

relevant evidence and documented scale, price, long-term reliability, regulation,
recyclability and customer qualification.
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Priority Map MATURITY / NEXT DECISION LOCUS

Priority map: maturity and next decision locus

PO1 Henan Huiyang PLA: Ultra-High
Next decision locus (categories) Molecular Weight Production Specs
Business / rules | cue: standard

CO2-Derived Vitrimer Epoxy: Tensile
Strength and Recycling Specs
Business / rules | cue: standard

P

(=]
N

PO3 Leather Waste Filament: TPU
: Composite Limits and 30% Ceiling
Business / rules
Tech / process | cue: no
system/business cue

Enzyme-Embedded Polyesters:

P04 ) )
Deep-Sea Biodegradation Specs 2026
System / adoption | cue: partners
PO5 PLAP Electrolyte: Prelithiation for

Fast-Charging Solid-State Batteries
System / adoption | cue: partners

Lithium-Salt-Driven LPP: Recyclable
lon-Conductive Polyesters

System /adoption System / adoption | cue: platform

Polyimide Copper Adhesion: lon

PO7 .
Implantation vs Surface Energy
Tech / process | cue: no
system/business cue

P08 PET Recycling Catalyst: Formate

Production via Ethylene Glycol
Tech / process | cue: no
system/business cue

TiO2@Si02/Chitosan Coating:
Room-Temperature Egg Preservation
System / adoption | cue: trial

Tech / process @ a P08

Boron Nitride Composites: 3D
Printing Heat Flow via Alignment
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.

A09 | Molecule & formulation | Scale-up

FACT
Henan Huiyang Bio-New Materials has achieved stable mass

production of ultra-high molecular weight polylactic acid
(PLA) with a weight-average molecular weight exceeding
300,000. This material offers a 40% increase in tensile
strength over standard PLA, enabling expansion into
high-end textiles, 3D printing, and medical consumables.
WHY IT MATTERS

The decision relevance is qualification evidence across
formulation, processing, durability and circularity. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

P01 Henan Huiyang PLA: Ultra-High Molecular Weight Production Specs

Date not stated

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, provide process windows,
reliability data, traceability and recovery economics with
the material.

ACTION
Within 30 days, select applications where performance data

can justify qualification effort and switching cost; record the
evidence and owner against PO1.

UNKNOWN

Still unproven or incompletely stated: scale, price,
long-term reliability, regulation, recyclability and customer
qualification.

EDITORIAL SCORE 22/25 | MATURITY 5/5 | DECISION LOCUS: BUSINESS / RULES

A02 | Material production | Pilot

FACT
A CO2-derived vitrimer matrix for carbon fiber composites

achieves tensile strength (495 MPa) comparable to
conventional epoxy (514 MPa) while enabling material
recyclability. Although flexural strength and
thermomechanical stability are lower than standard
benchmarks, the system allows for reprocessing without
destroying the carbon fiber reinforcement.

WHY IT MATTERS

The decision relevance is qualification evidence across
formulation, processing, durability and circularity. 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 Specs

Date not stated

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, provide process windows,
reliability data, traceability and recovery economics with
the material.

ACTION
Within 30 days, select applications where performance data

can justify qualification effort and switching cost; record the
evidence and owner against P02.

UNKNOWN

Still unproven or incompletely stated: scale, price,
long-term reliability, regulation, recyclability and customer
qualification.

EDITORIAL SCORE 20/25 | MATURITY 2/5 | DECISION LOCUS: BUSINESS / RULES
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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.

A06 | Processing | Pilot

FACT
Researchers have developed a 3D printing filament by

blending thermoplastic polyurethane (TPU) with ground-up
leather shavings, finding that a 30 percent leather content
by weight is the maximum threshold for printability. Beyond
this limit, the material becomes too brittle for spooling and
printer feeding. This provides a high-value recycling
pathway for the approximately 1.0 million tons of solid
waste produced annually by the global tanning industry.
WHY IT MATTERS

The decision relevance is qualification evidence across
formulation, processing, durability and circularity. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

“ Leather Waste Filament: TPU Composite Limits and 30% Ceiling

Date not stated

BUSINESS READ

For operating companies, compare the reported change
with current qualification, sourcing and product-roadmap
assumptions. For suppliers, provide process windows,
reliability data, traceability and recovery economics with
the material.

ACTION
Within 30 days, select applications where performance data

can justify qualification effort and switching cost; record the
evidence and owner against P03.

UNKNOWN

Still unproven or incompletely stated: scale, price,
long-term reliability, regulation, recyclability and customer
qualification.

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

A10 | Component adoption | Pilot

FACT
Researchers from the University of Tokyo and partners

developed compostable polyester films embedded with
enzymes that accelerate deep-sea biodegradation by 12 to
80 times. While aliphatic polyesters like PBS and PCL nearly
vanished at 757 m within five months, degradation was only
moderate at depths of 5,503 m. This technology provides a "
switching function" that triggers internal breakdown only
upon exposure to water.

WHY IT MATTERS

The decision relevance is qualification evidence across
formulation, processing, durability and circularity. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

P04 Enzyme-Embedded Polyesters: Deep-Sea Biodegradation Specs 2026

Date not stated

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, provide process windows,
reliability data, traceability and recovery economics with
the material.

ACTION
Within 30 days, select applications where performance data

can justify qualification effort and switching cost; record the
evidence and owner against P04.

UNKNOWN
Still unproven or incompletely stated: scale, price,

long-term reliability, regulation, recyclability and customer
qualification.

EDITORIAL SCORE 20/25 | MATURITY 2/5 | DECISION LOCUS: SYSTEM / ADOPTION
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Priority Themes 05-06

FACT / READ / ACTION / UNKNOWN

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

P05 PLAP Electrolyte: Prelithiation for Fast-Charging Solid-State Batteries

Al4 | Recovery & reuse | Pilot

FACT
Researchers at Nanjing Tech University and partners

developed a prelithiated polymer-ceramic electrolyte (PLAP)
achieving a room-temperature ionic conductivity of 3.8 X
10-4 S/cm. By converting terminal hydroxyl groups to
lithium alkoxide, the material overcomes interfacial ion
trapping to enable high-current stability and long-cycle life
in lithium iron phosphate cells.

WHY IT MATTERS

The decision relevance is qualification evidence across
formulation, processing, durability and circularity. 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, provide process windows,
reliability data, traceability and recovery economics with
the material.

ACTION
Within 30 days, select applications where performance data

can justify qualification effort and switching cost; record the
evidence and owner against P05.

UNKNOWN

Still unproven or incompletely stated: scale, price,
long-term reliability, regulation, recyclability and customer
qualification.

EDITORIAL SCORE 20/25 | MATURITY 2/5 | DECISION LOCUS: SYSTEM / ADOPTION

m Lithium-Salt-Driven LPP: Recyclable lon-Conductive Polyesters

Al11 | Molecule & formulation | Pilot

FACT
Researchers from Jilin University developed a

Lithium-Salt-Driven Lewis Pair Polymerization (LPP) strategy
to create ion-conductive polyester elastomers with
room-temperature ionic conductivity up to 10-5 S/cm. The
platform integrates controlled synthesis, ionic functionality,
and closed-loop chemical recycling of both the polymer
matrix and lithium salts.

