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This Week in 90 Seconds EXECUTIVE SUMMARY

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

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

decisions.

SIGNAL 01 | MOLECULE & FORMULATION SIGNAL 02 | MATERIAL PRODUCTION

Acrylic Glass Recycling: ETH Zurich's Lignin-Based Carbon Fiber: Low-Cost

Low-Energy Depolymerization Bio-Based Specs and Process

Researchers at ETH Zurich have developed a cost-effective Researchers at lowa State University have developed a

method to break down acrylic glass into its constituent high-strength, low-cost carbon fiber using softwood kraft lignin

monomers with a yield of up to 98%. and bio-oil leftovers. The material achieves a tensile strength of
2.45 gigapascals at a cost below five dollars per pound,
exceeding U.S.

SIGNAL 03 | PROCESSING SIGNAL 04 | COMPONENT ADOPTION

Amino Acid Polymers: Closed-Loop Huvis EcoEver LM: Chemical Recycling for

Synthesis and Recycling 2026 Automotive LMF Fiber

Chemists have developed a closed-loop method to produce Huvis has commercialized the world's first chemically recycled

biodegradable amino acid-based polymers that reuse carbon low-melt adhesive fiber (LMF) for automotive interiors, titled

dioxide by-products as reagents. EcoEver LM.

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 SOURCE-BOUND METRICS

Five numbers or evidence anchors that require conditions
SOURCE-BOUND CONDITION
98%

A0S glass into its constituent monomers with a yield of up to 98%.

Researchers at ETH Zurich have developed a cost-effective method to break down acrylic

SOURCE-BOUND CONDITION
The material achieves a tensile strength of 2.45 gigapascals at a cost below five dollars per
pound, exceeding U.S.

SOURCE-BOUND CONDITION

The material reduces carbon emissions by approximately 56% compared to
petrochemical-based LMF and earned the Innovation and Sustainability award at the 2026
ITMF Awards.

SOURCE-BOUND CONDITION

Researchers have demonstrated that ultra-low doses of nanoparticles (0.01 to 0.1 wt%) can
reorganize the internal structure of recycled plastic and sand composites to improve
performance.

SOURCE-BOUND CONDITION

In freestanding films, an optimal 10 weight percent loading improved CO2 permeability to 198.6
Barrer and selectivity to 41.4, partially overcoming the traditional permeability-selectivity
trade-off.

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

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

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

Researchers at ETH
Zurich have developed
a cost-effective method
to break down acrylic
glass into its
constituent monomers.

Material

production

P02/P07

Researchers at lowa
State University have
developed a high-streng
th, low-cost carbon
fiber using softwood
kraft lignin and.

Processing

P03/P08

Chemists have
developed a closed-loo
p method to produce
biodegradable amino
acid-based polymers
that reuse carbon
dioxide.

Component
adoption
P04/P09

Huvis has commercializ
ed the world's first
chemically recycled
low-melt adhesive fiber
(LMF) for automotive
interiors, titled.

Recovery &
reuse

P05/P10

Researchers led by
Menachem Elimelech
at Rice University have
found that dense
polymer membranes
contain interconnected.

EVIDENCE REQUIRED AT EACH HANDOFF

Molecule & formulation to Material

production

Material production to Processing

Processing to Component adoption

Component adoption to Recovery &

reuse

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

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

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

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

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

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

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

Troy Technical | Polymers & Resins | cutoff 2026-10-23

04



Priority Map
Priority map: maturity and next decision locus

Next decision locus (categories)

Business / rules

System / adoption @ @ @

Tech / process @ @ @ @
©C

Research Prototype Joint eval. Adoption Scale

Deployment maturity —

REPRODUCIBLE POSITIONING RULE

P01

P02

P03

P04

P05

PO7

P08

P10

MATURITY / NEXT DECISION LOCUS

Acrylic Glass Recycling: ETH Zurich's
Low-Energy Depolymerization
System / adoption | cue: adoption

Lignin-Based Carbon Fiber: Low-Cost
Bio-Based Specs and Process

Tech / process | cue: no
system/business cue

Amino Acid Polymers: Closed-Loop
Synthesis and Recycling 2026
Tech / process | cue: no
system/business cue

Huvis EcoEver LM: Chemical
Recycling for Automotive LMF Fiber
System / adoption | cue:
commercialized

Dense Polymer Membranes:
Interconnected Nanopore Networks vs
Solution-Diffusion Model

Tech / process | cue: no
system/business cue

Sand-Polymer Composites:
Nanomodifier Effects on Recycled
PP/LDPE

System / adoption | cue: ordered

Supercritical CO2: Polyester Dye
Redistribution for Fiber Recycling
Tech / process | cue: no
system/business cue

Polystyrene Nanoparticles: CO2
Capture Boost in PEBAX Membranes
Tech / process | cue: no
system/business cue

Kirin HD: PET Depolymerization via
Twin-Screw Extruder Specs

Tech / process | cue: no
system/business cue

Fluorine-Free Battery Binder: UC San
Diego's Sustainable Roadmap

Tech / process | cue: no
system/business cue

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.

A05 | Molecule & formulation | Joint evaluation

FACT
Researchers at ETH Zurich have developed a cost-effective

method to break down acrylic glass into its constituent
monomers with a yield of up to 98%. By reducing the required
temperature from 400 to just over 200 degrees Celsius and
eliminating solvents, the process makes high-purity chemical
recycling economically viable for industrial adoption.

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.

Acrylic Glass Recycling: ETH Zurich's Low-Energy Depolymerization

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 20/25 | MATURITY 3/5 | DECISION LOCUS: SYSTEM / ADOPTION

P02

A13 | Material production | Pilot

FACT
Researchers at lowa State University have developed a

high-strength, low-cost carbon fiber using softwood kraft lignin
and bio-oil leftovers. The material achieves a tensile strength of
2.45 gigapascals at a cost below five dollars per pound,
exceeding U.S. Department of Energy benchmarks for
automotive applications.

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.

Lignin-Based Carbon Fiber: Low-Cost Bio-Based Specs and Process

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.

P03

A09 | Processing | Product adoption

FACT
Chemists have developed a closed-loop method to produce

biodegradable amino acid-based polymers that reuse carbon
dioxide by-products as reagents. This process enables
high-rate recovery of monomer building blocks through
chemical recycling, offering a sustainable alternative to

conventional plastics.

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.

Amino Acid Polymers: Closed-Loop Synthesis and Recycling 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 P03.

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

P04

AQ7 | Component adoption | Research

FACT
Huvis has commercialized the world's first chemically recycled

low-melt adhesive fiber (LMF) for automotive interiors, titled
EcoEver LM. The material reduces carbon emissions by
approximately 56% compared to petrochemical-based LMF and
earned the Innovation and Sustainability award at the 2026
ITMF Awards.

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.

Huvis EcoEver LM: Chemical Recycling for Automotive LMF Fiber

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.

Solution-Diffusion Model
A17 | Recovery & reuse | Pilot

FACT
Researchers led by Menachem Elimelech at Rice University

have found that dense polymer membranes contain
interconnected subnanometer pore networks rather than being
nonporous solids. This discovery challenges the 60-year-old
solution-diffusion model, suggesting that transport is governed
by these hidden pathways rather than concentration-driven
diffusion.

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.

Dense Polymer Membranes: Interconnected Nanopore Networks vs

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

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.

A19 | Molecule & formulation | Product adoption

FACT
Researchers have demonstrated that ultra-low doses of

nanoparticles (0.01 to 0.1 wt%) can reorganize the internal
structure of recycled plastic and sand composites to improve
performance. By utilizing specific nanomodifiers and chemical
activation of quartz sand, the team achieved a more ordered
supramolecular arrangement that alters melt flow behavior.
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 Sand-Polymer Composites: Nanomodifier Effects on Recycled PP/LDPE

EDITORIAL SCORE 19/25 | MATURITY 4/5 | DECISION LOCUS: SYSTEM / ADOPTION

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.
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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.

