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About NIMS

» National Institute for Materials Science (NIMS)

» | Research Iinstitute devoted to the'creation, characterization, and-application of materials
that support-a-sustainable society
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About NIMS

» National Institute for Materials Science (NIMS)
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About NIMS

» National Institute for Materials Science (NIMS)
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About NIMS
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Sustainability Challenges for Polymers and Composites

» Composition of blends/composites is designed to meet target performance.
» ' Demanding-applications: automotive, electrical/electronic, energy, aerospace
=\ Densityjstrength/modulus, heatresistance, electrical resistance, processability,,energystorage

» Blend/composite for target performance
— | Carbon fiber (CF), glassifiber (GF), silica, alumina, ctay, BN, icarbon black (CB), elastomer
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Sustainability Challenges for Polymers and Composites

» The optimum recycling approach depends on the material(s) and application(s).

» ' PP, PA, PBT etc. in demanding-applications are often-mixed with-other materials.
~ Separation-and purification canjbe difficultidepending en waste stream.
« There is a spectrum in terms of efficiency vs quality/precision.
- | [IMechanical] grinding/pulverizing followed by molding.
- [PhysicalJ dissolution/precipitation followed by molding.
lChemical]| depolymerization, repolymerization followed-by molding.
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Sustainability Challenges for Polymers and Composites

= Both resource circularity and carbon neutrality must be goals for recycling.

» ' De-/re-polymerization yields a high-value ‘product, ' but-is-still COs-intensive:
* | Various dissolution/precipitation-technatogieshave been patented/reported.
- CreaSolv, STRAP, etc. use solubility predictions to select optimal solvents.

= TA'common drawback is relatively high temperature and long dissolution times.

CreaSciv® Solvent treatment S—————

Waste P Dissolution M4 Purification i Precipitation @4 - Drying- e Product b‘

Temp: 140-180 °C
Time} 1-3"hr
Solids: 10wt%
Solvents: Polar-protic
Polar-aprotie

PAG/CF

1 4
Impurities, Contaminanits

Waste Management 85 (2019) p.73
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Sustainability Challenges for Polymers and Composites

» Utilizing renewables in high-performance materials is a promising intermediate.

» ' Finding ways-o reduce existing’conventional plastics-is-an‘important step.

=\ Incorporation of biomass jat productioncan reduce carbomemissions by substitution.:
» Improving compatibility is crucial for maintaining high performance.

— Decrease in performance fram-the conventional material hinders implementation:
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Sustainability Challenges for Polymers and Composites

» Poor compatibility remains an issue for many biomass blends/composites.

» ' Biomass' (lignin) blends suffer from poor compatibility-with-polyolefins, nylons' etc.
=\ Agglomerations leadito reduced-mechanical\properties:

« Chemical modification of lignin is only one part of the picture.

— | Alkylation, acetylation etc. improve chemical compatibility. Specimen  Tensile Strength,  Tensile Modulus,
- Melt-mixing conditions must ensure sub-micron level dispersion.  [tab MPa GPa
10SKL/MAPP  20.25 + 0.68 1.04 £ 0.17
30SKL/MAPP  20.23 + 1.23 1.19 £0.18
50SKL/MAPP  16.36 + 2.37 1.76 £ 0.33

PP 24.87 £ 0.52 124 +0.11

J. Appt, Polym. Scix134 (2017)) p 44669
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Biomass Blends and Composites



Biomass Blends and Composites

= Scalable Melt-Blending Method

» | PEG-grafted 'glycol lignin shows excellent compatibility with a range-of plastics

« Mix at high temperature

Foerms covalent bends (reactiverextrusion)
Forms hydrogen bonds
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PAGI/6T. 250-270 °C
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unit
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80 °C
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Biomass Blends and Composites

= PP/Lignin blends and composites

» | Sub-micron-lignin domains covalently grafted te MAH-g-PP

Tanks et al., Compos. Sci. Technol. 238 (2023) p. 110030
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Biomass Blends and Composites