WHY IT MATTERS
The decision relevance is qualification evidence across

formulation, processing, durability and circularity. 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, provide process windows,
reliability data, traceability and recovery economics with
the material.

ACTION
Within 30 days, select applications where performance data

can justify qualification effort and switching cost; record the
evidence and owner against P06.

UNKNOWN

Still unproven or incompletely stated: scale, price,
long-term reliability, regulation, recyclability and customer
qualification.

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

FACT / READ / ACTION / UNKNOWN

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

PO7

A04 | Material production | Pilot

FACT
Researchers found that copper adhesion to implanted

polyimide varies by more than tenfold despite nearly
identical surface energies. Carbon/nitrogen co-implantation
achieved the highest peel strength of 1.63 N/mm,
demonstrating that chemical reconstruction, not just
wettability or roughness, governs interfacial bonding.

WHY IT MATTERS

The decision relevance is qualification evidence across
formulation, processing, durability and circularity. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

Polyimide Copper Adhesion: lon Implantation vs Surface Energy

Date not stated

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, provide process windows,
reliability data, traceability and recovery economics with
the material.

ACTION
Within 30 days, select applications where performance data

can justify qualification effort and switching cost; record the
evidence and owner against P07.

UNKNOWN

Still unproven or incompletely stated: scale, price,
long-term reliability, regulation, recyclability and customer
qualification.

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

P08
A08 | Processing | Product adoption

FACT
Researchers from South Korea and Taiwan have developed

a ruthenium and nickel oxide catalyst that converts ethylene
glycol from decomposed PET bottles into formate. The
process achieved a Faradaic efficiency of 86.37% and
demonstrated stability over 300 hours of testing using
actual PET waste.

WHY IT MATTERS
The decision relevance is qualification evidence across

formulation, processing, durability and circularity. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

PET Recycling Catalyst: Formate Production via Ethylene Glycol

Date not stated

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, provide process windows,
reliability data, traceability and recovery economics with
the material.

ACTION
Within 30 days, select applications where performance data

can justify qualification effort and switching cost; record the
evidence and owner against P08.

UNKNOWN

Still unproven or incompletely stated: scale, price,
long-term reliability, regulation, recyclability and customer
qualification.

EDITORIAL SCORE 19/25 | MATURITY 4/5 | 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.

A13 | Component adoption | Joint evaluation

FACT
A fluorine-free, water-based superhydrophobic coating

composed of TiO2@Si02 particles 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 and better internal quality
compared to untreated controls. This development offers a
potential method for extending egg shelf life without
refrigeration.

WHY IT MATTERS

The decision relevance is qualification evidence across
formulation, processing, durability and circularity. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

“ TiO2@Si02/Chitosan Coating: Room-Temperature Egg Preservation

Date not stated

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, provide process windows,
reliability data, traceability and recovery economics with
the material.

ACTION
Within 30 days, select applications where performance data

can justify qualification effort and switching cost; record the
evidence and owner against P09.

UNKNOWN

Still unproven or incompletely stated: scale, price,
long-term reliability, regulation, recyclability and customer
qualification.

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

P10
AO05 | Recovery & reuse | Pilot

FACT
Researchers have demonstrated that masked

stereolithography (MSLA) 3D printing can tune heat flow in
boron nitride composites by controlling platelet size and
layer thickness. By reducing layer thickness to 10
micrometers, the team achieved high basal-plane alignment
of BN45 platelets, overcoming the material's inherent
anisotropy. This method allows for the creation of thermally
conductive, electrically insulating materials with predictable
heat-flow directions.

WHY IT MATTERS

The decision relevance is qualification evidence across
formulation, processing, durability and circularity. The
signal should be tested at the application and
operating-system level, not accepted from a headline alone.

Boron Nitride Composites: 3D Printing Heat Flow via Alighment

Date not stated

BUSINESS READ
For operating companies, compare the reported change

with current qualification, sourcing and product-roadmap
assumptions. For suppliers, provide process windows,
reliability data, traceability and recovery economics with
the material.

ACTION
Within 30 days, select applications where performance data

can justify qualification effort and switching cost; record the
evidence and owner against P10.

UNKNOWN
Still unproven or incompletely stated: scale, price,

long-term reliability, regulation, recyclability and customer
qualification.

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

Troy Technical | Polymers & Resins | cutoff 2026-10-30
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Playbook and Roadmap

Playbook and 0-5 year roadmap

Operating companies

Materials, equipment and
technology suppliers

Trading, investment and
legal teams

ROADMAP

select applications where
performance data can
justify qualification effort
and switching cost

provide process windows,
reliability data,
traceability and recovery
economics with the

material

Map scale, price,
long-term reliability,
regulation, recyclability

and customer qualification.

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

Run production-like
qualification with explicit
acceptance and stop
criteria.

Create shared reliability,
process-window and
failure-analysis data with
customers.

Contract for capacity,
quality, change notice,
liability, alternatives and
exit.

OWNERS / GATES / DELIVERABLES

Build a portfolio and
architecture that can
absorb technology and
supplier changes.

Standardize interfaces,
traceability, lifecycle
support and recovery
services.

Diversify regional,
technical and customer
concentration risk.

NOW | 0-30 DAYS

Evidence ledger

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

owner

NOW | 0-30 DAYS

NEXT | 1-12 MONTHS

Risk screen
Owner: Procurement + legal
Deliverable: unknowns, alternatives,

stop

Joint qualification

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

GATE OWNER REQUIRED EVIDENCE NO-GO CONDITION

G1 Evidence Quality

G2 Integration R&D

G3 Commercial Business
G4 Lifecycle Operations

Source, test conditions and reproducibility

Interface, process window and failure analysis

Capacity, total cost, contract and alternatives

Monitoring, maintenance, change notice and exit

Troy Technical | Polymers & Resins | cutoff 2026-10-30
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Cannot meet system
conditions

Economics or supply cannot
be supported

No accountable operating
plan
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Analyzed Articles 1/2 FULL TITLES / FULL SOURCE URLS

ANALYZED ARTICLES | ITEMS 01-08

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

Teijin Solfiga PPS: PFAS-Free Sliding Grades and Specifications  https://www.compositesworld.com/products/teijin-adds-pfas-free-slidin