A11 | Material production | Pilot

FACT
Researchers at the University of Fukui have developed a

method to create uniform colors in polyester fibers by
redistributing existing dyes using supercritical carbon dioxide
(scCO2). By treating fabrics at 120 degrees Celsius and 25
megapascals, the team achieved color convergence without
the need for initial dye removal. This process provides a
potential laboratory route for fiber-to-fiber recycling of colored
synthetic textiles.

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.

Supercritical CO2: Polyester Dye Redistribution for Fiber Recycling

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

A16 | Processing | Pilot

FACT
Researchers at Yonsei University have developed a

mixed-matrix membrane using sulfonated polystyrene
nanoparticles in a PEBAX copolymer to simultaneously
increase CO2 permeability and CO2/N2 selectivity. In
freestanding films, an optimal 10 weight percent loading
improved CO2 permeability to 198.6 Barrer and selectivity to
41.4, partially overcoming the traditional permeability-selectivity

trade-off.

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.

P08 Polystyrene Nanoparticles: CO2 Capture Boost in PEBAX Membranes

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 2/5 | DECISION LOCUS: TECH / PROCESS
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Priority Themes 09-10

FACT / READ / ACTION / UNKNOWN

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

m Kirin HD: PET Depolymerization via Twin-Screw Extruder Specs

A06 | Component adoption | Research

FACT
Kirin Holdings and Japan Steel Works have reduced PET

depolymerization time from four hours to under 10 minutes
using a twin-screw kneading extruder. This process enables
high-efficiency chemical recycling by utilizing mechanochemical
reactions to break molecular bonds. The technology allows for
the semi-permanent recycling of plastic resources into
virgin-quality resin.

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

P10 Fluorine-Free Battery Binder: UC San Diego's Sustainable Roadmap

A12 | Recovery & reuse | Pilot

FACT
Researchers from the University of California San Diego and

Toyota Research Institute of North America have developed a
water-processable, fluorine-free battery binder. The material
reduces energy costs by 6.9%-9.3% and greenhouse gas
emissions by 7.2% during recycling, enabling sustainable direct
recycling of electrodes.

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 2/5 | DECISION LOCUS: TECH / PROCESS
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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
Risk screen

Owner: Procurement + legal
Deliverable: unknowns, alternatives,

stop

NEXT | 1-12 MONTHS

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

G1 Evidence Quality Source, test conditions and reproducibility No traceable evidence

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

conditions

G3 Commercial Business Capacity, total cost, contract and alternatives Economics or supply cannot
be supported
G4 Lifecycle Operations Monitoring, maintenance, change notice and exit No accountable operating plan
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Analyzed Articles 1/2

ANALYZED ARTICLES | ITEMS 01-10

FULL TITLES / FULL SOURCE URLS

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

HTML did not retain its original source URL.

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

Vanillin-derived Epoxy Coating: Marine Corrosion Specs and 2,640

AO01
h Test
AO2 Michael Addition Coatings: Alkaline Protection for Al-Formwork
AO3 PEGDA Gelation: Metal Salt-Induced Polymerization without
Initiators
AO4 OpenCAL: Open-Source Volumetric 3D Printer Specs and Adoption
AO5 Acrylic Glass Recycling: ETH Zurich's Low-Energy
Depolymerization
A6 Kirin HD: PET Depolymerization via Twin-Screw Extruder Specs
AO7 Huvis EcoEver LM: Chemical Recycling for Automotive LMF Fiber
AO8 Enzyme-embedded polyesters: Deep-sea biodegradation specs
AO9 Amino Acid Polymers: Closed-Loop Synthesis and Recycling 2026
A10 Vitrimer Plastics: Chemistry vs. Diffusion in Network Relaxation
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https://www.european-coatings.com/news/coatings-technologies/bio-based-e
poxy-coating-resists-marine-corrosion-for-2640-h/

https://www.european-coatings.com/news/coatings-technologies/michael-ad
dition-coatings-protect-aluminium-formwork-from-alkaline-attack/

https://www.european-coatings.com/news/coatings-technologies/metal-salt-s
olutions-trigger-gelation-of-pegda-without-initiators/

https://3dprintingindustry.com/news/build-it-yourself-opencal-volumetric-3d-p
rinter-forms-whole-parts-in-90-seconds-for-1600/

https://ethz.ch/en/news-and-events/eth-news/news/2026/10/new-method-ma
kes-acrylic-glass-recycling-economically-viable.html

https://www.nikkan.co.jp/articles/view/795220

https://www.sedaily.com/article/20104519

https://www.nature.com/articles/s41586-026-11192-1

https://cen.acs.org/materials/polymers/co2-neutral-amino-acid-polymers/104/
web/2026/10

https://bioengineer.org/chemistry-and-diffusion-race-to-control-how-recyclabl
e-vitrimer-plastics-relax/
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https://www.nikkan.co.jp/articles/view/795220
https://www.sedaily.com/article/20104519
https://www.nature.com/articles/s41586-026-11192-1
https://cen.acs.org/materials/polymers/co2-neutral-amino-acid-polymers/104/web/2026/10
https://cen.acs.org/materials/polymers/co2-neutral-amino-acid-polymers/104/web/2026/10
https://bioengineer.org/chemistry-and-diffusion-race-to-control-how-recyclable-vitrimer-plastics-relax/
https://bioengineer.org/chemistry-and-diffusion-race-to-control-how-recyclable-vitrimer-plastics-relax/

Analyzed Articles 2/2 FULL TITLES / FULL SOURCE URLS

ANALYZED ARTICLES | ITEMS 11-19

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

Supercritical CO2: Polyester Dye Redistribution for Fiber Recycling  https://bioengineer.org/supercritical-co%E2%82%82-redistributes-polyester-

A11 ) )
dyes-for-fiber-recycling/
A12 Fluorine-Free Battery Binder: UC San Diego's Sustainable https://resource-recycling.com/e-scrap/2026/10/16/researchers-work-on-fluor
Roadmap ine-free-battery-binder/
A13 Lignin-Based Carbon Fiber: Low-Cost Bio-Based Specs and https://bioengineer.org/paper-and-biofuel-leftovers-become-high-strength-low
Process -cost-carbon-fiber/
A4 Bio-based Epoxy Vitrimers: Dual Dynamic Bonds and DGFB-1.0 https://bioengineer.org/dual-dynamic-bonds-yield-strong-self-healing-bio-bas
Specs ed-epoxy-vitrimers/
A15 PVA-Graphene-Aloe Vera Films: Self-Healing Specs and https://bioengineer.org/aloe-vera-meets-graphene-in-self-healing-polymer-fil
Trade-offs ms-that-repair-themselves/
A16 Polystyrene Nanoparticles: CO2 Capture Boost in PEBAX https://bioengineer.org/polystyrene-nanoparticles-unexpectedly-boost-co2-ca
Membranes pture-in-polymer-membranes/
A17 Dense Polymer Membranes: Interconnected Nanopore Networks https://bioengineer.org/dense-polymer-membranes-hide-interconnected-nan
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#01 Vanillin-derived Epoxy Coating: Marine Corrosion
Specs and 2,640 h Test

Published October 16, 2026  European Coatings

| oveERVIEW

A bio-based epoxy coating utilizing vanillin-derived chemistry and Schiff base
linkages has demonstrated continuous marine corrosion resistance for 2,640 hours in
salt spray testing. The system integrates intrinsic flame retardancy, antibacterial

activity, and thermal self-healing, offering a sustainable alternative to fossil-based
marine coatings.



| IN DEPTH

Key Findings

The PV-EP/DDM coating achieved 2,640 hours of continuous salt spray testing without
visible corrosion. This bio-based system integrates four distinct functionalities: long-term
marine corrosion protection, intrinsic flame retardancy (UL-94 V-0 classification),

antibacterial activity, and thermal self-healing capabilities.