= PP/Lignin blends and composites
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Biomass Blends and Composites

» PA/Lignin blends and composites

» ' Highly'dispersed lignin can make'PAs (even
bio-based PA11) achieve PEEK:-like properties:
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Janks et al. under review (2025)
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Biomass Blends and Composites

» Mechanical recycling of PP/lignin blends

» ' Polymers like-PP are highly susceptible to oxidative degradationthrough backbone-attack.
=\ Radicals-created by heatjor UViturn-exygeniinte highly-reactive radical species.

» Degradation makes plastics more difficult to effectively recycle.
— Oxidative reaction products are highly variable (non-uniform).
- Recycled material exhibits reduced performance compared to virgin material.

— Incorporation of oxidation proeducts via mechanical recycling
may increase risk of other forms of degradation.

4 A~
X Scission

_—
____.r/\‘\_f L/
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Biomass Blends and Composites

» Mechanical recycling of PP/lignin blends

» ' Lignin‘can‘act’as a simultaneous 'UV ‘absorber;radical scavenger, and reinforcement.
=\ Mimics melanin incthe-humamskin.

» Non-toxic alternative to conventional stabilizers (Irganox, Tinuvin etc).
— Moderate molecular weight and palymer interaction prevent migration.

Epidermal tissue...
*absorbs UV rays
*scavenges.radicals
*peels off when damaged

Ianks etal., J. Mater. Chem. A 12 (2024) p. 3014

Maleic-grafted
polyolefin %__ N
AN . e o o o.°= - -
'n. v 5 o
L R i § B X R AR €
Biomimetic W~ . : "GlycolLignin
stru»q_ture, \\' Polymer adiat-a ¥

//0—7\
I/"/\¢,°“f/z%
—
: \ o)
Reactive “\H ~0
extrusion \ )
/e 21



Biomass Blends and Composites

» Mechanical recycling of PP/lignin blends

» ' PP/lignin blends show superior-UV resig

Ianks etal., J. Mater. Chem. A 12 (2024) p. 3014
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Biomass Blends and Composites

» Mechanical recycling of PP/lignin blends

» ' Lignin‘limits: chain scission to the 'surface 'of the'bulk specimen:
=\ Chairyscission pragresses through therthickness-of neat PP.

Dumbbell cross-s

Absorbance (a.u.)

Ianks etal., J. Mater. Chem. A 12 (2024) p. 3014
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Biomass Blends and Composites

» Mechanical recycling of PP/lignin blends

» ' Lignin‘suppresses crack growth'to'the ‘'surface of'the ‘bulk 'specimen:
=\ Crackrdensity inereases while, crack-depthhydegreases, and,toughness increases.

45 45 45 45
g 30 30 30 ---------- 30
S 15 PP 15 GL-10wt% | GL-20wt% 15 GL-30wt%
0 0 0 0 e L
10" 10? 10° 10" 107 10° 10" 10’ 108 10" 10! 10°
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Neat Polyolefin GL Blend
< TEEGTE 25 = Fibrillated fracture
J / ‘ N Sl,?:f(;%teh fracture surface o
<~ L7 T prittle failure — local yielding
Js

— grafted lignin

GL-20wt%

et |

24
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Biomass Blends and Composites

» Mechanical recycling of PP/lignin blends
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Biomass Blends and Composites

» Current/future research on biomass blends and composites:

» ' Precise contrel over lignin dispersion‘and'blend morphology.

}T - Tge
i

Using lignin-tosturnjwaste plastics into high-performancevitrimers.
Upcycling of the oxidation products removed from waste materials during recycling.
All-biomass high-performance composites by controlling intérfaces.

_____________________________
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Functional Materials
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— Thank you for listening —

Jonathon Tanks

Senior Researcher V| | Polymer Matrix Composites\Group
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