A01
g-grades-to-solfiga-pps-compounds
AO2 CO2-Derived Vitrimer Epoxy: Tensile Strength and Recycling https://bioengineer.org/co2-derived-vitrimer-epoxy-matches-convention
Specs al-carbon-fiber-composites-in-tensile-strength-while-adding-recyclabilit
y/
AO3 Nano-silver sintering on cyanate ester: Reliability and specs https://doi.org/10.21203/rs.3.rs-11259596/v1
AO4 Polyimide Copper Adhesion: lon Implantation vs Surface https://bioengineer.org/matched-surface-energies-wildly-different-copp
Energy er-adhesion-on-implanted-polyimide/
AO5 Boron Nitride Composites: 3D Printing Heat Flow via https://bioengineer.org/3d-printed-boron-nitride-composites-tune-heat-
Alignment flow-through-platelet-alignment/
AO6 Leather Waste Filament: TPU Composite Limits and 30% https://bioengineer.org/leather-waste-becomes-3d-printing-filament-wit
Ceiling h-a-30-percent-ceiling/
AO7 Veolia and Sumitomo Chemical: Japan's FY2026 Plastic https://www.chemengonline.com/veolia-and-sumitomo-chemical-join-j
Recycling Model apans-plastic-resource-circulation-model-project/
AO8 PET Recycling Catalyst: Formate Production via Ethylene https://inspenet.com/en/news/catalyst-pet-ethylene-glycol-formate/
Glycol
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https://bioengineer.org/co2-derived-vitrimer-epoxy-matches-conventional-carbon-fiber-composites-in-tensile-strength-while-adding-recyclability/
https://bioengineer.org/co2-derived-vitrimer-epoxy-matches-conventional-carbon-fiber-composites-in-tensile-strength-while-adding-recyclability/
https://bioengineer.org/co2-derived-vitrimer-epoxy-matches-conventional-carbon-fiber-composites-in-tensile-strength-while-adding-recyclability/
https://doi.org/10.21203/rs.3.rs-11259596/v1
https://bioengineer.org/matched-surface-energies-wildly-different-copper-adhesion-on-implanted-polyimide/
https://bioengineer.org/matched-surface-energies-wildly-different-copper-adhesion-on-implanted-polyimide/
https://bioengineer.org/3d-printed-boron-nitride-composites-tune-heat-flow-through-platelet-alignment/
https://bioengineer.org/3d-printed-boron-nitride-composites-tune-heat-flow-through-platelet-alignment/
https://bioengineer.org/leather-waste-becomes-3d-printing-filament-with-a-30-percent-ceiling/
https://bioengineer.org/leather-waste-becomes-3d-printing-filament-with-a-30-percent-ceiling/
https://www.chemengonline.com/veolia-and-sumitomo-chemical-join-japans-plastic-resource-circulation-model-project/
https://www.chemengonline.com/veolia-and-sumitomo-chemical-join-japans-plastic-resource-circulation-model-project/
https://inspenet.com/en/news/catalyst-pet-ethylene-glycol-formate/

Analyzed Articles 2/2

ANALYZED ARTICLES | ITEMS 09-16

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

A09

A10

All

Al2

Al3

Al4

Al5

Al6

Henan Huiyang PLA: Ultra-High Molecular Weight Production
Specs

Enzyme-Embedded Polyesters: Deep-Sea Biodegradation
Specs 2026

Lithium-Salt-Driven LPP: Recyclable lon-Conductive
Polyesters

PLA Silicone Additives: Impact Strength and Weathering Specs

TiO2@Si02/Chitosan Coating: Room-Temperature Egg
Preservation

PLAP Electrolyte: Prelithiation for Fast-Charging Solid-State
Batteries

Fe3Si-Carbon Fiber Composites: Rotor Weight Reduction for
SynRM

Recyclable Turbine Blades: Acid-Labile Resin Specs and
Deployment
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FULL TITLES / FULL SOURCE URLS

https://www.sohu.com/a/1094842621_ 121124372

https://www.intelligentliving.co/enzyme-bioplastic-deep-sea-limits/

https://news.qq.com/rain/a/20261029A02VLA00

https://bioengineer.org/silicone-additives-help-brittle-pla-survive-simul
ated-outdoor-aging/

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

https://bioengineer.org/prelithiated-polymer-ceramic-electrolyte-pushe
s-solid-state-batteries-toward-fast-charging/

https://bioengineer.org/fe%e2%82%83si-enhanced-carbon-fiber-compo
site-lightens-synchronous-reluctance-motor-rotors/
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#01 Teijin Solfiga PPS: PFAS-Free Sliding Grades and
Specifications

Published October 23, 2026 CompositesWorld USA

| OVERVIEW

Teijin Ltd. has introduced carbon fiber- and aramid fiber-reinforced grades of its
Solfiga polyphenylene sulfide (PPS) compounds that eliminate intentionally added
PFAS. These materials target wear and friction components in automotive, industrial,

and electronics sectors to balance performance with regulatory compliance.



| IN DEPTH

Key Findings

Teijin Ltd. has expanded its PFAS-free portfolio with new sliding grades of Solfiga, a
family of polyphenylene sulfide (PPS) compounds. These grades are engineered to
provide sliding properties without the use of intentionally added per- and polyfluoroalkyl
substances (PFAS), addressing the need for regulatory compliance in high-friction

applications.

Technical Details

The new Solfiga grades utilize two different reinforcement types to meet specific

mechanical requirements:

o Carbon fiber-reinforced grade: Designed for components operating under high-load

conditions, providing increased strength and rigidity.

« Aramid fiber-reinforced grade: Reduces the coefficient of friction (CoF) by
approximately 70% compared to conventional products that lack sliding agents. Its
flexibility further reduces damage to mating materials and simplifies assembly

adjustments.

Both materials are designed for enhanced wear resistance and extended service life,
with a reduced likelihood of scratching metal components such as aluminum. Teijin can
adjust the amount of fiber reinforcement to formulate the compounds for various

operating conditions.

Background & Context

The target applications for these PPS compounds include gears, actuators, valves, and
seating within the automotive, industrial machinery, and electrical/electronic equipment
sectors. This launch complements Teijin's existing PFAS-free offerings, which include a
polybutylene naphthalate (PBN) resin. The PBN resin is specifically suited for industrial
equipment—such as bearings, gears, and chemical mechanical polishing rings for

semiconductor manufacturing—due to its low extractables and chemical resistance.



Significance & Outlook

By removing intentionally added PFAS while maintaining sliding performance, Teijin
provides a pathway for engineers to maintain technical specifications in wear-resistant
components while adhering to tightening environmental regulations. The ability to vary
reinforcement levels allows for a broad range of application across diverse industrial and

automotive operating environments.

Source: https://www.compositesworld.com/products/teijin-adds-pfas-free-sliding-grades-to-solfiga-pps-

compounds
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#02 CO2-Derived Vitrimer Epoxy: Tensile Strength and
Recycling Specs

Published October 28, 2026 BIOENGINEER.ORG USA

| OVERVIEW

A CO2-derived vitrimer matrix for carbon fiber composites achieves tensile strength
(495 MPa) comparable to conventional epoxy (514 MPa) while enabling material
recyclability. Although flexural strength and thermomechanical stability are lower than

standard benchmarks, the system allows for reprocessing without destroying the

carbon fiber reinforcement.



| IN DEPTH

Key Findings

Research published in the Journal of Materials Science demonstrates that CO2-derived
vitrimer epoxy can match the tensile performance of conventional epoxy in carbon fiber-
reinforced polymer 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
performance: the vitrimer composite recorded a flexural strength of 385 MPa and

modulus of 42 GPa, while the epoxy composite reached 667 MPa and 45 GPa.

Technical Details

The vitrimer composites were fabricated using hot compression molding. The material's
recyclability stems from bond exchange reactions that allow topological rearrangement

while maintaining a crosslinked network. Technical analysis revealed the following:

« Thermomechanical Behavior: Dynamic mechanical analysis showed a reduced
storage modulus and an earlier onset of the glass transition temperature in the

vitrimer, indicating increased molecular mobility and softening at lower temperatures.

o Failure Morphology: SEM analysis of fracture surfaces showed matrix cracking and
fiber pull-out in vitrimer composites, whereas the conventional epoxy exhibited brittle

failure.