Technical Details

The coating was synthesized using a bio-based epoxy precursor (PV-EP) created from
vanillin and 3-(4-aminophenyl)propionic acid, which incorporates a Schiff base structure.
This precursor was cured with 4,4'-diaminodiphenyl methane (DDM). The resulting

material exhibits the following physical and thermal properties:

Glass transition temperature (Tg): 197 °C

Young’s modulus: 5,132 MPa

Crosslinking density: 8,978 mol/m?

Char yield (at 800 °C in nitrogen atmosphere): 45.4 %

Compared to a standard bisphenol A reference, the PV-EP/DDM coating shows a 28 °C
increase in Tg, a 28 % increase in modulus, a 4.8-fold increase in crosslinking density,

and a 2.8-fold increase in char yield.

Background & Context

Conventional marine epoxy coatings typically rely on fossil feedstocks and possess
thermoset crosslinked structures that prevent performance recovery after physical
damage. They are also susceptible to ageing and combustion. To overcome these limits,
the researchers utilized the dynamic nature of imine bonds within the Schiff base
moieties. This allows for thermal self-healing; specifically, exposure to 200 °C for 2 hours
enabled a 62 ym wide scratch to narrow to 12 um, resulting in the complete recovery of

corrosion resistance.



Significance & Outlook

By combining vanillin-derived chemistry with conjugated Schiff base linkages, the
researchers have successfully integrated multiple protective functions into a single bio-
based system without the need for halogenated or phosphorus-based flame retardants.
This development expands the available toolkit for sustainable, high-performance
protective coatings in marine engineering environments where microbial activity and salt-

induced corrosion are primary drivers of degradation.

Source: https://www.european-coatings.com/news/coatings-technologies/bio-based-epoxy-coating-

resists-marine-corrosion-for-2640-h/
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#02 Michael Addition Coatings: Alkaline Protection for
Al-Formwork

Published October 21, 2026  European Coatings

| oveERVIEW

Researchers have developed a high-solid coating system using a $\beta$-ketoester-
functionalised epoxy donor to protect aluminium alloy formwork from alkaline attack.
The TMPTA-crosslinked variant achieved a tensile strength of 41.5 MPa and strong
corrosion resistance, providing a lower-energy alternative to traditional powder

coatings.



| IN DEPTH

Key Findings

The TMPTA-based Michael addition-cured coating demonstrated a balanced property
profile, featuring a tensile strength of 41.5 MPa, an elongation at break of 23.6%, and a
glass transition temperature of 43.8 °C. On aluminium alloy panels, the system exhibited
strong corrosion resistance, with $|Z|_{0.01\text{ Hz}}$ values of approximately
$1078\text{--}10"9\ \Omega\cdot\text{cm}*2$ after 48 hours of immersion in NaCl
solution. Additionally, the coating provided effective cement-release performance and

enhanced resistance to abrasion, solvents, and alkaline exposure.

Technical Details

The coating system utilizes a $\beta$-ketoester-functionalised Michael donor
synthesised from E51 epoxy resin. This was achieved through sequential ring-opening
with diethanolamine and acetoacetylation with ethyl acetoacetate, which maintains the
mechanical strength of the epoxy backbone while allowing cross-linking under mild
thermal conditions. The researchers compared three Michael acceptors with different

molecular architectures to determine network performance:

 TMPTA (trimethylolpropane triacrylate): Delivered the most balanced mechanical

and barrier properties.

+ PETA (pentaerythritol triacrylate): Resulted in coatings that were excessively rigid

and brittle with poor alkaline resistance.

 HDDA (1,6-hexanediol diacrylate): Produced under-crosslinked systems with

compromised mechanical integrity and barrier performance.

Background & Context

Aluminium alloy formwork is valued in modern concrete construction for its low weight,
recyclability, and dimensional accuracy. However, the amphoteric nature of aluminium
makes it susceptible to the strongly alkaline pore solution of fresh concrete, which
typically has a pH of 12.5-13.5. Existing protection methods have notable drawbacks:
release agents are single-use, while powder coatings require shot-blasting and high-
temperature curing (180 °C to 200 °C) and are prone to microcracking under mechanical
stress. Other alternatives based on isocyanates or fluoropolymers present toxicity and

regulatory challenges.



Significance & Outlook

The combination of the epoxy-derived $\beta$-ketoester donor and TMPTA cross-linker
offers a high-solid, chemically resistant platform for easy-demoulding coatings. This
system provides a more favourable environmental profile than fluoropolymer or

isocyanate-based alternatives and requires less energy than powder coatings.

Source: https://www.european-coatings.com/news/coatings-technologies/michael-addition-coatings-

protect-aluminium-formwork-from-alkaline-attack/
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#03 PEGDA Gelation: Metal Salt-Induced
Polymerization without Initiators

Published October 19, 2026  European Coatings

1/{ I
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| oveERVIEW

Concentrated metal salt solutions can trigger the gelation of poly(ethylene glycol)
diacrylate (PEGDA) and other hydrophilic alkene-containing precursors without
photo-, thermal, or redox initiators. This method utilizes specific metal species to
induce radical-type polymerization, offering a new initiation strategy for hydrogels and

functional coatings.



| IN DEPTH

Key Findings

Researchers have demonstrated that concentrated metal salt solutions can induce the
gelation of poly(ethylene glycol) diacrylate (PEGDA) and other hydrophilic alkene-
containing precursors. This process eliminates the need for traditional photoinitiators,
thermal initiators, or redox initiators. The effect is particularly pronounced when using

copper and iron nitrate or sulphate salts.

Technical Details

The gelation process is governed by two primary formulation parameters: the
concentration of the metal salt solution and its volume fraction in the formulation (gsalt).
The study found that:

¢ At @salt values close to 0.50, increasing the metal salt concentration reduces gelation

time and increases the gel modulus.

e Lower salt concentrations or gsalt values further from 0.50 result in slower gelation

and a lower modulus.

To determine the mechanism, the authors used infrared and Raman spectroscopy
alongside cyclic water-washing experiments. The data indicates that the network is
formed via chemical crosslinking through alkene conversion rather than permanent
metal ion coordination. This suggests that the salt solutions act as initiators for radical-

type polymerization under the tested conditions.

Background & Context

Traditionally, the curing of gel precursors containing alkene groups has relied on
photoinitiation, thermal initiation, or redox initiation. This research presents an alternative
route where the chemical environment and the specific metal species alone trigger the

network formation.



Significance & Outlook

The findings indicate that this behavior is not limited to PEGDA but extends to other
hydrophilic gel precursors with alkene functionalities. This initiation strategy may be
particularly valuable for formulating hydrogels and functional coatings in scenarios where
conventional initiators are undesirable. Specific applications include environments with

light penetration limitations or products that are sensitive to residual initiator fragments.

Source: https://www.european-coatings.com/news/coatings-technologies/metal-salt-solutions-trigger-

gelation-of-pegda-without-initiators/
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#04 OpenCAL: Open-Source Volumetric 3D Printer
Specs and Adoption

Published October 21, 2026 3D Printing Industry USA

| OVERVIEW

Researchers at UC Berkeley have released OpenCAL, an open-source volumetric
additive manufacturing (VAM) printer capable of forming whole parts in 90 seconds
for approximately $1,600. By utilizing Computed Axial Lithography (CAL), the system
eliminates layers and support structures, moving VAM technology from specialized

research labs to a community-driven desktop format.



| IN DEPTH

Key Findings

OpenCAL is the first open-source layerless 3D printer, designed to solidify complete
parts inside a rotating vial of resin in about one minute. The machine can be constructed
for roughly $1,600 in parts. To facilitate home building, Formlabs produces a dedicated
photopolymer, OpenCAL Resin, which is sold in the United States via Prusa Research's
online store, Printed Solid, for $119.99 per 1 L bottle.

