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This Week in 90 Seconds

EXECUTIVE SUMMARY

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

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

decisions.

SIGNAL 01 | MOLECULE & FORMULATION
Vulkollan: Covestro chemical recycling
pilot carbon reduction

Covestro has launched a new pilot plant in Leverkusen,
Germany, for the chemical recycling of its high-performance
cast elastomer, Vulkollan®.

SIGNAL 02 | MATERIAL PRODUCTION
PEDOT:PSS Bioelectronics: WashU's
3D-printable tissue compatibility

Engineers at Washington University in St. Louis have
developed a 3D-printable bioelectronic material combining
collagen and conductive polymer PEDOT:PSS.

SIGNAL 03 | PROCESSING

EU Cosmetics Regulation: PFAS and
microplastics 2035 timeline

The European Union is establishing new regulatory
frameworks for PFAS (forever chemicals) and intentionally
added microplastics in cosmetics, aiming for their
elimination.

SIGNAL 04 | COMPONENT ADOPTION
KAIST: Biodegradable aromatic PHA
adhesives vs petroleum melts

A KAIST research team has engineered E. coli to produce
novel aromatic polyhydroxyalkanoate (PHA) polymers from
glucose, creating bio-based hot-melt adhesives.

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

90%

3

95%

1

28.2%

AO7

0.5%

P05

All

HOW TO USE THESE NUMBERS

SOURCE-BOUND CONDITION

This technology efficiently breaks down over 90% of end-of-life Vulkollan® materials into
purified chemical building blocks, potentially reducing carbon emissions by up to
two-thirds compared to fossil-based virgin.

SOURCE-BOUND CONDITION

CRRC has successfully completed the production of an innovative 110-meter recyclable
wind turbine blade, featuring a material system based on high-efficiency de-bondable
infusion resins that enable over 95% recovery of.

SOURCE-BOUND CONDITION
Using ethylenediamine as a catalyst at 180°C, the process achieved a 28.2% PU conversion
rate and a TDA yield of 13.6 wt%.

SOURCE-BOUND CONDITION

IFUN has announced a comprehensive range of dental 3D printing resins, highlighted by its
high-precision photopolymer "Dental Model Resin 3160," achieving a 120°C heat deflection
temperature (HDT) and ultra-low shrinkage.

SOURCE-BOUND CONDITION

CRRC has successfully completed the production of an innovative 110-meter recyclable
wind turbine blade, featuring a material system based on high-efficiency de-bondable
infusion resins that enable over 95% recovery of.

Each value is shown with the condition stated in the collected English article. Do not compare values across

different test methods, device sizes, operating temperatures or commercial stages without normalizing those

conditions.
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Where the Value Chain Moved

Where the value chain moved

VALUE CHAIN / EVIDENCE

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

not decorative arrows.

Molecule &
formulation

P01/P06

Covestro has launched
anew pilot plantin
Leverkusen, Germany,
for the chemical
recycling of its

Material
production
P02/P07

Engineers at
Washington University
in St.

Processing
P03/P08

The European Union is
establishing new
regulatory frameworks
for PFAS (forever
chemicals) and
intentionally added.

Component
adoption
P04/P09

A KAIST research team
has engineered E.

Recovery &
reuse

P05/P10

CRRC has successfully
completed the
production of an
innovative 110-meter
recyclable wind

high-performance turbine blade,

cast. featuring a material.

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

Vulkollan: Covestro chemical
recycling pilot carbon reduction
System / adoption | cue: pilot

P

(=]
frt

Next decision locus (categories)

PEDOT:PSS Bioelectronics: WashU's
3D-printable tissue compatibility
Tech / process | cue: no
system/business cue

Business / rules @ @ @ P03 EQ Cosmet.lcs Regul.at|or1: PFAS and
microplastics 2035 timeline

Business / rules | cue: Regulation

P02

KAIST: Biodegradable aromatic PHA

P04 .
adhesives vs petroleum melts
System / adoption | cue: market
PO5 CRRC: 110m recyclable wind turbine

blade material recovery specs
System / adoption | cue: system

EU PFAS Restrictions: Food

. packaging compliance timeline for
System / adoption @ @ @ @ 2026

Business / rules | cue: Regulation

PFAS ban: ECHA's 2026 proposal for

POT7
14,000+ chemical compounds
Business / rules | cue: regulations
P08 Polyurethane waste: 13.6 wt%

Toluene Diamine yield specs
Tech / process | cue: no
system/business cue

IFUN: Dental Model Resin 3160 3D
printing specs and HDT

Tech / process | cue: no
system/business cue

Tech / process @ @ P08

CRRC: 110m recyclable wind turbine
blade specs and 95% recovery
System / adoption | cue: system

P10

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.

A13 | Molecule & formulation | Joint evaluation

FACT
Covestro has launched a new pilot plant in Leverkusen,

Germany, for the chemical recycling of its high-performance
cast elastomer, Vulkollan®. This technology efficiently
breaks down over 90% of end-of-life Vulkollan® materials
into purified chemical building blocks, potentially reducing
carbon emissions by up to two-thirds compared to
fossil-based virgin materials.

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.

Vulkollan: Covestro chemical recycling pilot carbon reduction

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 3/5 | DECISION LOCUS: SYSTEM / ADOPTION

A03 | Material production | Pilot

FACT
Engineers at Washington University in St. Louis have

developed a 3D-printable bioelectronic material combining
collagen and conductive polymer PEDOT:PSS. This novel
collagen-based composite exhibits superior
biocompatibility compared to conventional biomedical
device materials, fostering more natural interactions with
biological tissues. This breakthrough holds promise for
improving medical implants and bioelectronic devices by
reducing rejection risks and enhancing long-term
performance.

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.

P02 PEDOT:PSS Bioelectronics: WashU's 3D-printable tissue compatibility

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: TECH / PROCESS
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Priority Themes 03-04

FACT / READ / ACTION / UNKNOWN

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

A09 | Processing | Research

FACT
The European Union is establishing new regulatory

frameworks for PFAS (forever chemicals) and intentionally
added microplastics in cosmetics, aiming for their
elimination. However, due to the commercial unavailability
of alternatives that can replicate the functionalities of PFAS
and synthetic polymer microparticles, particularly in
long-lasting color cosmetics, the EU has granted a transition
period of up to 2035.

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.

“ EU Cosmetics Regulation: PFAS and microplastics 2035 timeline

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 1/5 | DECISION LOCUS: BUSINESS / RULES

Al4 | Component adoption | Research

FACT
A KAIST research team has engineered E. coli to produce

novel aromatic polyhydroxyalkanoate (PHA) polymers from
glucose, creating bio-based hot-melt adhesives. These new
PHAs demonstrate adhesive strength and thermal
properties comparable to petroleum-derived counterparts,
while being fully biodegradable. This metabolic engineering
approach offers tunable polymer properties for diverse
applications, promising a significant impact on the
sustainable adhesive market.

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.

KAIST: Biodegradable aromatic PHA adhesives vs petroleum melts

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 1/5 | DECISION LOCUS: SYSTEM / ADOPTION
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Priority Themes 05-06

FACT / READ / ACTION / UNKNOWN

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

Al1 | Recovery & reuse | Product adoption

FACT
CRRC has successfully completed the production of an

innovative 110-meter recyclable wind turbine blade,
featuring a material system based on high-efficiency
de-bondable infusion resins that enable over 95% recovery
of key raw materials post-use. This breakthrough leverages
patented reversible chemical debonding technology to
efficiently separate resin from reinforcing fibers.

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.

CRRC: 110m recyclable wind turbine blade material recovery 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 P05.

UNKNOWN

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

EDITORIAL SCORE 20/25 | MATURITY 4/5 | DECISION LOCUS: SYSTEM / ADOPTION

A05 | Molecule & formulation | Product adoption

FACT
Under the EU Packaging and Packaging Waste Regulation

(PPWR), restrictions on PFAS (Per- and Polyfluoroalkyl
Substances) in food contact packaging commenced for
products placed on the EU market after August 12, 2026.
With no transition period, affected companies are facing an
urgent need to demonstrate compliance. This mandate
requires businesses to thoroughly assess their packaging
materials, identify potential PFAS risks, and secure
necessary testing data to prove adherence to regulatory
requirements.

