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Why are Polyurethanes not circular already?

\ Mechanical Recycling

® Thermoset properties
® Variety of PUR

® Additives
]

| ¢ Downcycling
Flexible Polyurethane
Foam (FPUF) \ Chemical Recycling - Solvolysis
® Coatings ® PUR type-dependent processes
® Adhesives ® Additives

® Thermoplastic ® Product Yield
PUR

— Can Pyrolysis make PUR circular?
Cast Elastomer (CE) many more...
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Can Pyrolysis make Polyurethane circular?

Yields ||||
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Small Scale: Thermogravimetry

Lab Scale: PURPUR Batch Pyrolyzer

Pilot Scale: STYX Screw Reactor
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Next Talk: N. Netsch
Advanced analytical
methods for
characterization of
condensable pyrolysis
products from plastic
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Figure: Pyrolysis Experimental Set-up
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Thermogravimetry

Pyrolysis product fractions | RPUF | 10K/min
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Lab-scale Pyrolysis @ 450 °C

100

Current research:
80 4

® Reaction Temperatures

60 ® Temperature Profiles

" ® Residence Times

Yield in Mass % / -

® Reactor Technologies

20 H

Yield

0

RPUF

[ solid Residue [l Condensate [ ] Gas & Losses |
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Lab-scale Pyrolysis @ 450 °C
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Thermoplastic PUR Cast Elastomer
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Thermoplastic PUR Cast Elastomer
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Thermoplastic PUR
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Cast Elastomer
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October 7, 2024 Michael Zeller | KNT Symposium 2024 - Karlsruhe Institute for Technical Chemistry Ec

Reactor Technologie
& Scale-Up



Can Pyrolysis make Polyurethane circular?

October 7, 2024

Lo

Michael Zeller | KNT Symposium 2024 - Karlsruhe

yeSOQQ
no 00
maybe...

AT

Karlsruhe Institute of Technology

KIT

Karlsruher Institut fur Technologie

Towards Po|yurethane Circularity by Pyrolysis

& detailed product

Michael Zeller,Luca Welgel Aylin Hannemann, Pratistha Shrestha, Ankh-Erdene Erdenepurev, Lea
Wattenberg, Daniela Merz, Salar Tavakkol, Dieter Stapf

B ‘%,as

\wechanicalrecyeiing Feelstock | Polyurethane

wThermoset

properties R>
wVariety of PUR §(_ / 2
- sAdditives SN N /+ H—
Fiesible Foam (FPUF)| @D I
st Isocyanate (4,4-MDI) Polyol
«Goatngs chemical Recycing i NN
Ad olvolysis N |
e . ~ni i ]~
PUR(TPU) dependent TN / i
e processes H | o o
sAdditives . " e o= Polyurethane
many more wProduct Yield Urethane
Experimental Setup Results ) o,
N

= v [ = e
L i Pyrolysis yields:
Il l,, ® | » 20-40% residue
= 40-60%

|
] [:_ w condensate
7 T . o s ® 20% gas

- s e
. Liquid condensate oblained from all
Toedsiocks ply
1 Sumpls Topasiore
12 Oven Tenpwatirs <
e | T3: Oven Conid A dverse |
=Oven Set Temperature 500 °C = - - TN ¢ gl & [ Poyols |
sinert Flushing Gas Flowrate 50 mi/min i 3 .
sisothermal Dwell Time 60 min \ B —{ Dimet-MOA | ™ ByR:
sFeedstock Sample Mass 1||= [ 24NDA | | Monomer
®TPU, CE, RPUF 35401g (L P Precusors
“FPUF 25:01g ] \ -~
| \ [oTouidine | o= o
o# N 4,4-MDA L
‘ -
To-Do's GCxGC of
" condensates
 Process Parameter Variation &, iy
® Temperature » e
= Residence time § - ‘ Non-condensables contain:
® Detailed Product Analyses (GC-MS, ' - e i 3 = Carbon Dioxide, CO
GCxGC, NMR, ATR-FTIR) ‘”‘ | [ T > | = Methane
® Quantitative Product Analyses (GC-MS, - > - | mAlkanes & Olefins

® THF (TPU-specific)

GCxGC) fean——
= Scale-Up Evaluation

in der Hel www.kit.edu

KIT - Die

Institute for Technical Chemistry uc