Technical Details

The system is based on Computed Axial Lithography (CAL). A projector sends calculated
light patterns into a spinning vial of photosensitive resin; the object takes shape
simultaneously wherever the light adds up, removing the need for a moving print head or
support structures. The software inverts CT scan principles to calculate the projections

required to build a physical object.
The OpenCAL V2 hardware consists of:

e Aconsumer LED projector and a Raspberry Pi 5.

o A stepper-driven vial mount within an aluminum extrusion frame and laser-cut acrylic

panels.
e 3D printed components made from PETG, PLA, and TPU.

e Tomo, a free Windows application for STL conversion, built on the open-source
Python library VAMToolbox.

Assembly takes one person five to six hours. The hardware is released under Prusa’s

Open Community License (OCL 1.1), with software and firmware hosted on GitHub.

Background and Context

CAL was invented in 2017 at Professor Hayden Taylor’s lab at UC Berkeley and
Lawrence Livermore National Laboratory (LLNL), with findings published in Science in
2019. The OpenCAL project was led by Taylor Waddell and contributed to by over 40
people over two years. Previously, CAL has been used for bioprinting, glass fabrication,
and autonomous printing in microgravity via NASA-supported suborbital flights through

the SpaceCAL program.



Significance and Outlook

OpenCAL aims to replicate the democratization seen with the RepRap project. The
system is already being adopted by MIT, Purdue University, LLNLL, and NIST. A build
workshop is scheduled for February 2027 alongside the VAM27 @Berkeley symposium.

Source: https://3dprintingindustry.com/news/build-it-yourself-opencal-volumetric-3d-printer-forms-whole-
parts-in-90-seconds-for-1600/
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#05 Acrylic Glass Recycling: ETH Zurich's Low-Energy
Depolymerization

Published October 19, 2026 ETH Zurich  Switzerland

| oveERVIEW

Researchers at ETH Zurich have developed a cost-effective method to break down
acrylic glass into its constituent monomers with a yield of up to 98%. By reducing the
required temperature from 400 to just over 200 degrees Celsius and eliminating
solvents, the process makes high-purity chemical recycling economically viable for

industrial adoption.



| IN DEPTH

Key Findings

ETH Zurich researchers have developed a simplified depolymerization method that
breaks acrylic glass (polymethyl methacrylate) almost entirely into its individual chemical
building blocks. The process achieves a monomer yield of up to 98% and produces
extremely pure recovered material, even when the initial acrylic glass contains impurities
or dyes. This high purity allows the recovered monomers to be used in the production of

new polymers that match the quality of virgin materials.

Technical Details

The method utilizes a single, inexpensive, and commercially available chemical reagent
from the N-hydroxyimides class. This reagent attacks the polymer chains to release
monomers, after which the reaction proceeds independently. A significant technical
advantage is the reduction in energy requirements: depolymerization begins at just over
200 degrees Celsius, whereas previous methods typically required a minimum of 400
degrees Celsius. Furthermore, the process is conducted without the use of solvents or

catalysts.

Background and Context

Acrylic glass, commonly known by the brand name Plexiglas, is widely used in car tail
lights, window panes, and furniture. While suitable for recycling, it often ends up as
waste due to the inefficiency of existing methods. Previous attempts at depolymerization
required UV light, large quantities of solvents, or the chemical modification of polymer
chains to introduce "weak links." In contrast, traditional pyrolysis—which operates above
400 degrees Celsius—often results in monomer impurity levels of up to 3%, which can

degrade the quality of the resulting plastic.



Significance and Outlook

The method is designed for immediate industrial adoption because it can be
implemented using existing infrastructure and standard processes. ETH Zurich has filed
a patent application and is currently seeking licensees. While the current process only
works with acrylic glass, Professor Athina Anastasaki intends to apply the same principle
to polystyrene. Future research will focus on scaling the method and developing

substances to further accelerate polymer breakdown and increase monomer yield.

Source: https://ethz.ch/en/news-and-events/eth-news/news/2026/10/new-method-makes-acrylic-glass-

recycling-economically-viable.html
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#06 Kirin HD: PET Depolymerization via Twin-Screw
Extruder Specs

Published October 23,2026 HTITZ#E Japan

| oveERVIEW

Kirin Holdings and Japan Steel Works have reduced PET depolymerization time from
four hours to under 10 minutes using a twin-screw kneading extruder. This process
enables high-efficiency chemical recycling by utilizing mechanochemical reactions to
break molecular bonds. The technology allows for the semi-permanent recycling of

plastic resources into virgin-quality resin.



| IN DEPTH

Key Findings

Kirin Holdings (HD), in collaboration with Japan Steel Works, has successfully
accelerated the depolymerization of polyethylene terephthalate (PET). By utilizing a twin-
screw kneading extruder, the company reduced the time required for depolymerization
from the conventional four hours to less than 10 minutes. This breakthrough addresses
the cost and energy barriers that have historically hindered the practical application of

PET chemical recycling (CR).

Technical Details

The process employs "alkali depolymerization" using a sodium hydroxide aqueous
solution as a solvent. Rather than relying solely on high temperature and pressure, the
system leverages "mechanochemical reactions." The twin-screw extruder's screws apply
mechanical force to rub, crush, and mix the PET with the sodium hydroxide solution,

triggering the chemical reaction.

« Energy Efficiency: The heat generated by the mechanochemical reaction is utilized

for depolymerization, reducing the external thermal energy required.

o Capacity: A single unit, measuring several meters in length, can process 10,000 tons

of PET products per year.

* Footprint: The system allows for significant downsizing compared to existing CR

facilities.

Background and Context

Chemical recycling breaks plastic down to the molecular level, allowing for the
production of recycled resins with quality equivalent to virgin materials. While PET CR
has existed since the 2000s, high energy consumption and associated costs have
limited its scalability. Kirin HD's R&D Package Innovation Institute sought a "high-speed,

short-time" concept to overcome these economic hurdles.



Significance and Outlook

The current output of the process consists of disodium terephthalate and ethylene glycol.
The next research phase focuses on refining these materials by removing sodium and
impurities to return them to PET raw materials. Once commercialized, the technology will
extend beyond beverage bottles to include fibers and films, creating a large-scale

resource loop for all PET products.

Source: https://www.nikkan.co.jp/articles/view/795220
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#07 Huvis EcoEver LM: Chemical Recycling for
Automotive LMF Fiber

Published October 21, 2026 A2ZH South Korea

| oveERVIEW

Huvis has commercialized the world's first chemically recycled low-melt adhesive
fiber (LMF) for automotive interiors, tittled EcoEver LM. The material reduces carbon
emissions by approximately 56% compared to petrochemical-based LMF and earned

the Innovation and Sustainability award at the 2026 ITMF Awards.



| IN DEPTH

Key Findings

Huvis has achieved the world's first commercialization of EcoEver LM, a low-melt
adhesive fiber (LMF) for automotive interior materials produced via chemical recycling of
waste plastics. This achievement was recognized at the 2026 International Textile
Manufacturers Federation (ITMF) Awards held on October 14-15 in Fortaleza, Brazil,

where the company won in the Innovation and Sustainability category.

Technical Details

EcoEver LM utilizes chemically recycled raw materials to overcome the limitations of
traditional physical recycling, which typically suffers from quality degradation during
repeated cycles. This chemical approach allows for the use of low-cost waste plastics

containing impurities as raw materials, facilitating expanded resource circulation.
The technical advantages of EcoEver LM include:

o Carbon Reduction: Carbon emissions are reduced by approximately 56% compared

to LMF produced from conventional petrochemical raw materials.

o Application Range: The fiber is suitable for various automotive interior components,

including dashboards, headliners, seats, and door trims.