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.

m EU PFAS Restrictions: Food packaging compliance timeline for 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 P06.

UNKNOWN

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

EDITORIAL SCORE 20/25 | MATURITY 4/5 | DECISION LOCUS: BUSINESS / RULES
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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

A06 | Material production | Joint evaluation

FACT
The European Chemicals Agency (ECHA)'s scientific

committees have endorsed a proposal for the most
extensive chemical restriction in European history, targeting
an estimated 14,000+ PFAS (per- and polyfluoroalkyl
substances) across virtually all industrial sectors. This
pivotal decision, prompted by a January 2023 proposal from
five EU member states, acknowledges the growing risks
PFAS pose to humans and the environment and deems
current regulations insufficient.

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.

PFAS ban: ECHA's 2026 proposal for 14,000+ chemical compounds

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 3/5 | DECISION LOCUS: BUSINESS / RULES

P08
AO07 | Processing | Product adoption

FACT
A new study demonstrates that hydrothermal conversion

with acidic and basic additives can effectively depolymerize
polyurethane (PU) waste, enabling efficient recovery of the
valuable chemical intermediate, 2,4-toluene diamine (TDA).
Using ethylenediamine as a catalyst at 180°C, the process
achieved a 28.2% PU conversion rate and a TDA yield of 13.6
wt%. This method holds promise for improving PU waste
recycling efficiency and contributing to sustainable
chemical production.

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.

Polyurethane waste: 13.6 wt% Toluene Diamine yield 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 P08.

UNKNOWN

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

EDITORIAL SCORE 20/25 | 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.

“ IFUN: Dental Model Resin 3160 3D printing specs and HDT

A12 | Component adoption | Research

FACT
IFUN has announced a comprehensive range of dental 3D

printing resins, highlighted by its high-precision
photopolymer "Dental Model Resin 3160," achieving a 120°C
heat deflection temperature (HDT) and ultra-low shrinkage
of less than 0.5%. Additionally, "Gingiva Mask Resin 3161," a
flexible elastomer with a Shore A hardness of 50-60A, was
introduced to accurately simulate gingival compliance.
These new materials are poised to significantly advance the
precision and versatility of digital dentistry.

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 P09.

UNKNOWN

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

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

CRRC: 110m recyclable wind turbine blade specs and 95% recovery

AO01 | Recovery & reuse | Research

FACT
CRRC has successfully manufactured a 110-meter recyclable

wind turbine blade, achieving over 95% recovery of its
primary raw materials. The blade incorporates a material
system based on highly efficient peelable infusion resins and
reversible chemical cleavage technology. This innovation
enables the separation of resin and reinforcing fibers for
reuse in various high-value applications, directly addressing
the growing challenge of wind turbine blade waste and
supporting closed-loop recycling.

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 P10.

UNKNOWN

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

EDITORIAL SCORE 19/25 | MATURITY 1/5 | DECISION LOCUS: SYSTEM / ADOPTION
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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
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Cannot meet system
conditions

Economics or supply cannot
be supported

No accountable operating
plan
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Analyzed Articles 1/1

ANALYZED ARTICLES | ITEMS 01-15

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

translated HTML did not retain its original source URL.

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

A01

A02

A03

A04

A05

A06

A07

A08

A09

Al0

All

Al12

Al3

Al4

Al5

CRRC: 110m recyclable wind turbine blade specs and 95%
recovery

Bio-Based Epoxy Vitrimers: Recyclable strength vs petroleum
plastics

PEDOT:PSS Bioelectronics: WashU's 3D-printable tissue
compatibility

DIC Corporation: New epoxy curing agent for GenAl signal loss
EU PFAS Restrictions: Food packaging compliance timeline for
2026

PFAS ban: ECHA's 2026 proposal for 14,000+ chemical
compounds

Polyurethane waste: 13.6 wt% Toluene Diamine yield specs

IsPETase-M8 explained: Sun Yat-sen University's PET enzyme

EU Cosmetics Regulation: PFAS and microplastics 2035
timeline

Polymer Informatics: arXiv's Al super-intelligence roadmap

CRRC: 110m recyclable wind turbine blade material recovery
specs

IFUN: Dental Model Resin 3160 3D printing specs and HDT

Vulkollan: Covestro chemical recycling pilot carbon reduction

KAIST: Biodegradable aromatic PHA adhesives vs petroleum
melts

RespiGard: Asahi Kasei PFAS-free polypropylene membrane
specs
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FULL TITLES / FULL SOURCE URLS

https://finance.biggo.com/news/1f10413e-76df-4c57-ad98-41d2b5b978¢
2

https://bioengineer.org/empty-voids-full-potential-free-volume-enginee
ring-unlocks-recyclable-bio-based-epoxy-that-rivals-petroleum-plastics/

https://source.washu.edu/2026/09/a-unique-solution-for-bioelectronics-
collagen-and-cacao-butter/

https://www.dic-global.com/en/contents/column/39.html
https://www.sgs.com/en-de/news/2026/09/eu-pfas-requirements-for-pa
ckaging-materials

https://theinnovator.news/breaking-the-unbreakable-the-race-to-destro
y-forever-chemicals/

https://docshare.wps.com/document/recycling-of-polyurethane-waste-f
acile-hydrothermal-conversion-using-acidic-and-basic-additives/439303

/

https://bioengineer.org/engineered-enzyme-shreds-plastic-in-seawater-
at-room-temperature/

https://lifesciencedaily.news/cosmetics-regulation-pfas-microplastics/

https://arxiv.org/html/2609.34051v1

https://www.prnewswire.com/news-releases/crrc-completes-production
-of-110-meter-recyclable-wind-turbine-blade-achieving-over-95-recovery
-of-key-materials-302888789.html

https://ifun3d.com/dental-3d-resins
https://circular-economy-news.com/index.php/materials/90-recyclable-
covestro-takes-elastomer-recycling-from-lab-to-pilot-scale

https://www.kaist.ac.kr/newsen/html/news/?mode=V&mng_no=67190&
GotoPage=1&skey=keyword&sval=biomanufacturing

https://parolaanalytics.com/parolanews/hydrophobic-threads-waterpro
of-tech-patent-landscape/
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https://finance.biggo.com/news/1f10413e-76df-4c57-ad98-41d2b5b978c2
https://finance.biggo.com/news/1f10413e-76df-4c57-ad98-41d2b5b978c2
https://bioengineer.org/empty-voids-full-potential-free-volume-engineering-unlocks-recyclable-bio-based-epoxy-that-rivals-petroleum-plastics/
https://bioengineer.org/empty-voids-full-potential-free-volume-engineering-unlocks-recyclable-bio-based-epoxy-that-rivals-petroleum-plastics/
https://source.washu.edu/2026/09/a-unique-solution-for-bioelectronics-collagen-and-cacao-butter/
https://source.washu.edu/2026/09/a-unique-solution-for-bioelectronics-collagen-and-cacao-butter/
https://www.dic-global.com/en/contents/column/39.html
https://www.sgs.com/en-de/news/2026/09/eu-pfas-requirements-for-packaging-materials
https://www.sgs.com/en-de/news/2026/09/eu-pfas-requirements-for-packaging-materials
https://theinnovator.news/breaking-the-unbreakable-the-race-to-destroy-forever-chemicals/
https://theinnovator.news/breaking-the-unbreakable-the-race-to-destroy-forever-chemicals/
https://docshare.wps.com/document/recycling-of-polyurethane-waste-facile-hydrothermal-conversion-using-acidic-and-basic-additives/439303/
https://docshare.wps.com/document/recycling-of-polyurethane-waste-facile-hydrothermal-conversion-using-acidic-and-basic-additives/439303/
https://docshare.wps.com/document/recycling-of-polyurethane-waste-facile-hydrothermal-conversion-using-acidic-and-basic-additives/439303/
https://bioengineer.org/engineered-enzyme-shreds-plastic-in-seawater-at-room-temperature/
https://bioengineer.org/engineered-enzyme-shreds-plastic-in-seawater-at-room-temperature/
https://lifesciencedaily.news/cosmetics-regulation-pfas-microplastics/
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#01 CRRC: 110m recyclable wind turbine blade specs
and 95% recovery