* Recycling Performance: Recycled vitrimer/carbon fiber composites retained a
flexural modulus of 40 GPa and a flexural strength of 256 MPa. The authors note that
strength loss was due to fiber breakage during initial failure rather than the

reprocessing step itself.

Background & Context

Carbon fiber-reinforced polymers are valued for stiffness and strength, but traditional
thermoset matrices make end-of-life recycling difficult. Vitrimers address this by
combining the properties of thermosets with the reprocessability of thermoplastics

through their unique bond exchange chemistry.



Significance & Outlook

The study concludes that CO2-derived vitrimer composites combine strong mechanical
integrity with the ability to be repaired and reprocessed. While flexural properties and
thermomechanical stability currently trail conventional epoxy benchmarks, the
combination of performance and recyclability offers potential cost advantages and

extends the suitability of these materials for high-performance applications.

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

composites-in-tensile-strength-while-adding-recyclability/
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#03 Nano-silver sintering on cyanate ester: Reliability

and specs

Published October 23, 2026 Research Square (preprint, Europe PMC)

| OVERVIEW

Low-temperature nano-silver sintering enables the direct bonding of power chips to
fiber-reinforced cyanate ester composite substrates. The joints achieved a maximum
shear strength of 11.5 MPa and maintained 9.3 MPa after 600 hours of high-
temperature aging. This method provides a route for integrating power electronics

with lightweight, thermally stable, and low-dielectric polymer composites.



| IN DEPTH

Key Findings

The study demonstrates that power chips can be directly bonded to non-metallized,
fiber-reinforced cyanate ester composite substrates using low-temperature nano-silver
sintering. The joints reached a maximum shear strength of 11.5 MPa. Long-term
reliability tests showed that after 600 h of high-temperature aging, the shear strength

remained at 9.3 MPa, representing a decrease of approximately 19%.

Technical Details

The sintering process resulted in Ag particles coalescing on the composite surface to
form a mechanically bonded heterogeneous interface. The porosity of the sintered Ag

layer varied based on the applied pressure during the 15 min sintering process:

e At 15 MPa, the porosity was 10.1%.
o At 20 MPa, the porosity decreased to 6.5%.

Analysis of the failure modes revealed a shift over time. Initial failures occurred at the
Ag/composite interface, but as aging progressed, the failure mode shifted toward

cracking and delamination within the composite substrate itself.

Background & Context

Integrating power chips with polymer composites is a priority for applications requiring
lightweight materials, thermal stability, and low-dielectric properties. Cyanate ester
composites serve as the substrate in this research to evaluate the feasibility of direct

nano-silver bonding without the need for prior metallization.

Significance & Outlook

The results confirm the feasibility of using low-temperature nano-silver sintering for
bonding power chips to cyanate ester composites. However, the study identifies that the
principal limitation on long-term joint reliability is the thermal degradation of the substrate

rather than the silver joint itself.



Source: https://doi.org/10.21203/rs.3.rs-11259596/v1
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#04 Polyimide Copper Adhesion: lon Implantation vs

Surface Energy

Published October 29, 2026 BIOENGINEER.ORG USA

| OVERVIEW

Researchers found that copper adhesion to implanted polyimide varies by more than
tenfold despite nearly identical surface energies. Carbon/nitrogen co-implantation
achieved the highest peel strength of 1.63 N/mm, demonstrating that chemical

reconstruction, not just wettability or roughness, governs interfacial bonding.



| IN DEPTH

Key Findings

Copper films deposited on polyimide exhibit wildly different adhesion strengths even
when surface energies are matched within a narrow band of 46.43 to 47.22 mJ/m2. The
strongest adhesion was achieved via carbon and nitrogen co-implantation, yielding a
peel strength of 1.63 N/mm. This is approximately 11.6 times the adhesion of carbon-
implanted surfaces (0.14 N/mm) and 8.2 times that of nitrogen-implanted surfaces (0.20

N/mm). Untreated polyimide showed the lowest adhesion at 0.06 N/mm.

Technical Details

The study compared four conditions using 25-micrometer polyimide films: untreated,
carbon-ion implanted (20 keV), nitrogen-ion implanted (25 keV), and co-implanted with
carbon (15 keV) and nitrogen (8 keV), all at fluences of 5 x 10415 ions/cm?. Copper films
of 2 micrometers were deposited via DC magnetron sputtering and electroplated to 18
micrometers for testing per IPC-TM-650 2.4.9 E.

o Electrical Performance: Sheet resistance varied slightly, with nitrogen-implanted
films showing the lowest resistance (14 mQ/sq) compared to co-implanted (17

mQ/sq) and carbon-implanted (20 mQ/sq) films.

¢ Morphology: AFM revealed root-mean-square roughness rose from 1.90 nm
(untreated) to 5.34 nm (co-implanted). However, carbon-implanted surfaces (4.61

nm) remained weak despite high roughness.

o Chemistry: XPS showed nitrogen implantation caused substantial degradation of
imide structures and a rise in surface carbon (94.09 atomic %). Co-implantation
retained elemental concentrations closer to untreated polyimide, including 5.52

atomic % oxygen.

Background & Context

Reliable metallization of polymer substrates is critical for flexible electronics and high-
frequency systems. Previous plasma processing studies often altered roughness,
surface energy, and chemical functionality simultaneously. By tuning ion energy and
fluence to match surface energies, researchers neutralized wettability as a variable to

isolate the factors controlling adhesion.



Significance & Outlook

The results indicate that interfacial adhesion and electrical continuity are associated with
different reconstructed surface states and should be treated as decoupled optimization
targets. The findings suggest that nanoscale roughness is a contributing but non-

sufficient condition for strong bonding.

Source: https://bioengineer.org/matched-surface-energies-wildly-different-copper-adhesion-on-implanted-
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#05 Boron Nitride Composites: 3D Printing Heat Flow

via Alignment

Published October 27, 2026 BIOENGINEER.ORG USA

| OVERVIEW

Researchers have demonstrated that masked stereolithography (MSLA) 3D printing
can tune heat flow in boron nitride composites by controlling platelet size and layer
thickness. By reducing layer thickness to 10 micrometers, the team achieved high
basal-plane alignment of BN45 platelets, overcoming the material's inherent
anisotropy. This method allows for the creation of thermally conductive, electrically

insulating materials with predictable heat-flow directions.



| IN DEPTH

Key Findings

The study confirms that the alignment of hexagonal boron nitride (hBN) platelets in 3D-
printed composites is governed by the relationship between platelet size and layer
thickness. The strongest basal-plane alignment occurs when using the largest platelets
(BN45) combined with the thinnest layers (10 micrometers). Conversely, smaller
platelets (BN0.9) remain largely randomly oriented due to their greater rotational

freedom within the printing gap.

Technical Details

The team utilized MSLA printing with a 405 nanometer light source and an XY resolution
of 0.05 millimeters. They dispersed three grades of hBN microplatelets—with average
lateral sizes of 0.9, 12, and 45 micrometers (BN0.9, BN12, and BN45)—into Anycubic
Standard Resin+ at weight loadings of 5 to 20 percent. Layer thicknesses were varied

between 10, 20, 30, and 50 micrometers.