Background and Context

The development comes as the global automotive industry faces tightening
environmental regulations, such as the European Union's (EU) End-of-Life Vehicle (ELV)
regulations. These mandates are driving an urgent need for increased use of recycled
materials and the reduction of carbon footprints in vehicle manufacturing. Huvis, which
holds the top global market share in the LMF market, integrated chemical recycling
technology into existing fiber manufacturing processes to create this high-value-added

product.



Significance and Outlook

By commercializing EcoEver LM, Huvis intends to preemptively respond to regulatory
shifts and strengthen its competitiveness in the global eco-friendly automotive materials
market. Company leadership indicated that interest in chemical recycling is extending
beyond the automotive sector into industrial and interior materials. The company plans
to further expand its portfolio of differentiated, eco-friendly products to contribute to

carbon emission reduction and resource circulation.

Source: https://www.sedaily.com/article/20104519
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#08 Enzyme-embedded polyesters: Deep-sea
biodegradation specs

Published October 21, 2026 Nature

| OVERVIEW

Thermally embedding enzymes into compostable polyesters significantly accelerates
degradation in marine environments from depths of 2—6 m to 5,503 m. Near-complete
degradation was achieved at 757 m within 5 months, offering a potential solution to

persistent marine plastic pollution without compromising mechanical properties.



| IN DEPTH

Key Findings

Enzyme-embedded compostable polyesters demonstrate accelerated biodegradation
across diverse marine environments, including extreme deep-sea conditions. Research
shows that these materials achieved near-complete degradation at a depth of 757 m
within 5 months. Furthermore, moderate biodegradation was observed on deep-sea
floors at depths of 5,503 m. In coastal seawater (2—6 m), films containing trace amounts

of enzyme (0.1 wt%) underwent rapid degradation.

Technical Details

The study utilized a thermal embedding strategy using twin-screw extrusion at

temperatures between 90 °C and 130 °C. Two specific enzymes—Candida antarctica
lipase B (CalLB) and Humicola insolens cutinase (HiC)—were selected for their broad
hydrolytic activity and high thermal stability in freeze-dried form. These enzymes were

embedded into four types of compostable polyesters:

Poly(butylene succinate) (PBS)

Poly(butylene succinate-co-adipate) (PBSA)

Poly(e-caprolactone) (PCL)

Poly(butylene adipate-co-terephthalate) (PBAT)

The process produced both thin films (100-300 ym) and microbeads (20-300 um in
diameter). Chemical analysis confirmed the formation of low-molecular-mass
degradation products, and biochemical oxygen demand measurements supported the
mineralization of the materials. Notably, the mechanical properties of the enzyme-

embedded polyesters remained similar to those of enzyme-free versions.



Background & Context

While commercially available compostable plastics degrade efficiently under industrial
composting conditions (characterized by high humidity, microbial activity, and elevated
temperatures), their degradation in marine environments is often limited. In the deep
sea, low temperatures and a lack of viable microorganisms typically cause these
polyesters to persist. Previous enzyme-embedding research was limited to laboratory or
closed-system incubations; this study evaluates in situ performance in natural marine

environments.

Significance & Outlook

This strategy enables the marine degradation of compostable polyesters that were
previously regarded as persistent in the ocean. By maintaining material performance
while enhancing biodegradability, this approach broadens the range of candidate

materials capable of addressing global marine plastic accumulation.

Source: https://www.nature.com/articles/s41586-026-11192-1
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#09 Amino Acid Polymers: Closed-Loop Synthesis and
Recycling 2026

Published October 22, 2026 Chemical & Engineering News

| oveERVIEW

Chemists have developed a closed-loop method to produce biodegradable amino
acid-based polymers that reuse carbon dioxide by-products as reagents. This
process enables high-rate recovery of monomer building blocks through chemical

recycling, offering a sustainable alternative to conventional plastics.



| IN DEPTH

Key Findings

Researchers have established a new chemical process for producing sustainable
polymers from amino acids. The primary breakthrough is a closed-loop system that
captures carbon dioxide (CO,) generated during the reaction and reintroduces it as a

reagent, minimizing waste and improving material efficiency.

Technical Details

The synthesis method addresses several limitations found in traditional amino acid
polymer production. According to the research published in J. Am. Chem. Soc. 2026
(DOI: 10.1021/jacs.6¢17448), the new approach provides the following technical

advantages:

» CO, Integration: The process reuses the CO, by-product as a reagent within the

reaction loop.

« Recyclability: The material supports chemical recycling, allowing for the recovery of

monomer building blocks at a high rate.

Background & Context

Amino acid-based polymers are an emerging class of biodegradable materials intended
to substitute traditional plastics. However, conventional synthesis methods have
historically faced two major hurdles: the release of carbon dioxide as a byproduct and
slow reaction speeds. These factors have made it difficult for chemists to produce long

polymer chains and maintain precise control over the resulting polymer structure.

Significance & Outlook

By overcoming the speed and emission issues of conventional methods, this closed-loop
chemistry provides a more viable pathway for the industrial production of biodegradable
polymers. The ability to recover monomers at a high rate through chemical recycling
further enhances the sustainability profile of these materials, positioning them as a

potential substitute for conventional plastics in a circular economy.



Source: https://cen.acs.org/materials/polymers/co2-neutral-amino-acid-polymers/104/web/2026/10

Collected: October 24, 2026 | Automated Research System (Al)


https://cen.acs.org/materials/polymers/co2-neutral-amino-acid-polymers/104/web/2026/10

#10 Vitrimer Plastics: Chemistry vs. Diffusion in
Network Relaxation

Published October 16, 2026 BIOENGINEER.ORG USA

| OVERVIEW

Researchers have identified that the anomalous decoupling of viscosity and structural
relaxation in vitrimers is caused by a competition between bond exchange chemistry
and segmental diffusion. This mechanism explains why these recyclable plastics can
maintain high-performance mechanical properties while remaining processable at

manageable temperatures.



| IN DEPTH

Key Findings

A study published in Nature Physics reveals that vitrimer relaxation is governed by a
"race" between two distinct timescales: the chemical reaction rate of dynamic covalent
bond exchange and the physical rate of segmental diffusion. The research demonstrates
that the observed decoupling between viscosity and structural relaxation—a long-
standing puzzle in polymer science—is a natural consequence of these two processes

operating on different length scales.

Technical Details

The research team, utilizing molecular dynamics simulations and dielectric spectroscopy,
classified transient networks based on the atomic displacement required for bond
exchange relative to the displacement needed for segmental relaxation. The dynamics

vary based on this requirement:

o Subsegmental Motion: When bond exchange requires only local atomic
rearrangement, the network can relax even when large-scale segmental motion is

nearly frozen.

+ Reaction-Limited Regime: At high temperatures, chemistry controls the pace, and

viscosity follows a linear Arrhenius dependence on inverse temperature.

o Diffusion-Limited Regime: As temperatures drop and segmental motion slows in a
super-Arrhenius fashion, the supply of new reaction partners becomes the bottleneck,

causing viscosity to inherit the steep super-Arrhenius dependence.

Background & Context

Introduced in 2011, vitrimers are covalent network polymers designed to combine the
toughness and heat resistance of thermosets with the reprocessability of thermoplastics.
Unlike typical glass-forming liquids where viscosity and structural relaxation are tightly
linked, vitrimers often exhibit Arrhenius viscosity despite super-Arrhenius segmental
dynamics. This decoupling is what allows the materials to be processed at manageable

temperatures without sacrificing glassy mechanical properties during service.