Published September 25, 2026 CRRC China

| oveERVIEW

CRRC has successfully manufactured a 110-meter recyclable wind turbine blade,
achieving over 95% recovery of its primary raw materials. The blade incorporates a
material system based on highly efficient peelable infusion resins and reversible
chemical cleavage technology. This innovation enables the separation of resin and
reinforcing fibers for reuse in various high-value applications, directly addressing the

growing challenge of wind turbine blade waste and supporting closed-loop recycling.



| IN DEPTH

CRRC has completed the manufacturing of a groundbreaking 110-meter recyclable wind
turbine blade, achieving an unprecedented material recovery rate of over 95% for its
primary raw materials. This revolutionary development directly confronts the escalating
challenge of end-of-life wind turbine blade waste, offering a sustainable solution that
promotes a circular economy within the renewable energy sector. The core innovation
lies in a sophisticated material system that employs highly efficient peelable infusion

resins coupled with reversible chemical cleavage technology.

Key Findings

o CRRC successfully developed and manufactured a 110-meter recyclable wind turbine
blade.

» Achieved a material recovery rate of over 95% for primary raw materials.

o Utilizes a novel material system featuring peelable infusion resins and reversible

chemical cleavage technology.

» Enables effective separation of resin and reinforcing fibers, facilitating high-value

reuse.

e Presents a critical solution to wind turbine blade waste, fostering closed-loop

recycling in the industry.

Technical / Clinical Details

The technological cornerstone of this new blade is its innovative resin system. Unlike
conventional thermoset composites, which are notoriously difficult to separate into their
components, this system employs an advanced infusion resin designed for efficient
delamination under specific conditions. This allows for the clean separation of the resin
matrix from the high-strength reinforcing fibers, such as glass or carbon fibers, without
damaging their integrity. Furthermore, the reversible chemical cleavage technology
enables the depolymerization of the resin itself back into its constituent monomers or
oligomers, which can then be repolymerized into new, high-performance resins. This
dual approach of physical and chemical recycling ensures that both the resin and the
fibers can be recovered and reused in high-value applications, far beyond the

capabilities of previous recycling methods for composite materials.



Background & Context

Wind power is a critical component of the global renewable energy transition. However,
the rapid expansion of wind energy capacity has brought to light a significant
environmental challenge: the disposal of retired wind turbine blades. Composed of
complex composite materials, these blades are difficult to recycle economically and
effectively, often ending up in landfills, representing a substantial waste of resources and
environmental burden. CRRC's achievement offers a direct and scalable solution to this
problem, setting a new benchmark for sustainability in the wind energy industry. Given
the projected increase in retired blades globally, this technology holds immense

importance for environmental protection and resource efficiency.

Strategic Significance & Outlook

The introduction of CRRC's recyclable wind turbine blade has the potential to redefine
sustainability standards across the wind energy sector. Its success could incentivize
broader adoption of similar technologies by other manufacturers, accelerating the
transition towards a circular economy in the supply chain of wind power generation.
Beyond wind turbines, the high-efficiency recycling technology demonstrated here could
also have broader applications in the recycling of other composite material products,
contributing to enhanced resource circulation in various industrial sectors. This
innovation represents a significant step towards mitigating the environmental footprint of

large-scale renewable energy infrastructure.

Source: https://finance.biggo.com/news/1f10413e-76df-4c57-ad98-41d2b5b978c2
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#02 Bio-Based Epoxy Vitrimers: Recyclable strength
vs petroleum plastics

Published October 02, 2026  Bioengineer.org USA

| oveERVIEW

Researchers have developed a groundbreaking recyclable, bio-based epoxy vitrimer
using an innovative technique called "free-volume engineering." This new material
effectively overcomes the traditional strength-recyclability trade-off in thermosets by
intentionally introducing nanoscale voids within the polymer network. It achieves
excellent strength, chemical resistance, and thermal stability comparable to or
exceeding petroleum-derived plastics, while enabling reprocessing and chemical
degradation via dynamic covalent bonds, marking a significant breakthrough in

sustainable materials science.



| IN DEPTH

Key Findings

Scientists have engineered a novel recyclable bio-based epoxy vitrimer, leveraging an
innovative approach termed "free-volume engineering," which introduces nanoscale
voids within the polymer network. This breakthrough material resolves the long-standing
trade-off between strength and recyclability in thermosets, achieving superior
mechanical strength, chemical resistance, and thermal stability comparable to or even
surpassing petroleum-derived plastics, while also being reprocessable and chemically

degradable.

Technical Details

The core of this research lies in the precise control and introduction of "free volume"—
tiny voids—into the internal structure of the polymer. This technique allows for enhanced
molecular mobility between polymer chains without compromising the material's rigidity
and cohesiveness. Specifically, this bio-based epoxy vitrimer is designed with dynamic
covalent bonds (e.g., transesterification reactions) that enable reprocessing when
subjected to heat. These bonds form a robust network in the solid state, providing high
mechanical strength and chemical resistance. However, under specific thermal
conditions, they can reversibly break and reform, allowing the material to melt and be
reshaped. This mechanism facilitates multiple recycling cycles, ultimately enabling
chemical degradation back to monomer-level components for reuse as raw materials,

establishing a sustainable circular economy.

Data from the study indicates that this new bio-based epoxy vitrimer exhibits mechanical
properties, including tensile strength, flexural strength, and impact strength, that are
comparable to or even superior to high-performance commercial petroleum-based epoxy
resins. Excellent chemical resistance against acids, alkalis, and solvents has also been
confirmed, expanding its potential applications. Furthermore, its high thermal stability
ensures dimensional integrity and structural consistency across practical temperature

ranges.



Background & Context

Thermosetting plastics, particularly epoxy resins, have been indispensable in aerospace,
automotive, electronics, and construction due to their exceptional performance.
However, their inability to be remelted and reprocessed after initial curing has led to
significant landfill waste and environmental concerns. This research offers a
fundamental solution to the "non-recyclable" problem of thermosets, marking a
substantial stride towards sustainable material development. Its bio-based nature further
contributes to reducing reliance on fossil fuels and mitigating environmental impact,

aligning with global efforts for a circular economy.

Strategic Significance & Outlook

This recyclable bio-based epoxy vitrimer represents a promising solution for addressing
plastic waste and achieving a circular economy. Future efforts will focus on scaling up
the manufacturing process and improving cost-effectiveness. Commercial applications
are anticipated in sectors demanding both high performance and sustainability, such as
automotive components, aircraft structural materials, and electronic encapsulants. The
potential applicability of free-volume engineering to other polymer systems could also

drive further material innovations across industries.

Source: https://bioengineer.org/empty-voids-full-potential-free-volume-engineering-unlocks-recyclable-
bio-based-epoxy-that-rivals-petroleum-plastics/

Collected: October 02, 2026 | Automated Research System (Gemini API)


https://bioengineer.org/empty-voids-full-potential-free-volume-engineering-unlocks-recyclable-bio-based-epoxy-that-rivals-petroleum-plastics/
https://bioengineer.org/empty-voids-full-potential-free-volume-engineering-unlocks-recyclable-bio-based-epoxy-that-rivals-petroleum-plastics/

#03 PEDOT:PSS Bioelectronics: WashU's 3D-printable
tissue compatibility

Published September 25, 2026 The Source - WashU  USA

| oveERVIEW

Engineers at Washington University in St. Louis have developed a 3D-printable
bioelectronic material combining collagen and conductive polymer PEDOT:PSS. This
novel collagen-based composite exhibits superior biocompatibility compared to
conventional biomedical device materials, fostering more natural interactions with
biological tissues. This breakthrough holds promise for improving medical implants
and bioelectronic devices by reducing rejection risks and enhancing long-term

performance.



| IN DEPTH

Key Findings

Engineers at Washington University in St. Louis have successfully developed an additive
manufacturing method for constructing bioelectronic materials from collagen and the
conductive polymer PEDOT:PSS. This innovative collagen-based material is designed to
offer significantly higher biocompatibility with living tissues than traditional biomedical
device materials. This advancement paves the way for a new generation of medical
implants and bioelectronic devices that interact more naturally and effectively with the
body.