* Rheology: All formulations showed shear-thinning. Viscosity increased with higher
loadings and smaller platelets; the 20 percent BN0.9 formulation was too viscous for

reliable measurement and was excluded.

¢ Density: Archimedes principle measurements showed density rose consistently with
filler loading, with deviations from theoretical rule-of-mixtures calculations remaining

at or below 2 percent.

o Orientation Analysis: X-ray diffraction (XRD) and optical microscopy confirmed that
decreasing layer thickness from 50 to 10 micrometers steadily increased the

alignment function for BN45 composites at 15 percent loading.

Background & Context

Hexagonal boron nitride is highly valued for its electrical insulation and thermal stability,
but it is stubbornly anisotropic; heat conducts efficiently along basal planes but poorly
across the stack. In traditional composites, randomly oriented platelets waste much of
this potential. While extrusion methods use nozzle-induced shear for alignment, MSLA
relies more heavily on geometric confinement when layer thickness is comparable to or

smaller than the platelet's lateral dimension.



Significance & Outlook

By using platelet size and layer thickness as "control knobs," engineers can now
precisely tune the thermal anisotropy of 3D-printed parts. This capability enables the
design of components that direct heat flow along specific paths while maintaining

electrical insulation.

Source: https://bioengineer.org/3d-printed-boron-nitride-composites-tune-heat-flow-through-platelet-

alignment/
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#06 Leather Waste Filament: TPU Composite Limits
and 30% Ceiling

Published October 30, 2026 BIOENGINEER.ORG

| OVERVIEW

Researchers have developed a 3D printing filament by blending thermoplastic
polyurethane (TPU) with ground-up leather shavings, finding that a 30 percent leather
content by weight is the maximum threshold for printability. Beyond this limit, the
material becomes too brittle for spooling and printer feeding. This provides a high-
value recycling pathway for the approximately 1.0 million tons of solid waste

produced annually by the global tanning industry.



| IN DEPTH

Key Findings

The study identifies a technological ceiling of 30 percent leather waste content by weight
for producing composite filaments suitable for fused filament fabrication. While
composites containing up to 30 percent leather maintain good printability, a 40 percent
filler content renders the material too brittle, causing the filament to break during spool
preparation and handling within the printer feeding system. The optimal processing
window was determined to be a printing speed of 50 millimeters per second with nozzle

temperatures between 220 and 225 degrees Celsius.

Technical Details

The researchers used glutaraldehyde-tanned wet-white bovine automotive leather from

the tannery Pasubio. The preparation process involved:

e Drying shavings at 50 degrees Celsius for 16 hours.

¢ Grinding shavings into a fibrous powder using a 0.5 millimeter sieve at 400 rpm,

keeping temperatures below 40 degrees Celsius per ISO 4044:2017.

o Ensuring particle size: over 90 percent of particles were below 1.3 times ten to the

fifth square micrometers to prevent nozzle clogging.

Composites were created by compounding TPU pellets and leather powder at 210
degrees Celsius and 100 rpm for two minutes. Thermal analysis showed that adding
leather filler shifted the TPU melting temperature from 205 to 221 degrees Celsius and
raised the crystallization temperature from 106 to 162 degrees Celsius.
Thermogravimetric analysis confirmed thermal stability, as pure TPU only begins to

decompose at 323 degrees Celsius.

Background and Context

The tanning industry generates significant waste; in the Italian cycle, 31 percent of solid
waste occurs during tanning, averaging 0.5 kilograms per square meter of finished
leather. Globally, the industry produces roughly 2.0 billion square meters of leather
annually, resulting in 1.0 million tons of solid waste. Leather shavings, used to uniform

thickness, account for 75 percent of tannery solid waste and 33 percent of total waste.



Significance and Outlook

The developed filler complies with the European REACH Regulation (Annex XVII), the
EU regulation on persistent organic pollutants, the Oeko-Tex Leather Standard, and
Japan Automobile Manufacturers Association requirements. This creates a sustainable,
high-value outlet for leather waste, addressing pressure from automotive manufacturers

and fashion brands to adopt sustainable business models.

Source: https://bioengineer.org/leather-waste-becomes-3d-printing-filament-with-a-30-percent-ceiling/
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#07 Veolia and Sumitomo Chemical: Japan's FY2026
Plastic Recycling Model

Published October 29, 2026 Chemical Engineering USA

| OVERVIEW

Veolia Jenets K.K. and Sumitomo Chemical have been selected for Japan's FY2026
Model Project for Plastic Resource Circulation to integrate mechanical and chemical
recycling. The initiative aims to increase the resource utilization rate of collected

plastic containers and packaging from approximately 50% to approximately 80%.



| IN DEPTH

Key Findings

Veolia Jenets K.K. and Sumitomo Chemical are partnering under the Ministry of the
Environment of Japan’s FY2026 Model Project for Plastic Resource Circulation. The
project focuses on combining mechanical recycling (MR) and chemical recycling (CR) to
improve the conversion rates of plastic containers and packaging into chemicals and

increase overall resource utilization.

Technical Details

The project addresses the limitations of conventional MR, which currently achieves a
recycling rate of approximately 50% due to contamination, composite materials, and
variations in material composition. Under the new model, waste plastics generated as
residues during the MR process will be diverted to CR. This integrated approach is

expected to raise the resource utilization rate to approximately 80%.

¢ Veolia's Role: Leveraging expertise in waste management and sorting, Veolia will
manage materials suitable for MR and develop a sorting and supply scheme to

channel difficult-to-process plastics toward CR.

+ Sumitomo Chemical's Role: The company will apply CR technology to convert
pyrolysis oil supplied by Veolia into basic chemicals, including ethylene and

propylene, utilizing a proprietary catalyst currently under development.

Background and Context

Under Japan’s Containers and Packaging Recycling Act, collected plastics have
traditionally been processed using either MR or CR as a sole method. Starting in
FY2027, a new system will allow MR and CR operators to form joint groups to combine
methods, improving the quality and yield of recycled packaging. The Model Project

serves to promote the adoption of this system.



Significance and Outlook

By utilizing CR for residues that were previously used mainly for energy recovery, the
project enables the production of chemicals with quality equivalent to fossil-derived virgin
products. Veolia and Sumitomo Chemical intend to use the results of this verification
project to collaborate with municipalities, product manufacturers, and recycling operators

to implement a practical resource-circulation scheme and contribute to a circular society.

Source: https://www.chemengonline.com/veolia-and-sumitomo-chemical-join-japans-plastic-resource-

circulation-model-project/
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#08 PET Recycling Catalyst: Formate Production via

Ethylene Glycol

Published October 25, 2026 Inspenet

| OVERVIEW

Researchers from South Korea and Taiwan have developed a ruthenium and nickel
oxide catalyst that converts ethylene glycol from decomposed PET bottles into
formate. The process achieved a Faradaic efficiency of 86.37% and demonstrated

stability over 300 hours of testing using actual PET waste.



| IN DEPTH

Key Findings

A joint research effort by the Korea Basic Science Institute (KBSI), Gyeongsang National
University, and National Taiwan University of Science and Technology has produced a
catalyst capable of converting ethylene glycol—recovered from discarded polyethylene
terephthalate (PET) bottles—into formate, a chemical feedstock. During testing, the
team achieved a Faradaic efficiency of 86.37%, meaning approximately 86% of the
electrical charge used in the reaction contributed to formate production. The catalyst
maintained stability over 300 hours of testing using solutions derived from actual PET

waste.