Significance & Outlook

By providing a quantitative reaction-diffusion competition model, this work by
researchers from the University of South Florida, University of Tennessee, and Oak
Ridge National Laboratory establishes a theoretical foundation for the rational design of

next-generation recyclable plastics.
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#11 Supercritical CO,: Polyester Dye Redistribution for
Fiber Recycling

Published October 22, 2026 BIOENGINEER.ORG Japan

-

| oveERVIEW

Researchers at the University of Fukui have developed a method to create uniform
colors in polyester fibers by redistributing existing dyes using supercritical carbon
dioxide (scCO,). By treating fabrics at 120 degrees Celsius and 25 megapascals, the
team achieved color convergence without the need for initial dye removal. This
process provides a potential laboratory route for fiber-to-fiber recycling of colored

synthetic textiles.



| IN DEPTH

Key Findings

The study demonstrates that supercritical CO, (scCO,) can redistribute dyes already
present in polyester fibers to create a new, uniform color. By combining fabrics of
different colors and adjusting their starting proportions, the researchers produced
various new shades. A predictive color-matching model incorporating pairwise
interactions between dyes proved more accurate than simple additive calculations in

determining resulting color strength.

Technical Details

The experiments utilized polyester fabrics dyed with Blue BG, Yellow G, or Red 4 G.
Treatment was conducted under consistent high-pressure conditions of 120 degrees
Celsius and 25 megapascals. Under these parameters, scCO, penetrated the fibers,
prompting dye molecules to migrate from regions of high concentration to low

concentration.

e Convergence Example: Blue BG and Yellow G fabrics combined at a 1:3 ratio
showed different greenish shades after 30 minutes, became nearly identical at 60

minutes, and reached the same green shade after 90 minutes.

* Quantitative Modeling: Color strength was measured using the Kubelka—Munk
function (K/S values). To improve accuracy, a model using a trust region reflective

algorithm was developed.

o Error Reduction: Root mean square error decreased from 0.4388 to 0.1720 at 410

nanometers, from 0.7758 to 0.2624 at 530 nanometers, and from 0.4017 to 0.0540 at

680 nanometers.

Microscopy confirmed that dyes were distributed evenly and that the polyester fiber

microstructure remained unchanged after treatment.



Background & Context

Colored polyester is difficult to recycle because removing original dyes typically requires
significant amounts of energy, water, or chemicals. This research, led by Senior
Assistant Professor Jianhua Ren, Professor Kazumasa Hirogaki, and Researcher Isao
Tabata, sought to avoid the dye-removal step entirely by converting contrasting colors

into a shared shade.

Significance & Outlook

This method allows for the modification of colored polyester while retaining both the
synthetic material and the original colorants. While the study used known dye
compositions, the researchers identify testing with real textile waste streams, larger-

scale processing, and more complex dye combinations as the necessary next steps.
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#12 Fluorine-Free Battery Binder: UC San Diego's
Sustainable Roadmap

Published October 16, 2026 Resource Recycling USA

| oveERVIEW

Researchers from the University of California San Diego and Toyota Research
Institute of North America have developed a water-processable, fluorine-free battery
binder. The material reduces energy costs by 6.9%-9.3% and greenhouse gas
emissions by 7.2% during recycling, enabling sustainable direct recycling of

electrodes.



| IN DEPTH

Key Findings

The developed fluorine-free binder enables the full recovery of spent positive and
negative electrodes without generating fluoride residue, allowing materials to be
regenerated via direct recycling. Lifecycle analysis indicates that this strategy reduces
energy consumption by 10% and water usage by 3% during recycling, while lowering

greenhouse gas emissions by 7.2% compared to fluoride-based battery recycling.

Technical Details

The binder is composed of polyacrylic acid and carboxymethyl cellulose dissolved in
water and linked with citric acid. This combination provides flexibility, strength, and
adhesion comparable to traditional options, while offering better cycle stability. The
binder is compatible with various electrode types, including silicon, nickel-rich, and
lithium iron phosphate. During recycling, disassembled electrodes can be submerged in

water to cleanly separate coatings from metal foil sheets without leaving residue.

Background & Context

Traditional battery manufacturing relies on fluorine-containing binders due to their
thermal stability and durability. However, these require N-methyl-pyrrolidone (NMP)—a
toxic solvent linked to reproductive and developmental health issues—for processing.
The current industry standard involves energy-intensive drying ovens to evaporate NMP
and additional steps to recover and purify the solvent. Furthermore, fluorine residues in
traditional binders require high heat or harsh chemicals for removal during recycling,

creating hazardous waste.



Significance & Outlook

From a manufacturing perspective, the new binder eliminates the need for expensive
fluorine binders (which can cost several hundred dollars per 100 grams) and NMP
solvents (costing $300 per liter). Estimated manufacturer profits could increase by 7.1%
due to reduced equipment and energy costs from shorter drying times and the
elimination of water-intensive NMP recovery. While the researchers plan to scale
production for commercial manufacturing with industry partners, they note that
manufacturers must still overcome technical, financial, and regulatory hurdles to

transition their equipment and verify performance at scale.
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#13 Lignin-Based Carbon Fiber: Low-Cost Bio-Based
Specs and Process

Published October 15, 2026 BIOENGINEER.ORG USA

| oveERVIEW

Researchers at lowa State University have developed a high-strength, low-cost
carbon fiber using softwood kraft lignin and bio-oil leftovers. The material achieves a
tensile strength of 2.45 gigapascals at a cost below five dollars per pound, exceeding

U.S. Department of Energy benchmarks for automotive applications.



| IN DEPTH

Key Findings

A research group led by Professor Xianglan Bai at lowa State University has developed
a method to produce bio-based carbon fiber that rivals petroleum-based materials in
performance while significantly reducing costs. The resulting fiber achieves a tensile
strength of up to 2.45 gigapascals and a tensile modulus of up to 236 gigapascals.
These figures exceed the U.S. Department of Energy's recommended benchmarks for
automotive applications, which require a minimum tensile strength of 1.72 gigapascals
and a tensile modulus of 172 gigapascals. Furthermore, the production cost is reported
to be below five dollars per pound, undercutting the target cost of five to seven dollars

per pound.

Technical Details

The breakthrough relies on two primary innovations:

« Thermo-mechanochemistry: Unlike conventional heat treatments, this process
introduces mechanical stress by heating the spun fiber while subjecting it to
increasing mechanical load. This alters the chemical transformations and internal

structures during carbonization, resulting in higher strength.

+ Chemical Modification via Bio-oil: To resolve the stabilization bottleneck, the team
uses a watery fraction of fast-pyrolysis bio-oil to modify non-softening lignin into a
melt-spinnable precursor. This reduces the stabilization time from tens of hours to just

two to four hours.

Background & Context

Conventional carbon fiber relies on petroleum-derived precursors, most commonly
polyacrylonitrile, which are energy-intensive and expensive. While lignin-based fibers
have been researched since the 1960s, they historically lacked the tensile strength and
stiffness required for structural use, leading pulp mills to use lignin primarily as boiler
fuel. Bai's group has pursued bio-based alternatives since 2015 with support from the

U.S. Department of Agriculture.



Significance & Outlook

By utilizing abundant, low-value coproducts from paper manufacturing and biofuel
production, this technology provides a renewable alternative to petroleum-based fibers.
For the automotive industry, these commodity-like prices and structural specifications
could accelerate the adoption of lightweighting strategies to improve fuel efficiency and

extend the range of electric vehicles.
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#14 Bio-based Epoxy Vitrimers: Dual Dynamic Bonds
and DGFB-1.0 Specs

Published October 20, 2026 BIOENGINEER.ORG

| OVERVIEW

Researchers have developed a furan-based epoxy vitrimer using dual dynamic bonds
that achieves a tensile strength of 75.4 + 2.3 MPa and 98.2% strength recovery after
self-healing. By combining boronic ester and 3-hydroxy ester exchange, the material
enables repeated reprocessing and rapid healing without the need for catalysts or

extreme temperatures.



| IN DEPTH

Key Findings

The optimized bio-based epoxy vitrimer, designated DGFB-1.0, demonstrated a tensile
strength of 75.4 £ 2.3 MPa and a Young’s modulus of 512.5 + 5.2 MPa. The material
exhibits high self-healing efficiency; after heating a surface groove at 90 °C for 60
minutes, it recovered 98.2% of its original tensile strength. Additionally, DGFB-1.0
retained 81.3% of its tensile strength after three cycles of cutting, hot pressing, and

remolding.