Technical / Clinical Details

The research leverages a 3D printing technique to integrate collagen, a primary
component of the extracellular matrix, with poly(3,4-ethylenedioxythiophene):polystyrene
sulfonate (PEDOT:PSS). PEDOT:PSS is well-known for its electrical conductivity and
relatively good biocompatibility, making it a candidate for bioelectronic applications.
However, direct tissue integration requires even greater biomimicry. By using collagen as
the foundational material, the developed composite enhances cell adhesion and tissue
integration, mitigating common issues associated with foreign body responses. The 3D
printing approach allows for the precise fabrication of intricate structures, potentially
tailored to individual patient anatomies or complex neural architectures, opening

applications in neural interfaces, biosensors, and tissue engineering scaffolds.

Background & Context

The field of biomedical engineering has long grappled with the challenge of
biocompatibility in implantable devices. Conventional materials often elicit adverse
immune responses, inflammation, or fibrosis, which can compromise long-term device
function and patient health. The demand for materials that seamlessly integrate with
biological systems, minimizing rejection and maximizing functionality, is therefore critical.
Additive manufacturing, or 3D printing, provides an unprecedented ability to create
complex, customized structures from advanced biomaterials, addressing these

challenges by enabling patient-specific solutions.



Strategic Significance & Outlook

This groundbreaking work from Washington University holds transformative potential for
bioelectronics. The combination of collagen and PEDOT:PSS is expected to accelerate
the development of high-performance, biologically integrated medical implants, artificial
organs, and neural repair devices. In the future, this technology could enable devices
that more accurately measure and control biological electrical signals or stimulate tissue
regeneration, leading to significant improvements in clinical outcomes. While challenges
remain in terms of material stability, long-term in-vivo response, and scalable
manufacturing, the impact on the medical device industry and personalized medicine is

projected to be substantial.

Source: https://source.washu.edu/2026/09/a-unique-solution-for-bioelectronics-collagen-and-cacao-

butter/
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#04 DIC Corporation: New epoxy curing agent for
GenAl signal loss

Published October 02, 2026  Vision Watch | DIC Corporation Japan

| OVERVIEW

DIC Corporation has developed a novel curing agent for epoxy resins designed to
reduce signal loss in high-speed communication devices and generative Al systems.
This technology addresses charge accumulation issues in traditional epoxy resins,
improving signal integrity and enhancing heat resistance in electronic circuit boards.
The new curing agent maintains excellent processability and adhesion, crucial for the
reliability and efficiency of next-generation high-performance electronic devices,

supporting the rapid advancement of Al technologies.



| IN DEPTH

Key Findings

DIC Corporation has developed a pioneering new curing agent for epoxy resins aimed at
mitigating signal loss in high-speed communication devices and generative Al systems.
This innovative technology effectively suppresses charge accumulation, a common issue
in conventional epoxy resins, while simultaneously enhancing the heat resistance of
electronic circuit boards. Crucially, it achieves these improvements without
compromising essential processability and adhesion properties, promising a significant

boost in the reliability and efficiency of advanced electronic devices.

Technical / Clinical Details

The newly developed curing agent specifically utilizes active ester technology to inhibit
charge accumulation within the epoxy resin network. In high-frequency signal
transmission, charge buildup in dielectric materials leads to energy dissipation, and even
minimal signal loss can severely impact the performance of systems operating in Al and
5G/6G environments. By reducing dielectric loss, this curing agent improves signal
transmission efficiency. It also ensures the high heat resistance required for electronic
circuit boards, guaranteeing reliability under demanding operational conditions. The
formulation is carefully balanced to preserve excellent processability—including resin
flow and curing speed—and robust adhesion performance, vital for strong inter-material

bonding during board manufacturing.

Background & Context

The rapid evolution of generative Al and high-speed communication technologies
demands increasingly higher performance from the electronic circuit boards that process
and transmit vast amounts of data. The accelerating pace and volume of data have
introduced new challenges concerning the dielectric properties and thermal stability of
board materials. Traditional general-purpose epoxy resins are struggling to meet these
stringent requirements, prompting material manufacturers to focus on developing novel
resin systems and curing agents. DIC, leveraging its extensive expertise in material
development, is actively addressing these market needs with advanced solutions.
Furthermore, the company is engaged in developing recyclable epoxy resins,

contributing to more sustainable electronics manufacturing practices.



Strategic Significance & Outlook

This new epoxy resin curing agent is poised to become an indispensable technology for
the advancement of next-generation electronic devices, including generative Al servers,
data centers, 5G/6G communication infrastructure, and autonomous driving systems.
The reduction in signal loss and enhancement in heat resistance will improve device
operating speeds and reliability, while also contributing to better energy efficiency.
Through this technology, DIC Corporation expects to strengthen its leadership in the
high-performance materials market that underpins digital society, continuing to drive
innovation in the electronics sector. The commitment to recyclable epoxy resins further
addresses societal demands for reduced environmental impact, potentially enhancing its

competitive advantage.

Source: https://www.dic-global.com/en/contents/column/39.html
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#05 EU PFAS Restrictions: Food packaging
compliance timeline for 2026

Published September 24, 2026 SGS Germany Germany

| oveERVIEW

Under the EU Packaging and Packaging Waste Regulation (PPWR), restrictions on
PFAS (Per- and Polyfluoroalkyl Substances) in food contact packaging commenced
for products placed on the EU market after August 12, 2026. With no transition
period, affected companies are facing an urgent need to demonstrate compliance.
This mandate requires businesses to thoroughly assess their packaging materials,
identify potential PFAS risks, and secure necessary testing data to prove adherence

to regulatory requirements.



| IN DEPTH

Key Findings

The EU Packaging and Packaging Waste Regulation (PPWR) has imposed mandatory
restrictions on PFAS (Per- and Polyfluoroalkyl Substances) in food contact packaging for
all products introduced to the EU market after August 12, 2026. Given the absence of a
transition period, companies operating within or supplying to the EU face an immediate

imperative to demonstrate full compliance with these new regulations.

Technical / Clinical Details

This regulation specifically targets the intentional use of PFAS in packaging materials
that may come into contact with food. Companies are required to conduct
comprehensive evaluations of their packaging, identify any potential PFAS risks
throughout their supply chain, and provide robust testing data to prove compliance. This
includes rigorous analysis of material composition, tracking PFAS content from raw
material sourcing to final product, and verification by independent third-party
laboratories. The regulatory framework demands a proactive and transparent approach

to material management.

Background & Context

PFAS are widely recognized as 'forever chemicals' due to their extreme persistence and
potential adverse health and environmental impacts, leading to increasing global
regulatory scrutiny. Their presence in food contact materials raises direct consumer
health concerns, prompting the European Union to enact this robust measure to
safeguard food safety and environmental protection. This regulation significantly impacts
the packaging industry, forcing many companies to re-evaluate their material sourcing,

product design, and manufacturing processes.



Strategic Significance & Outlook

The implementation of these restrictions is set to accelerate the shift towards PFAS-free
materials in the food contact packaging sector. Companies must prioritize thorough risk
assessments, establish highly transparent supply chains, and intensify efforts in the
development and adoption of alternative materials. Non-compliant products will face
restricted access to the EU market, making compliance an essential factor for business
continuity. This regulatory push is expected to drive significant innovation in sustainable

and safe packaging solutions, redefining industry standards.