Technical Details

The catalyst consists of individual ruthenium atoms on nickel oxide sheets, prepared
using carbon dioxide laser irradiation. This process creates oxygen vacancies and
modifies the electronic interaction between the materials, stabilizing intermediates to
facilitate the target product. The team utilized secondary ion mass spectrometry,
spectroelectrochemical analyses, and theoretical calculations to confirm a progressive
oxidation mechanism that controls the cleavage of the bond between the two carbon

atoms in ethylene glycol.
Performance metrics include:

e Production rate: 0.18 millimoles of formate per hour per square centimeter.

o Operating potential: 1.6 volts versus the reversible hydrogen electrode.

Background and Context

Chemical decomposition of PET typically yields terephthalic acid and ethylene glycol.
While terephthalic acid is easily reused for plastic manufacturing, ethylene glycol is
difficult to isolate due to its high boiling point and solubility in water. This electrochemical
approach bypasses the need to isolate ethylene glycol from the decomposition solution
before conversion. The study, published in October 2026 in Angewandte Chemie
International Edition, distinguishes this chemical recycling pathway from general plastic

depolymerization.



Significance and Outlook

While a favorable technoeconomic assessment was included, industrial scale-up
requires further evaluation of waste preparation, formate separation, electricity
consumption, and catalytic material recovery. Future testing will focus on demonstrating
sustained production at a larger scale to compare material and energy balances against

other PET utilization alternatives.

Source: https://inspenet.com/en/news/catalyst-pet-ethylene-glycol-formate/
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#09 Henan Huiyang PLA: Ultra-High Molecular Weight

Production Specs

Published October 30, 2026 Il China

| OVERVIEW

Henan Huiyang Bio-New Materials has achieved stable mass production of ultra-high
molecular weight polylactic acid (PLA) with a weight-average molecular weight
exceeding 300,000. This material offers a 40% increase in tensile strength over
standard PLA, enabling expansion into high-end textiles, 3D printing, and medical

consumables.



| IN DEPTH

Key Findings

Henan Huiyang Bio-New Materials Co., Ltd. has successfully operationalized a
thousand-ton scale pilot demonstration line in Hebi, producing ultra-high molecular
weight polylactic acid (PLA). The production line achieves a weight-average molecular
weight of over 300,000, marking a transition from laboratory results to industrial
application. The company has already sent samples to over 20 downstream customers

across the high-end packaging, textile, 3D printing, and foaming material sectors.

Technical Details

The material is synthesized from corn and cassava starch. While standard commercial
PLA typically has a molecular weight of only several tens of thousands—resulting in
brittleness and poor heat resistance—Huiyang's ultra-high molecular weight variant

addresses these limitations. Key technical improvements include:

o Tensile Strength: Increased by nearly 40% compared to ordinary PLA.

» Material Properties: Significant enhancements in toughness, heat resistance, and
batch stability.

+ Environmental Impact: The material is fully biodegradable, breaking down into

water and carbon dioxide without leaving microplastic pollution.

o Market Positioning: Despite a price point approximately 10% higher than general-

purpose PLA, the material targets high-value applications.

Background & Context

Established on December 18, 2024, with a registered capital of 30 million RMB, Henan
Huiyang Bio-New Materials is a foreign-invested enterprise controlled by the Henan
Biological Industry Group. The company is located in the Synthetic Biology Town of
Shancheng District, Hebi. The production line, completed in October 2025, is described
as the first high-end PLA production line globally, utilizing a continuous polymerization

process developed over more than two years.



Significance & Outlook

The ability to produce ultra-high molecular weight PLA allows the company to move
beyond low-value disposable items. Potential applications include high-end textile
fabrics, foaming buffer materials, biaxially oriented films, 3D printing filaments, and high-
temperature resistant food containers, with future expansion planned for absorbable
medical consumables. The company intends to optimize technology and scale up

production lines to establish a major biodegradable materials base in Henan province.

Source: https://www.sohu.com/a/1094842621 121124372
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#10 Enzyme-Embedded Polyesters: Deep-Sea

Biodegradation Specs 2026

Published October 26, 2026 Intelligent Living Japan

| OVERVIEW

Researchers from the University of Tokyo and partners developed compostable
polyester films embedded with enzymes that accelerate deep-sea biodegradation by
12 to 80 times. While aliphatic polyesters like PBS and PCL nearly vanished at 757 m
within five months, degradation was only moderate at depths of 5,503 m. This
technology provides a "switching function" that triggers internal breakdown only upon

exposure to water.



| IN DEPTH

Key Findings

Enzyme-embedded polyesters demonstrated significantly accelerated biodegradation in
deep-sea environments compared to controls. At a depth of 757 m and temperatures
near 4°C, films made of PBS, PBSA, and PCL embedded with Humicola insolens
cutinase (HiC) nearly completely degraded within five months. In contrast, identical films
without enzymes showed a maximum weight loss of 3.4%. At the deepest test site of
5,503 m, degradation was moderate rather than complete, indicating that extreme

pressure and cold limit the effectiveness of the enzymes.

Technical Details

The team mixed trace amounts of natural degrading enzymes—specifically HiC and
Candida antarctica lipase B (CaLB)—directly into compostable polyester films during
thermal processing. The samples were 4 cm squares and 100 micrometres thick. The
enzymes act as protein catalysts that snip ester links in the polymer chains. A loading of
0.1 wt% (one gram of enzyme per kilogram of plastic) was sufficient to drive rapid

degradation and microbial mineralisation in coastal trials.

* PBS, PBSA, PCL: Aliphatic polyesters that were nearly completely degraded at 757

m in five months with HiC.

o PBAT: An aromatic polymer that showed accelerated breakdown compared to

controls but did not vanish completely.

o Switching Function: Enzymes remain dormant in dry conditions and activate only

when water reaches the embedded proteins via surface abrasion or fragmentation.

Background & Context

The research, funded under NEDO’s Moonshot programme, involved the University of
Tokyo, JAMSTEC, and Gunma University. Samples were deployed via the crewed
submersible Shinkai 6500 at depths ranging from 757 m to 5,503 m. This approach
differs from previous compost enzyme plastics by targeting cold, high-pressure seawater

where degrading microbes are scarce.



Significance & Outlook

The study confirms that enzymatic breakdown reshapes the surrounding microbiome,
enriching taxa that feed on polymer fragments to facilitate mineralisation into carbon
dioxide, water, and biomass. However, the technology is limited to specific compostable
polyesters and does not apply to conventional plastics like polyethylene, PET,
polypropylene, or polystyrene. Manufacturing scale, product lifetimes, and costs remain

untested.