Technical Details

The material utilizes a dual-bond network consisting of dynamic boronic ester and -
hydroxy ester bonds. The synthesis involved preparing diglycidyl furan-2,5-dicarboxylate
(DGF) from 2,5-furandicarboxylic acid and a crosslinker, di-BONH2, derived from 3-
aminobenzeneboronic acid and di-trimethylolpropane. The researchers tested four
formulations (DGFB-0.7 through DGFB-1.0) with bio-based carbon contents ranging
from 25.0% to 29.4%.

o Thermal Stability: The 5% mass decomposition temperature for DGFB-1.0 was
286.7 £ 4.3 °C, with a heat-resistant index (Ts) of 163.3 + 2.1 °C.

¢ Glass Transition: Glass-transition temperatures ranged between 62.8 and 72.7 °C.

o Stress Relaxation: At 120 °C, DGFB-1.0 showed a stress-relaxation time of 11

seconds, with an activation energy of 28.3 + 0.7 kJ mol-1.

+ Chemical Resistance: Swelling tests confirmed the networks remained insoluble in

solvents including DMSO, DMF, methanol, and acetone.

Background & Context

Conventional epoxy thermosets form permanent crosslinked networks that provide
strength and chemical resistance but cannot be remolded or chemically recovered.
Epoxy vitrimers address this by incorporating dynamic covalent bonds that exchange
under specific conditions. This research specifically aimed to reduce the catalyst and
high-temperature requirements typical of ester-only vitrimers by integrating catalyst-free

boronic ester exchange.



Significance & Outlook

The tensile strength of DGFB-1.0 exceeds previously reported ranges for bio-based
epoxy vitrimers (10—65 MPa) and furan-based vitrimers relying solely on 3-hydroxy ester
exchange (10-56 MPa). This molecular design provides complementary routes for
changing network topology, allowing the material to be rearranged without being

dissolved.
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#15 PVA-Graphene-Aloe Vera Films: Self-Healing
Specs and Trade-offs

Published October 15, 2026 BIOENGINEER.ORG

| oveERVIEW

Researchers have developed self-healing polymer films combining polyvinyl alcohol
(PVA), graphene derivatives, and aloe vera powder that can recover up to 99.5% of
their original properties. The study demonstrates a critical trade-off between material
hardness and self-repair efficiency, providing a roadmap for tuning sustainable, high-

strength composites.



| IN DEPTH

Key Findings

The study identifies a synergistic relationship between PVA, graphene derivatives, and
aloe vera powder, resulting in composite films with significant mechanical strength and
autonomous repair capabilities. The PAGGN formulation, containing 0.012 grams of
graphene oxide, 0.012 grams of graphene nanoplatelets, and 2 weight percent aloe vera
powder, achieved a near-complete recovery of 99.5% of its original properties after
damage. In contrast, the PAG1 formulation (0.012 grams of graphene oxide and 3
weight percent aloe vera) exhibited the highest hardness at 502.71 megapascals and an
elastic modulus of 3.76 gigapascals, though its self-healing efficiency dropped to
51.00%.

Technical Details

The research utilized a Taguchi-based multi-response optimization and the TOPSIS
decision-making method to identify three optimal formulations: PAGGN, PAGN2, and
PAG1. Mechanical performance was measured via nanoindentation, revealing that
PAG1's hardness and elastic modulus were approximately 22-fold and 19-fold higher,
respectively, than a reference film containing only aloe vera in PVA. The self-healing
mechanism is driven by reversible hydrogen bonding between the hydroxyl groups of
PVA and the oxygen-containing functional groups in graphene oxide and aloe vera
polysaccharides, such as acemannan. These dynamic bonds act as sacrificial crosslinks

that re-form across damaged interfaces without external catalysts or heat.

Background & Context

While PVA is valued for its biocompatibility and film-forming ability, it is typically soft and
sensitive to humidity. Graphene oxide and graphene nanoplatelets increase stiffness but
often reduce flexibility. This research positions aloe vera powder not as a passive filler,
but as a molecular bridge that allows modest amounts of carbon nanomaterials to
enhance both strength and repairability. The study also compared film and hydrogel
architectures to determine how these chemical interactions translate across different

physical forms.



Significance & Outlook

By transforming aloe vera into an active participant in mechanical chemistry, the study
offers a sustainable approach to advanced materials. The findings suggest that
engineers must carefully balance filler loading to avoid locking polymer chains, which
restricts the molecular mobility required for healing. Potential applications span flexible

electronics, drug delivery, and wound care.

Source: https://bioengineer.org/aloe-vera-meets-graphene-in-self-healing-polymer-films-that-repair-

themselves/

Collected: October 24, 2026 | Automated Research System (Al)


https://bioengineer.org/aloe-vera-meets-graphene-in-self-healing-polymer-films-that-repair-themselves/
https://bioengineer.org/aloe-vera-meets-graphene-in-self-healing-polymer-films-that-repair-themselves/

#16 Polystyrene Nanoparticles: CO2 Capture Boost in
PEBAX Membranes

Published October 17, 2026 BIOENGINEER.ORG South Korea

| OVERVIEW

Researchers at Yonsei University have developed a mixed-matrix membrane using
sulfonated polystyrene nanoparticles in a PEBAX copolymer to simultaneously
increase CO2 permeability and CO2/N2 selectivity. In freestanding films, an optimal
10 weight percent loading improved CO2 permeability to 198.6 Barrer and selectivity

to 41.4, partially overcoming the traditional permeability-selectivity trade-off.



| IN DEPTH

Key Findings

The integration of sulfonated polystyrene nanoparticles into PEBAX block copolymers
significantly enhances carbon capture performance. In freestanding membranes
approximately 100 micrometers thick, a 10 weight percent loading of nanoparticles
resulted in a 54 percent increase in CO2 permeability (reaching 198.6 Barrer) and a 31
percent increase in CO2/N2 selectivity (reaching 41.4). These results indicate a partial
mitigation of the Robeson upper bound trade-off. However, performance declined

beyond 10 weight percent due to particle aggregation and interfacial rigidification.

Technical Details

The nanoparticles were functionalized with sulfonic acid groups to improve compatibility
with the polar PEBAX matrix via hydrogen bonding and dipole-dipole interactions.
Analysis via Fourier transform infrared spectroscopy showed a C-O-C stretching band
shift toward 1105 cm-1, while X-ray diffraction and differential scanning calorimetry
confirmed that the nanoparticles reduce crystallinity and crystallite size without altering

the fundamental crystal lattice.

¢ Transport Mechanism: Time-lag method analysis showed that CO2 diffusivity
increased steadily with polystyrene loading, indicating that structural loosening—

rather than changes in gas affinity—is the primary driver.

¢ Solubility: CO2 solubility rose moderately up to 10 weight percent, while nitrogen

solubility remained nearly constant.

¢ Morphology: In thin-film composite membranes (approximately 250 nanometers
thick), shear forces during coating induced a self-organized, interfacial diffusion-
controlled structure where nanoparticles remained evenly dispersed up to 20 weight

percent.

Background & Context

Conventional CO2 separation methods like cryogenic distillation and absorption are
energy-intensive. Membrane-based separation is a low-energy alternative. PEBAX is a
promising material due to its CO2-philic poly(ethylene oxide) segments and
mechanically robust polyamide segments; however, the crystalline polyamide domains

typically restrict gas diffusion, creating a trade-off between permeability and selectivity.