Source: https://www.sgs.com/en-de/news/2026/09/eu-pfas-requirements-for-packaging-materials
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#06 PFAS ban: ECHA's 2026 proposal for 14,000+
chemical compounds

Published October 02, 2026 The Innovator Europe

| OVERVIEW

The European Chemicals Agency (ECHA)'s scientific committees have endorsed a
proposal for the most extensive chemical restriction in European history, targeting an
estimated 14,000+ PFAS (per- and polyfluoroalkyl substances) across virtually all
industrial sectors. This pivotal decision, prompted by a January 2023 proposal from
five EU member states, acknowledges the growing risks PFAS pose to humans and
the environment and deems current regulations insufficient. The move signals a
strong commitment to significantly reduce PFAS use and emissions, driving industrial

transition towards safer alternatives.



| IN DEPTH

Key Findings

The scientific committees of the European Chemicals Agency (ECHA) have endorsed a
proposal for the most comprehensive chemical restriction in European history,
encompassing an estimated 14,000 or more PFAS (per- and polyfluoroalkyl substances)
across nearly all industrial sectors. This critical development underscores the recognized
escalating risks of PFAS to human health and the environment, concluding that current

regulatory frameworks are inadequate to control their widespread emissions.

Technical and Regulatory Details

The groundbreaking proposal, submitted in January 2023 by Denmark, Germany, the
Netherlands, Norway, and Sweden, aims to restrict the manufacture, placing on the
market, and use of PFAS in various products. PFAS, known for their exceptional water
and oil repellency, as well as durability, have been widely used in diverse applications
such as food packaging, textiles, and electronics. However, their persistent nature,
bioaccumulative properties, and potential toxicity have led to their moniker as 'forever
chemicals,' raising significant concerns about widespread environmental contamination

and associated health issues.

The ECHA committee's endorsement marks a crucial step toward implementing an EU-
wide restriction. The proposal will now undergo evaluation by the Socio-Economic
Analysis Committee (SEAC), followed by approval from the European Commission and
member states before specific restrictive measures are enacted. This regulatory shift is
expected to provide a strong impetus for industries to accelerate their transition to PFAS-

free alternative technologies and materials.



Background and Industry Context

Global concerns surrounding PFAS are mounting, with several U.S. states implementing
their own regulations regarding PFAS use and reporting obligations. The EU's proactive
stance is poised to be a powerful response to this global challenge, potentially
accelerating similar regulatory trends in other regions. The development of PFAS-free
alternatives is not only vital for environmental protection but also presents new market
opportunities. Industries, particularly in food packaging, are already advancing PFAS-
free coating technologies based on bio-based polymers and inorganic materials, albeit

with ongoing challenges to fully replicate the multifunctional performance of PFAS.

Future Outlook

If approved, this restriction proposal will necessitate a significant transformation across
European industries. Companies will be compelled to re-evaluate their entire supply
chains, shifting towards PFAS-free materials and processes. This will likely drive
increased investment in research and development and foster enhanced collaborations
with alternative material manufacturers. In the long term, it is anticipated to promote the
development of safer and more sustainable products, contributing to the greening of
Europe's chemical industry and setting a precedent for global environmental

stewardship.

Source: https://theinnovator.news/breaking-the-unbreakable-the-race-to-destroy-forever-chemicals/
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#07 Polyurethane waste: 13.6 wt% Toluene Diamine
yield specs

Published September 29, 2026 DocShare  Unknown

| oveERVIEW

A new study demonstrates that hydrothermal conversion with acidic and basic
additives can effectively depolymerize polyurethane (PU) waste, enabling efficient
recovery of the valuable chemical intermediate, 2,4-toluene diamine (TDA). Using
ethylenediamine as a catalyst at 180°C, the process achieved a 28.2% PU
conversion rate and a TDA yield of 13.6 wt%. This method holds promise for
improving PU waste recycling efficiency and contributing to sustainable chemical

production.



| IN DEPTH

Key Findings

A novel method has been established for the hydrothermal conversion of polyurethane
(PU) waste, effectively promoting depolymerization and maximizing the yield of 2,4-
toluene diamine (TDA), a valuable chemical intermediate, through the use of acidic and
basic additives. Specifically, employing ethylenediamine as a catalyst allowed for a
28.2% PU conversion rate and a 13.6 wt% TDA yield under relatively mild conditions of
180°C.

Technical and Clinical Details

This research was conducted with the aim of reducing the environmental impact and
enhancing the efficiency of resource recovery in polyurethane waste processing.
Polyurethane, a versatile polymer used in various products, still poses challenges in
terms of waste management. Hydrothermal conversion, utilizing water as a reaction
medium, is an environmentally friendly technology applicable to the degradation of

various plastic wastes, making it an attractive focus for sustainable solutions.

The researchers thoroughly evaluated the influence of acidic and basic additives on PU
degradation. It was found that these additives, particularly basic catalysts like
ethylenediamine, significantly accelerate the hydrolysis of urethane bonds in PU. In
experiments using ethylenediamine as a catalyst, at a reaction temperature of 180°C,
approximately 28.2% of the PU was decomposed, yielding 13.6 wt% of the target
product, 2,4-toluene diamine. This represents a substantial improvement compared to

yields without a catalyst, highlighting ethylenediamine's superior catalytic activity.

2,4-Toluene diamine is a key precursor to toluene diisocyanate (TDI), an essential
compound for manufacturing flexible polyurethane foams. If this technology can directly
recover TDA from PU waste, it could significantly reduce the use of virgin fossil

resources in TDI production, thereby contributing to a circular economy model.



Background and Industry Context

The global volume of polyurethane waste is increasing, making the development of
effective recycling technologies an urgent priority. Current recycling methods are largely
limited to material recycling and energy recovery. However, chemical recycling, which
converts waste back into its original monomers or high-value chemicals, offers higher
resource efficiency. Hydrothermal chemical recycling, as demonstrated in this study, has
advantages over traditional solvent-based degradation methods, including lower
environmental impact and improved safety. This technology offers a dual solution to both

resource depletion and waste management challenges.

Future Outlook

The hydrothermal conversion of PU waste using an ethylenediamine catalyst, as
presented in this research, is a promising approach for high-efficiency TDA recovery.
Future work will focus on further optimizing reaction conditions, exploring scalability, and
evaluating its applicability to different types of PU waste. If this technology is
commercially established, it is expected to significantly enhance sustainability within the
polyurethane industry and contribute to the construction of a new circular supply chain

for producing high-value chemicals from waste.

Source: https://docshare.wps.com/document/recycling-of-polyurethane-waste-facile-hydrothermal-
conversion-using-acidic-and-basic-additives/439303/
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#08 IsPETase-M8 explained: Sun Yat-sen University's

PET enzyme

Published September 25, 2026  Bioengineer.org China

| oveERVIEW

A research team from Sun Yat-sen University in China has developed 'IsPETase-M8,'
an innovative plastic-degrading enzyme capable of breaking down PET in natural
seawater at near room temperature (37°C) without significant freshwater use. This
enzyme overcomes the high temperature (65-75°C) and freshwater consumption
demands of conventional PET recycling, marking a revolutionary advancement in

combating marine plastic pollution.



| IN DEPTH

Key Findings

A research team from Sun Yat-sen University in China has presented a groundbreaking
solution to the pervasive issue of marine plastic pollution. They have developed a
plastic-degrading enzyme, 'IsPETase-M8," which efficiently breaks down polyethylene
terephthalate (PET), one of the world's most widely used polyesters, in natural seawater
at approximately room temperature (37°C). This remarkable achievement bypasses the
high heating requirements (65-75°C) and significant freshwater consumption typically
associated with conventional enzymatic recycling processes, leading to substantial

energy and resource savings.

Technical / Clinical Details

IsPETase-M8 is an engineered enzyme, developed using genetic engineering
techniques to modify the known plastic-degrading enzyme, PETase. The research team
optimized the enzyme's structure and catalytic active sites to achieve stability at lower
temperatures and high activity in a saline environment. While many traditional PETase
designs maximized activity at elevated temperatures, ISPETase-M8 demonstrates
optimal degradation efficiency at 37°C, close to human body temperature. This
characteristic makes it suitable not only for large-scale industrial applications but also
potentially for direct application in marine environments. Experiments have confirmed its
ability to effectively degrade discarded PET products in seawater, reducing them to their

monomeric components.