Source: https://www.intelligentliving.co/enzyme-bioplastic-deep-sea-limits/
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#11 Lithium-Salt-Driven LPP: Recyclable lon-

Conductive Polyesters

Published October 29, 2026 EHRM (52 F&I=Z81G)  China

| OVERVIEW

Researchers from Jilin University developed a Lithium-Salt-Driven Lewis Pair
Polymerization (LPP) strategy to create ion-conductive polyester elastomers with
room-temperature ionic conductivity up to 10° S/cm. The platform integrates
controlled synthesis, ionic functionality, and closed-loop chemical recycling of both

the polymer matrix and lithium salts.



| IN DEPTH

Key Findings

The research team, including Professor Yuetao Zhang, Professor Jianghua He, and
Associate Professor Wuchao Zhao, successfully synthesized ion-conductive polyester
elastomers (ICEs) using a single-platform LPP strategy. The resulting materials exhibit a
room-temperature ionic conductivity of 1.01x10° S/cm (for sample ICE11) and high
mechanical flexibility, with elongation at break reaching 2111%. Notably, the system
allows for the chemical recovery of monomers (¢-CL and &-VL) with yields exceeding
95% and the recovery of lithium salts (LiTFSI) at a rate of 82%.

Technical Details

The LPP platform utilizes commercial lithium salts (LiTFSI or LiCF_SO,) as Lewis acids
and a dual-functional N-heterocyclic olefin (NHO) as a Lewis base. This combination
enables the rapid active ring-opening polymerization of e-caprolactone (e-CL), &-

valerolactone (6-VL), and rac-lactide (rac-LA). Key technical specifications include:

+ Polymer Architecture: Ability to produce block copolymers (e.g., PVL-b-PCL-b-PVL)

and gradient copolymers with "center-to-out" structures.

* Mechanical Properties: Tensile strengths ranging from 20.1 MPa to 37.4 MPa, with

elongation rates between 1254% and 2111%.

* Sensing Performance: A gauge factor (GF) of 1.465, response times of 399 ms, and

recovery times of 474 ms.

¢ Kinetics: A "double zero-order" kinetic characteristic that allows independent

adjustment of copolymer composition and lithium salt loading.

Background & Context

Traditional ion-conductive elastomers often rely on post-doping, which can lead to
uneven distribution, or in-situ polymerization of acrylates, which limits control over
molecular weight and network topology and complicates recycling. This LPP approach
addresses these bottlenecks by using the lithium salt as both the polymerization catalyst

and the subsequent ionic charge carrier, eliminating the need for separate doping steps.



Significance & Outlook

This "catalyst-to-function" design framework provides a sustainable pathway for
producing soft electronics and smart sensors. While the sensors demonstrate stability
over 5,000 cycles, the researchers noted that baseline drift remains a limitation requiring
further improvement. The ability to perform closed-loop recycling of both the organic
matrix and inorganic salts offers a scalable model for sustainable electrochemical

devices.

Source: https://news.qg.com/rain/a/20261029A02VLA00
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#12 PLA Silicone Additives: Impact Strength and

Weathering Specs

Published October 28, 2026  Bioengineer.org (82 Scienmag)

| OVERVIEW

Reactive polysiloxane additives (MOD1 and MOD2) blended at 1 to 5 percent by
weight can more than double the initial impact strength of PLA and significantly slow
mechanical decay during outdoor aging. Specifically, PLA with MOD1 retained
roughly 90 percent of its initial tensile strength after 250 hours of simulated exposure,

compared to a 50 percent loss in unmodified PLA.



| IN DEPTH

Key Findings

The addition of reactive polysiloxane modifiers significantly improves the durability of
polylactide (PLA) under simulated outdoor conditions. In selected formulations, these
additives more than doubled the material's initial impact strength. Most notably, PLA
compounds containing modifier MOD1 retained approximately 90 percent of their initial
tensile strength after 250 hours of accelerated weathering, while unmodified PLA lost

about half of its strength in the same timeframe.

Technical Details

The researchers tested two modifiers, MOD1 (molecular weight 4184 g/mol) and MOD2

(molecular weight 2764 g/mol), both featuring a polysiloxane backbone with hexane and

reactive methacrylate functional groups. Unlike conventional plasticizers, these modifiers
polymerize thermally during melt processing to form crosslinked elastomeric micro-

domains within the PLA matrix.

Testing followed the 1ISO 4892-3:2024 protocol using an ATLAS UV TEST chamber.
Specimens underwent cycles of four hours of UV-B irradiation (313 nm, 0.76 W/m? at
60°C) and four hours of condensation (50°C in the dark). Results showed that while both
modifiers increased ductility, MOD1 provided superior long-term stability. By 500 hours,

however, all samples fell below 10 kJ/m? in Charpy impact strength.

Background and Context

PLA is naturally stiff and brittle, and its toughness typically declines when exposed to
heat, moisture, and sunlight. Traditional plasticizers, such as polyethylene glycol (PEG)
or citrate esters, often leach out over time. For example, PLA plasticized with acetyl
tributyl citrate lost 57 percent of its elongation at break after 240 hours of aging. The
reactive anchoring strategy used in this study prevents this leaching by chemically

bonding the modifiers to the matrix.



Significance and Outlook

The study attributes the eventual embrittiement of the materials to secondary
crystallization. X-ray diffraction showed neat PLA's crystallinity rising from 14 percent to
38 percent after 250 hours. This structural ordering reduces free volume and restricts

chain motion, coinciding with the loss of mechanical properties.

Source: https://bioengineer.org/silicone-additives-help-brittle-pla-survive-simulated-outdoor-aging/
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#13 TiO2@SiO2/Chitosan Coating: Room-Temperature
Egg Preservation

Published October 28, 2026  Bioengineer.org (82 Scienmag)

| OVERVIEW

A fluorine-free, water-based superhydrophobic coating composed of TiO2@SiO2
particles 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 and better internal quality compared to untreated controls. This

development offers a potential method for extending egg shelf life without

refrigeration.



| IN DEPTH

Key Findings

The TiO2@SiO2/chitosan coating significantly improves the preservation of eggs stored
at 25 + 1 °C for 49 days. Eggs treated with the water-based formulation (H20-
CS/TiO2@Si02) experienced a weight loss of approximately 8.2%, whereas untreated
control eggs lost approximately 10.8%. Furthermore, the coating reduced microbial
contamination; at day 49, the H20-CS/TiO2@SiO2 group recorded a total viable count
of 157.6 £ 17.3 CFU per egg on the shell and 241.1 £ 25.6 CFU per egg in the yolk.

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 on coated glass using static water

contact angles:

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°

Regarding internal quality, coated eggs maintained a Haugh unit of approximately 50.8
at day 49 and showed delayed changes in yolk index and albumen pH. Analysis of the
edible portion showed a total Ti content of 0.94 + 0.07 mg/kg for coated eggs, 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 as an open-access article in Discover Food by
Feng, Wang, Liang, and Chen (2026), sought to develop a sustainable, fluorine-free

alternative to traditional coatings to slow this decline.



Significance & Outlook

The study concludes that the water-based TiO2@SiO2/chitosan coating effectively
maintains internal egg quality and reduces microbial risks during a 49-day room-
temperature storage period. While the findings are limited to the specific conditions and
duration tested, the results demonstrate a viable path for improving food security and

reducing refrigeration dependency for egg storage.