Significance & Outlook

While polystyrene was previously dismissed as a "dead end" for gas separation due to
its hydrophobicity and impermeability, this research demonstrates its utility as a
morphology-modulating additive. The findings highlight that the dominant transport
mechanism varies critically depending on whether the membrane is a thick freestanding
film or an ultrathin composite layer.
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#17 Dense Polymer Membranes: Interconnected
Nanopore Networks vs Solution-Diffusion Model

Published October 16, 2026 BIOENGINEER.ORG USA

| OVERVIEW

Researchers led by Menachem Elimelech at Rice University have found that dense
polymer membranes contain interconnected subnanometer pore networks rather than
being nonporous solids. This discovery challenges the 60-year-old solution—diffusion
model, suggesting that transport is governed by these hidden pathways rather than

concentration-driven diffusion.



| IN DEPTH

Key Findings

A research team led by Menachem Elimelech at Rice University has provided
experimental and computational evidence that dense polymer membranes are not
featureless solids, but instead contain interconnected networks of subnanometer pores.
The study, published in Frontiers in Membrane Science and Technology, argues that
these hidden pathways, rather than concentration-driven diffusion, govern the movement

of water, solvents, and gases through the membranes.

Technical Details

The researchers challenged the traditional "stacked-membrane" experiments used to
support the solution—diffusion model. By using Nafion 117 ion-exchange membranes, the
team found that the observed concentration gradient is actually a mechanical artifact of

membrane compaction. Key evidence includes:

» A pronounced porosity gradient remained after 24 hours of permeation and 10
minutes of relaxation, and persisted even after soaking layers in deionized water for

three hours.

¢ Flux—pressure cycling between 30 and 120 bar resulted in a roughly 20 percent

irreversible loss in water permeance.

e Short 15-minute permeation runs produced essentially no gradient.

Structural evidence was further supported by positron annihilation lifetime spectroscopy,
small-angle neutron and X-ray scattering, and synchrotron-based X-ray absorption and
emission spectroscopy. Molecular dynamics simulations mapped three-dimensional,
solvent-accessible free volume, confirming that pathways connect across the

membrane.

Background & Context

Since the 1960s, the solution—diffusion model has been the foundational assumption for
desalination and gas separation. It posits that molecules dissolve into the polymer and
diffuse across it, assuming that free volume exists only as isolated, transient cavities
created by thermal fluctuations. This model was adopted because early researchers

lacked the instruments to resolve subnanometer structures.



Significance & Outlook

This shift in understanding reframes processes such as pervaporation. The researchers
suggest that liquid-like and vapor-like domains coexist within the membrane interior,

meaning the liquid—vapor transition occurs inside the material rather than exclusively at
the downstream boundary. This implies that selectivity is determined by how this phase

change unfolds within the pore network.
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#18 Metal-Free Click Polymerizations: Evolution of
Step-Growth Rules

Published October 16, 2026 BIOENGINEER.ORG USA

| OVERVIEW

A review in Discover Chemistry details how click chemistry dismantles classical
Carothers—Flory constraints in step-growth polymerization. By evolving through three
generations of synthetic philosophy, these methods enable sustainable, on-demand

degradable plastics without requiring near-perfect stoichiometric balance.



| IN DEPTH

Key Findings

Metal-free click polymerizations have effectively bypassed the traditional requirements of
step-growth polymerization, which historically demanded conversion rates above 99
percent and near-perfect stoichiometric balance to achieve useful molecular weights.
The review identifies three generations of synthetic evolution: copper-catalyzed azide-
alkyne cycloaddition (CuAAC), thiol-yne, and spontaneous amino-yne click

polymerizations.

Technical Details

o First Generation (CUAAC): This method uses two copper atoms to form a 1,4-
disubstituted 1,2,3-triazole product with over 99 percent regioselectivity. While
achieving over 90 percent functionalization efficiency within four hours at room
temperature, metal residues exceeding 500 parts per million remain a concern for

biomedical use.

o Second Generation (Thiol-yne): This metal-free approach uses UV irradiation (250—
365 nanometers) to trigger a radical chain mechanism. It features sequential addition
kinetics where the rate ratio between the first and second additions is typically
between 3 and 10, allowing for higher crosslink density than thiol-ene chemistry.
Alternatively, organobases like DMAP or triethylamine (1 to 10 mole percent) can be

used, reaching 80 to 85 percent conversion in open air.

o Third Generation (Amino-yne): This spontaneous process requires no catalyst or
external energy. It reacts activated propiolates with aliphatic amines at room
temperature. The mechanism is driven by the electron-withdrawing group of the
alkyne, which lowers the LUMO energy from roughly minus 0.5 electronvolts to

between minus 1.5 and minus 2.0 electronvolts.

Background & Context

Classical step-growth polymerization is limited by the most probable molecular weight
distribution, which yields a dispersity approaching 2. Minor stoichiometric imbalances
caused by side reactions or monomer loss drastically reduce the number-average
degree of polymerization. Conventional polycondensations often require vacuum,

elevated temperatures, or azeotropic distillation to overcome these limits.



Significance & Outlook

The transition toward metal-free and spontaneous polymerizations removes the need for
toxic catalysts and energy-intensive conditions. This shift provides a path toward the
production of sustainable, on-demand degradable plastics by eliminating the rigid

constraints of the Carothers—Flory theory.
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#19 Sand-Polymer Composites: Nanomodifier Effects
on Recycled PP/LDPE

Published October 17, 2026 BIOENGINEER.ORG

| oveERVIEW

Researchers have demonstrated that ultra-low doses of nanoparticles (0.01 to 0.1
wt%) can reorganize the internal structure of recycled plastic and sand composites to
improve performance. By utilizing specific nanomodifiers and chemical activation of
quartz sand, the team achieved a more ordered supramolecular arrangement that

alters melt flow behavior.



| IN DEPTH

Key Findings

The study reveals that adding minute quantities of nanomodifiers—measured in
hundredths of a percent by weight—significantly impacts the melt flow index (MFI) of
sand-polymer composites. Specifically, in the range of 0.01 to 0.03 percent, the melt
exhibited a non-monotonic dependence where the material thickened rather than flowed
more freely. A diamond-containing detonation carbon charge reduced MFI by
approximately 30 percent at 190 degrees Celsius and about 20 percent at 230 degrees
Celsius, with a viscosity minimum at 0.01 percent. Pyrogenic silicon dioxide (Aerosil-

380) showed a similar effect, though its minimum shifted to around 0.03 percent.

Technical Details

The composite consists of approximately 75 percent quartz sand and 25 percent
thermoplastic binder. The binder is a 3:1 mass ratio of recycled polypropylene (PP) to
virgin low-density polyethylene (LDPE), stabilized with approximately 5 percent ethylene-
vinyl acetate (EVA) copolymer to prevent phase separation. To enhance interfacial
interaction, washed sand (180 to 260 micrometers) was dried to below 0.1 percent
moisture and treated with a 50 percent stearic acid solution in ethyl alcohol, leaving no

more than 3 percent stearic acid on the surface.
The two nanomodifiers tested were:

o Detonation carbon charge: Amorphous and crystalline carbon particles (1 to 8

nanometers).

e Aerosil-380: Pyrogenic silicon dioxide with 5-nanometer primary particles and a

specific surface area of 380 square meters per gram.

Background & Context

These "norplast" materials are valuable for construction and mechanical engineering due
to their use of cheap fillers and waste polymers. However, they are traditionally difficult
to process because the low binder content makes the finished product susceptible to

brittleness and instability caused by particle agglomeration or polymer incompatibility.



Significance & Outlook

The researchers interpret the observed thickening as a result of physical intermolecular
interactions where nanoclusters act as anchoring points for polymer macromolecules,
predominantly LDPE. This forces the amorphous phase into a more ordered

arrangement, improving the material's structural integrity during processing.
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