Background & Context

Marine plastic pollution is an urgent global environmental challenge, with PET being
heavily consumed in beverage bottles and textiles. Existing plastic recycling
technologies face limitations, including quality degradation in mechanical recycling and
challenges in cost and energy efficiency for chemical and enzymatic recycling.
Enzymatic recycling has been considered promising due to its specificity and low
environmental impact, but the need for high temperatures and freshwater has hindered
its widespread adoption. This research from Sun Yat-sen University addresses these
challenges simultaneously, paving the way for more sustainable and economical PET
recycling. It is hailed as a critical technological breakthrough for realizing a circular

economy.



Strategic Significance & Outlook

The development of the IsPETase-M8 enzyme opens up significant possibilities for in-
situ processing of marine plastics and the establishment of plastic recycling facilities in
regions with limited freshwater resources. Future challenges include reducing the
production cost of this enzyme, scaling up its production, and validating its long-term
durability and efficiency in actual marine environments and industrial settings.
Furthermore, research into its application for degrading other plastics is likely to
progress. If this technology gains widespread practical use, it is expected to contribute
immensely to reducing plastic pollution, efficient resource utilization, and the realization

of a sustainable society.

Source: https://bioengineer.org/engineered-enzyme-shreds-plastic-in-seawater-at-room-temperature/
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#09 EU Cosmetics Regulation: PFAS and microplastics
2035 timeline

Published September 29, 2026 Life Science Daily News Unknown

| oveERVIEW

The European Union is establishing new regulatory frameworks for PFAS (forever
chemicals) and intentionally added microplastics in cosmetics, aiming for their
elimination. However, due to the commercial unavailability of alternatives that can
replicate the functionalities of PFAS and synthetic polymer microparticles, particularly
in long-lasting color cosmetics, the EU has granted a transition period of up to 2035.
This period is intended to provide the industry with the necessary time for research,
development, and scaling up of alternative materials and manufacturing processes,

fostering innovation.



| IN DEPTH

Key Findings

The European Union (EU) is implementing two distinct regulatory regimes targeting
PFAS (per- and polyfluoroalkyl substances) and intentionally added microplastics in the
cosmetics sector, aiming for their phased elimination. These regulations are driven by
pressing environmental pollution and public health concerns. Specifically for long-lasting
color cosmetics, where PFAS and synthetic polymer microparticles currently provide
essential functionalities (e.g., durability, texture, smoothness), commercially viable
alternatives are not yet available. Consequently, the EU has granted the industry a
transition period extending up to 2035, providing crucial time for companies to research,

develop, and scale up alternative solutions.

Technical / Clinical Details

PFAS have been utilized in cosmetics for their water-repellent, oil-repellent, film-forming,
and smoothing properties. Synthetic polymer microparticles (microplastics), on the other
hand, are widely incorporated into foundations, mascaras, lipsticks, and sunscreens as
scrub agents, thickeners, emulsion stabilizers, and pigment dispersants. While these
ingredients significantly contribute to product performance and consumer experience,
their release into the environment leads to persistence and potential adverse effects on

ecosystems and human health through the food chain.

The EU regulations aim to restrict the intentional addition of these substances. However,
developing commercially viable alternatives for long-lasting color cosmetics that can
match the performance of PFAS and microplastics, without toxicity, remains extremely
challenging. Alternative development involves designing new polymer structures, utilizing
natural ingredients, and exploring non-polymeric substitutes with controlled particle sizes
and shapes. This requires significant technological hurdles, time, and substantial

investment.



Background & Context

The EU is a global leader in chemical regulation, adopting pioneering approaches to
PFAS and microplastic control. In 2023, a broad proposal was made to restrict the
widespread use of PFAS, with strong calls for their elimination as "forever chemicals."
Microplastic regulations are also being strengthened due to concerns about marine
pollution. The cosmetics industry faces increasing consumer environmental awareness
and regulatory pressure, making the transition to sustainable product portfolios an urgent
priority. However, developing and implementing alternatives while balancing product

safety, performance, cost, and availability poses a significant challenge for the industry.

Strategic Significance & Outlook

The transition period until 2035 presents a critical opportunity for the cosmetics industry
to accelerate innovation. During this time, companies must focus on developing high-
performance, safe alternatives to PFAS and microplastics and establish sustainable
solutions across their entire supply chains. Natural polymers, biodegradable polymers,
and mineral-based ingredients are among the alternative candidates under investigation.
These regulations are expected to drive green chemistry and sustainable innovation in
the cosmetics industry, leading to the broader market availability of more
environmentally friendly and safer cosmetic products in the future. Simultaneously, this
movement holds the potential to serve as a model for PFAS and microplastic regulations

in other industrial sectors.

Source: https://lifesciencedaily.news/cosmetics-regulation-pfas-microplastics/
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#10 Polymer Informatics: arXiv's Al super-intelligence
roadmap

Published September 29, 2026 arXiv USA

| OVERVIEW

arXiv has released a detailed roadmap towards "polymer informatics super-
intelligence," proposing a system that integrates data, models, and decision-making
to fundamentally transform polymer design. This framework aims for inverse design,
causal reasoning across chemistry, processing, and performance, and closed-loop
autonomous experimentation. The core of this approach is the establishment of a
"self-driving polymer laboratory," combining generative design with synthesis-

feasibility reasoning.



| IN DEPTH

Key Findings

A roadmap published on arXiv presents a comprehensive vision for achieving "super-
intelligence" in polymer science. This framework aims to dramatically accelerate the
discovery, design, and development processes of polymers by leveraging Al-driven data
integration, model building, and decision-making capabilities. Particular emphasis is
placed on the inverse design of polymers, elucidating causal relationships between
chemistry, processing, and performance, and establishing an autonomous, closed-loop

experimental system.

Technical / Clinical Details

« Inverse Design and Causal Reasoning: Unlike traditional trial-and-error
approaches, this proposed system enables "inverse design," where the desired
polymer properties dictate the initial design of the molecular structure. Furthermore, it
incorporates a "causal reasoning" mechanism to understand how polymer
composition influences processing parameters and ultimate performance, providing a

deeper scientific insight.

¢ Closed-Loop Autonomous Experimentation: The roadmap proposes "closed-loop
autonomous experimentation,” where Al models make predictions, robots
automatically execute synthesis and measurements, and the results are fed back to
the Al for iterative learning and refinement of subsequent experimental plans. This

self-correcting system minimizes human intervention, accelerating optimization.

o Self-Driving Polymer Laboratory: The integration of these elements aims to create
a "self-driving polymer laboratory." This platform is envisioned as a fully autonomous
research system where data generation, model refinement, decision-making, and
physical experimentation are seamlessly integrated, marking a significant leap in

materials R&D.



Background & Context

Polymer materials are indispensable across diverse industries, including electronics,
medicine, energy, and aerospace. However, their vast design space and complex
structure-property relationships have historically made the discovery and optimization of
novel polymers a time-consuming and costly endeavor. The recent advancements in Al
and robotics have spurred growing interest in data-driven approaches within materials
science. This roadmap offers an innovative solution to the challenges faced by polymer

scientists, promising to unlock unprecedented efficiencies.

Strategic Significance & Outlook

The realization of this "polymer informatics super-intelligence" roadmap is expected to
drastically accelerate the discovery rate of new functional polymer materials and
significantly reduce development timelines and costs. This will fuel technological
innovations across various sectors, including bespoke medical materials, high-efficiency
energy conversion devices, and eco-friendly bioplastics. In the future, this approach
could establish a more efficient R&D paradigm, allowing human researchers to focus on
higher-level scientific inquiries while Al and robotics handle routine experimentation and
optimization. This paradigm shift will be crucial for maintaining competitiveness and

driving innovation in advanced materials.