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

temperature/
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#14 PLAP Electrolyte: Prelithiation for Fast-Charging
Solid-State Batteries

Published October 29, 2026 BIOENGINEER China

| OVERVIEW

Researchers at Nanjing Tech University and partners developed a prelithiated
polymer-ceramic electrolyte (PLAP) achieving a room-temperature ionic conductivity
of 3.8 x 10* S/cm. By converting terminal hydroxyl groups to lithium alkoxide, the
material overcomes interfacial ion trapping to enable high-current stability and long-

cycle life in lithium iron phosphate cells.



| IN DEPTH

Key Findings

The PLAP composite electrolyte achieved a room-temperature ionic conductivity of 3.8 x
10* S/cm and sustained lithium plating and stripping in symmetric cells for 750 hours at
a current density of 10 mA/cm?. When integrated into lithium iron phosphate full cells, the
material retained most of its capacity after 2,000 cycles. These results significantly
outperform unmodified hydroxyl-terminated analogues, which previously achieved only

about 10° S/cm and showed severe polarization within 100 hours.

Technical Details

The PLAP material consists of a prelithiated polyurethane polymer paired with ceramic
LAGP fillers. To prevent "interfacial ion trapping"—where electronegative terminal
hydroxyl groups bind lithium ions via Coulombic Li-O interactions—the team treated the
sucrose-based polyether soft segment with lithium hydroxide to create lithium alkoxide
groups. The final composite, containing 40 wt% LAGP (particle sizes 1 to 500 nm), was
cured at 120 °C for 48 hours.

e Mechanical Properties: The 40 wt% LAGP membrane showed a tensile strength of

5.47 MPa and an elongation at break of 192.4%.

o Thermal Stability: The glass transition temperature is approximately —43 °C, with

decomposition beginning near 260 °C (5% weight-loss criterion).

e Transport: Conductivity rose to 1.01 x 102 S/cm at 80 °C, with an apparent

activation energy of about 15.9 kJ/mol.

Background & Context

Solid-state batteries aim to replace flammable liquid electrolytes with solid conductors to
improve safety and energy density. However, inorganic ceramics like LAGP are brittle
and suffer from grain-boundary resistance, while polymers like polyurethane typically
exhibit poor room-temperature conductivity (below 10° S/cm). While blending the two is
common, excessive ceramic filler often weakens the membrane mechanically, creating a

trade-off between conductivity and strength.



Significance & Outlook

By utilizing chemical prelithiation rather than simply increasing filler content, the PLAP
electrolyte balances high ionic conductivity with a mechanical strength threshold capable
of suppressing lithium dendrite propagation. This approach addresses the critical

bottleneck of interfacial charge-transfer resistance in polymer-ceramic composites.

Source: https://bioengineer.org/prelithiated-polymer-ceramic-electrolyte-pushes-solid-state-batteries-
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#15 Fe Si-Carbon Fiber Composites: Rotor Weight
Reduction for SynRM

Published October 29, 2026 BIOENGINEER

| OVERVIEW

Researchers have developed a carbon fiber-reinforced polymer composite infused
with Fe_Si microparticles that reduces synchronous reluctance motor rotor weight and
rotational inertia by 38.12% compared to electrical steel. The material achieves a
density of 4857.95 kg/m?® while maintaining high-speed structural integrity. This
development offers a lightweight alternative for energy-efficient motors in electric

vehicles and aerospace applications.



| IN DEPTH

Key Findings

The primary achievement of this research is the creation of a composite rotor that cuts
weight and rotational inertia by 38.12% relative to conventional electrical steel cores.
The optimized material reached a density of 4857.95 kg/m?3. Electromagnetic simulations
indicate that the composite rotor can achieve a peak efficiency of 94.0%, which closely

aligns with the 95.4% efficiency of the electrical steel benchmark.

Technical Details

The composite was fabricated using a hand lay-up method with dry particle deposition to
uniformly integrate soft magnetic Fe Si microparticles into a carbon fiber-reinforced

polymer matrix. This structure provides several technical advantages:

o Eddy Current Suppression: The insulating polymer matrix creates a discontinuous
conductive network, breaking conductive pathways to reduce electrical conductivity

and suppress core heating.

» Design Optimization: To compensate for the composite's lower intrinsic magnetic
permeability compared to electrical steel, researchers reduced the rotor magnetic

pole arc angle from 145° to 130°.

Background and Context

Led by Anand Prakash Jaiswal and Minkook Kim, the study addresses the demand for
lightweight, energy-efficient motors in industrial systems, aerospace, and electric
vehicles. The research specifically targets the rotor core, using conventional electrical
steel as the benchmark for comparison. The findings were published in Advanced

Composites and Hybrid Materials.



Significance and Outlook

The combination of reduced density, lower rotational inertia, and suppressed eddy
current losses positions this Fe_Si-enhanced composite as a viable lightweight core
material for next-generation electric machinery. However, the authors note that current
performance figures are based on electromagnetic simulations rather than physical
prototypes. Experimental validation and subsequent testing are required to translate

these simulated gains into real-world motor performance.

Source: https://bioengineer.org/fe%e2%82%83si-enhanced-carbon-fiber-composite-lightens-

synchronous-reluctance-motor-rotors/

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


https://bioengineer.org/fe%e2%82%83si-enhanced-carbon-fiber-composite-lightens-synchronous-reluctance-motor-rotors/
https://bioengineer.org/fe%e2%82%83si-enhanced-carbon-fiber-composite-lightens-synchronous-reluctance-motor-rotors/

#16 Recyclable Turbine Blades: Acid-Labile Resin
Specs and Deployment

Published October 26, 2026 ecoportal.net Germany

| OVERVIEW

Three wind turbines off Heligoland have been deployed with rotor blades using a
proprietary recyclable resin designed to dissolve in a heated acid bath. This
technology allows for the recovery of glass fiber and wood, addressing the primary

waste challenge in wind energy where 85 to 90 percent of turbine mass is already
recyclable.



| IN DEPTH

Key Findings

Three turbines in a wind farm located approximately 22 miles off Heligoland are now
operating with the first rotor blades designed for end-of-life recycling. While the wind
farm consists of 38 turbines with a total installed capacity of 342 megawatts, only these
three units utilize the recyclable resin system. The blades are approximately 266 feet

long, developed in Denmark and manufactured in the United Kingdom.

Technical Details

Conventional blades use thermoset epoxy, creating a permanent molecular tangle that
resists decomposition. In contrast, these specific blades utilize a proprietary resin
featuring amine curing agents with engineered cleavage points at cross-linking sites.
Specifically, the chemistry employs acid-labile acetal bonds that remain robust during the

turbine's operational life but break selectively under mild acid conditions.

The decommissioning process involves:

Dismantling and preparing the blade.

Immersion in a heated, mild acid solution.

Separation of the resin from fiberglass, plastic, wood, and metals.

Rinsing and drying materials for secondary use in products such as flight cases and

flat screen casings.

Background & Context

Blades represent the most stubborn component of wind turbine waste, as the towers and
nacelles already have established recycling routes. While a separate industry-led
chemical process exists to break down existing epoxy blades into raw materials, the
Heligoland deployment represents a different approach where the recyclability is built

into the resin chemistry from the start.



Significance & Outlook

The deployment serves as a real-world proof of concept rather than a full fleet rollout.
Because wind farms are expected to run for at least 25 years, the long-term durability of
this chemistry against salt spray and structural flexing remains to be proven. The

manufacturer's goal is to achieve fully recyclable turbines within two decades.
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