Source: https://arxiv.org/html/2609.34051v1
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#11 CRRC: 110m recyclable wind turbine blade
material recovery specs

Published September 25, 2026 PRNewswire USA

| oveERVIEW

CRRC has successfully completed the production of an innovative 110-meter
recyclable wind turbine blade, featuring a material system based on high-efficiency
de-bondable infusion resins that enable over 95% recovery of key raw materials post-
use. This breakthrough leverages patented reversible chemical debonding
technology to efficiently separate resin from reinforcing fibers. This development
significantly accelerates the wind energy sector's transition towards a circular

economy by drastically reducing waste and promoting resource reuse.



| IN DEPTH

Key Findings

CRRC has announced the successful completion of production for a groundbreaking
110-meter recyclable wind turbine blade, poised to significantly enhance the
sustainability of the wind power industry. The key innovation lies in its capability for post-
use disassembly and recycling, with over 95% of its primary raw materials being
effectively recoverable. This achievement is made possible through a high-efficiency de-
bondable infusion resin system coupled with a reversible chemical debonding

technology that cleanly separates resin from reinforcing fibers.

Technical/Clinical Details

The new turbine blade incorporates a specialized de-bondable infusion resin matrix. This
resin is engineered to provide excellent mechanical strength and durability during the
blade's operational life, while also being easily decomposable through a specific
chemical process at the end of its service life. The core of this technology is CRRC's
proprietary reversible chemical debonding technique, which enables the separation of
cured resin from reinforcing fibers, such as glass or carbon fibers. Traditional wind
turbine blades typically use thermoset resins, which are difficult to break down once
cured, often leading to landfilling or incineration. This new technology overcomes this
challenge by allowing high-quality fiber materials and resin components to be recovered
for reuse, substantially reducing waste and promoting circular resource utilization. The

over 95% material recovery rate underscores its profound environmental benefit.

Background & Context

Wind power is a crucial pillar of renewable energy, yet the disposal of massive turbine
blades at the end of their lifespan poses a pressing challenge for the entire industry.
Most blades are made from composite materials, which are technically difficult to
recycle, raising concerns about their environmental impact. Against this backdrop,
CRRC's recyclable blade emerges as a vital solution for enhancing the overall
sustainability of wind energy's lifecycle. This represents not just a product improvement
but a breakthrough that can influence industry business models and environmental

strategies.



Strategic Significance & Outlook

The success of CRRC’s 110-meter recyclable wind turbine blade marks a significant
stride toward realizing a circular economy within the wind power sector. It is anticipated
that this technology will become an industry standard, leading to its widespread adoption
across more wind turbine blades. This will further reduce the environmental footprint of
wind energy and accelerate the construction of sustainable energy production systems.
Furthermore, this technology is not limited to wind turbine blades; it holds potential for
application in recycling other composite material products, contributing to improved

resource efficiency across a broad range of industries.

Source: https://www.prnewswire.com/news-releases/crrc-completes-production-of-110-meter-recyclable-

wind-turbine-blade-achieving-over-95-recovery-of-key-materials-302888789.html
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#12 IFUN: Dental Model Resin 3160 3D printing specs
and HDT

Published September 24, 2026 IFUN  Unknown

| oveERVIEW

IFUN has announced a comprehensive range of dental 3D printing resins, highlighted
by its high-precision photopolymer "Dental Model Resin 3160," achieving a 120°C
heat deflection temperature (HDT) and ultra-low shrinkage of less than 0.5%.
Additionally, "Gingiva Mask Resin 3161," a flexible elastomer with a Shore A
hardness of 50-60A, was introduced to accurately simulate gingival compliance.
These new materials are poised to significantly advance the precision and versatility

of digital dentistry.



| IN DEPTH

Key Findings

IFUN has introduced a comprehensive lineup of specialized 3D printing resins tailored
for the digital dentistry market. Among these, the high-precision photopolymer "Dental
Model Resin 3160" stands out, achieving an impressive heat deflection temperature
(HDT) of 120°C and an ultra-low shrinkage rate of less than 0.5%, demonstrating
superior thermoforming capabilities and dimensional stability. Furthermore, the
introduction of "Gingiva Mask Resin 3161," a flexible elastomer with a Shore A hardness

of 50-60A, now allows for accurate simulation of gingival compliance.

Technical/Clinical Details

The primary advantage of "Dental Model Resin 3160" lies in its exceptional precision
and heat resistance. Unlike conventional dental model resins that risk distortion during
thermoforming processes, its high HDT of 120°C minimizes model deformation during
the production of thermoformed clear aligners or splints, ensuring a precise fit. The low
shrinkage rate of less than 0.5% guarantees high fidelity with digital designs based on
scan data, directly translating to improved accuracy of final restorations. Concurrently,
"Gingiva Mask Resin 3161" was developed as an elastomeric photopolymer to replicate
the tactile sensation and flexibility of natural gingiva. Its Shore A hardness of 50-60A
enables accurate reproduction of subgingival margins and realistic simulation of gingival
compression during prosthesis placement, allowing technicians to design and adjust
prostheses in a clinically relevant manner. This significantly enhances the functionality,

aesthetics, and fit of final prostheses.

Background & Context

Digital dentistry has rapidly gained traction, driven by advancements in intraoral
scanners, CAD/CAM systems, and 3D printing technology. This evolution streamlines
workflows from patient diagnosis to treatment and prosthesis fabrication, improving
treatment predictability and accuracy. IFUN's newly announced materials address
specific challenges faced by dental laboratories and clinics, such as the need for high-
precision model creation, stability during thermoforming, and realistic gingival simulation.
In the competitive digital dental materials market, these characteristics serve as key

differentiators, vital for establishing market leadership.



Strategic Significance & Outlook

The introduction of IFUN's new dental resins significantly expands the possibilities of
digital dentistry, opening doors for addressing more complex cases and advanced
treatment planning. These high-performance materials are expected to contribute to
enhanced accuracy in surgical guides for implantology, precise fine-tuning of final
restorations in aesthetic dentistry, and increased efficiency in aligner production for
orthodontics. The synergy of materials science and 3D printing technology promises a
future where more comfortable and high-quality dental treatments are delivered to

patients.

Source: https://ifun3d.com/dental-3d-resins
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#13 Vulkollan: Covestro chemical recycling pilot
carbon reduction

Published September 24, 2026  Circular Economy News Germany

| oveERVIEW

Covestro has launched a new pilot plant in Leverkusen, Germany, for the chemical
recycling of its high-performance cast elastomer, Vulkollan®. This technology
efficiently breaks down over 90% of end-of-life Vulkollan® materials into purified
chemical building blocks, potentially reducing carbon emissions by up to two-thirds
compared to fossil-based virgin materials. The pilot plant aims to refine the process
and generate data for future industrial-scale expansion, with Covestro also exploring
circular solutions for other specialty elastomers and thermoplastic polyurethanes
(TPU).



| IN DEPTH

Key Findings: Covestro Pioneers Vulkollan® Chemical Recycling, Cutting

Carbon Emissions by Up to Two-Thirds

Covestro has commenced operations at a new pilot plant in Leverkusen, Germany,
dedicated to the chemical recycling of its high-performance cast elastomer, Vulkollan®.
This breakthrough process allows for the efficient depolymerization of over 90% of end-
of-life Vulkollan® materials into their original chemical building blocks. This innovation is
projected to reduce carbon emissions by up to two-thirds compared to using fossil-based

virgin materials.

Technical & Clinical Details: Over 90% Recovery Rate and Broad Application

Potential

The chemical recycling technology implemented by Covestro effectively breaks down the
complex cross-linked structure of Vulkollan® to recover high-purity monomers and
oligomers as chemical feedstocks. The pilot plant is designed to process several tons of
used Vulkollan® material annually, with the recovered building blocks being reintegrated
into the production of new Vulkollan®. This establishes a closed-loop system for a

material previously considered difficult to recycle.

e High Recovery Rate: Over 90% of end-of-life Vulkollan® material is recovered as

purified chemical building blocks.

o Carbon Emission Reduction: Achieves up to a two-thirds (approximately 67%)

reduction in carbon emissions compared to using fossil-based virgin materials.

¢ Process Objectives: The pilot plant's primary goals include further process
optimization, validation of technical feasibility, and data generation for future

industrial-scale expansion.

* Expanded Scope: Covestro is actively investigating the application of this
technology beyond Vulkollan® to include other specialty cast elastomers and

thermoplastic polyurethanes (TPU).



Background & Industry Context: Commitment to Circular Economy and

Resource Efficiency

Vulkollan®, a high-performance elastomer, is widely used in demanding applications
such as forklift tires, amusement park wheels, and sealing materials due to its
exceptional mechanical properties and durability. However, its complex nature has
historically made it challenging to recycle, leading to incineration or landfilling. Covestro
is committed to a "fully circular" vision, aiming for all its products to be circular by 2035.
This pilot plant represents a significant step towards achieving that goal, particularly in

enhancing resource efficiency for previously hard-to-recycle high-performance polymers.

This initiative aligns with global environmental directives, including the European Green
Deal and the Circular Economy Action Plan, which incentivize companies to develop

sustainable solutions and reduce their environmental footprint.

Future Outlook: Scaling to Industrial Production and Market Impact

The success of the Leverkusen pilot plant will lay the groundwork for realizing
commercial-scale chemical recycling of Vulkollan®. As data collection and process
refinement progress, larger industrial plants are expected to be considered within a few
years. Once established, this technology is anticipated to significantly elevate
sustainability standards within the high-performance elastomer market, bolster supply
chain resilience for raw materials, and reduce dependence on fossil resources.
Covestro's efforts through this technology are set to further solidify its position as a

provider of high-performance, environmentally responsible materials.

Source: https://circular-economy-news.com/index.php/materials/90-recyclable-covestro-takes-elastomer-

recycling-from-lab-to-pilot-scale
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#14 KAIST: Biodegradable aromatic PHA adhesives vs
petroleum melts

Published September 28, 2026 KAIST South Korea

| oveERVIEW

A KAIST research team has engineered E. coli to produce novel aromatic
polyhydroxyalkanoate (PHA) polymers from glucose, creating bio-based hot-melt
adhesives. These new PHAs demonstrate adhesive strength and thermal properties
comparable to petroleum-derived counterparts, while being fully biodegradable. This
metabolic engineering approach offers tunable polymer properties for diverse

applications, promising a significant impact on the sustainable adhesive market.



| IN DEPTH

Key Findings

A research team at KAIST (Korea Advanced Institute of Science and Technology) has
achieved a breakthrough in sustainable materials by developing new aromatic
polyhydroxyalkanoate (PHA) polymers from glucose using metabolically engineered
Escherichia coli. These bio-based PHAs serve as sustainable alternatives to petroleum-
derived hot-melt adhesives, critically matching their adhesive performance and thermal
properties while being fully biodegradable. This innovation marks a significant step

towards environmentally friendly industrial glues.

Technical / Clinical Details

The KAIST team precisely designed and optimized the metabolic pathways within E. coli
to channel glucose into the production of aromatic monomers (e.g., 4-
hydroxyphenylacetate) and PHA precursors. This enabled the biosynthesis of novel
copolymers incorporating aromatic moieties into the PHA backbone. The introduction of
aromatic groups is crucial for enhancing the thermal and mechanical properties of the
polymer, such as glass transition temperature (Tg), melting point, and adhesive strength.
Compared to conventional aliphatic PHAs, these aromatic PHAs exhibit superior
adhesion and heat resistance, making them highly suitable for practical adhesive
applications. The ability to control the monomer composition via genetic engineering

allows for fine-tuning of the final polymer characteristics.

Background & Context

The global adhesive market, despite its vast size and diverse applications, remains
heavily reliant on petroleum-based, non-biodegradable materials, posing significant
environmental challenges. Hot-melt adhesives, in particular, are used extensively in
packaging, bookbinding, and automotive components. The increasing concerns over
fossil resource depletion, tightening environmental regulations, and growing consumer
demand for sustainable products have spurred urgent research into bio-based and
biodegradable adhesives. KAIST's research directly addresses these global needs by

providing a promising, high-performance, and eco-friendly alternative.



Strategic Significance & Outlook

The development of glucose-derived aromatic PHA adhesives has the potential to
revolutionize the sustainable adhesive market. The metabolic engineering approach
offers unprecedented flexibility in tailoring polymer composition and properties, allowing
for the creation of customized adhesives with optimized adhesion, flexibility, and
degradation rates for specific industrial demands, such as biodegradable electronics,
medical patches, and eco-friendly packaging materials. Future efforts will focus on
scaling up the production process, improving cost-efficiency, and conducting
comprehensive long-term performance and safety assessments across various
applications. Ultimately, this technology is expected to drive a significant shift away from
petroleum-derived adhesives, contributing to a broader sustainable product ecosystem

and reducing the overall environmental impact of industrial manufacturing.

Source: https://www.kaist.ac.kr/newsen/html/news/?
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#15 RespiGard: Asahi Kasei PFAS-free polypropylene
membrane specs

Published September 25, 2026  Parola Analytics International

| oveERVIEW

Waterproof textile technology is rapidly transitioning towards PFAS-free solutions due
to increasing environmental regulations. This shift is driven by innovations such as
nanoscale surface treatments, fluorine-free chemical finishes, and hydrophobic yarns
with specialized polymer coatings. While companies like Daikin, Kemira, and W. L.
Gore & Associates develop PFAS-free apparel technologies, Japan's Asahi Kasei
stands out with its naturally hydrophobic polypropylene membrane, RespiGard,

offering a high-performance, eco-conscious material solution.



| IN DEPTH

Key Findings

The field of waterproof textile technology is rapidly accelerating its transition towards
PFAS (per- and polyfluoroalkyl substances)-free solutions. This shift is underpinned by
technological innovations including nanoscale surface treatments, fluorine-free chemical
finishes, and hydrophobic yarns enhanced with specialized polymer coatings. Notably,
major international companies such as Daikin, Kemira, and W. L. Gore & Associates are
heavily investing in developing PFAS-free waterproof and breathable apparel
technologies, with Japan's Asahi Kasei drawing significant attention for introducing its
naturally hydrophobic polypropylene membrane, 'RespiGard,' marking a critical

advancement in this sector.

Technical / Clinical Details

Traditionally, waterproof breathable membranes extensively utilized fluorinated polymers
like PTFE (polytetrafluoroethylene). However, growing environmental persistence and
health concerns associated with PFAS have necessitated the urgent development of
alternatives. New PFAS-free technologies generally adopt three main approaches. The
first involves nanoscale surface modification of fibers to impart water repellency by
maintaining a high contact angle for water droplets. The second uses non-fluorinated
water-repellent chemical finishes, often leveraging silicone-based or wax-based polymer
compounds. The third approach coats individual textile threads with special polymers,
enabling both water repellency and breathability for the entire fabric. Asahi Kasei's
RespiGard leverages the inherent hydrophobicity of polypropylene, achieving
waterproofness through a microporous structure while maintaining high breathability.
This design effectively prevents external water ingress while efficiently expelling internal

moisture, making it highly suitable for apparel requiring both comfort and performance.



Background & Context

With PFAS regulations becoming increasingly strict worldwide, particularly in the
European Union (EU), the apparel industry is under pressure to adopt fluorine-free
alternative materials across its entire supply chain. Heightened consumer environmental
awareness further drives demand for PFAS-free products. Even fluorochemical giants
like Daikin are pivoting towards fluorine-free product development, intensifying
competition during this market transformation. Reports from Parola Analytics, based on
patent analysis, corroborate this trend, revealing active corporate investment in new

technology development in this space.

Strategic Significance & Outlook

The evolution of PFAS-free waterproof textile technology holds the potential to
revolutionize diverse product categories, including outdoor wear, sports apparel, and
medical textiles. Naturally derived hydrophobic materials like Asahi Kasei's RespiGard,
along with technologies utilizing bio-based polymers, are expected to see accelerated
research and development as next-generation waterproof solutions that balance
environmental performance with functionality. The market will continue its strong shift
towards PFAS-free products, and the introduction of innovative materials and
manufacturing processes is anticipated to establish new industry standards. This
transformation promises contributions to a sustainable society and the creation of new

market opportunities.

Source: https://parolaanalytics.com/parolanews/hydrophobic-threads-waterproof-tech-patent-landscape/
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