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Polyurethane overview

Thermoset PU
20 Mton in
2019

Flexible foam
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Polyurethane history

hexamethylene diisocyanate (HDI) toluene diisocyanate (TDI) toluene diisocyanate (TDI) methylene diphenyl diisocyanate (MDI)

_N N
Osc N o//c//N (o N\\c\\o RN O c*°

SN \\c\\o x, x/ N N7

o o

(o}

O oot oo ofe Lo
(o] | m n o) 1
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Linear fibers Coatings Elastomer Flexible foams Rigid foams Reaction injection
molding
PUReSmart project results - Chemical

recycling technologies for PU




PUReSmart RESTRICTED - Under Consortium Agreement, Confidential until Dec 31st 2026

Flexible polyurethane foam
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Polyurethane = network of polyol segments
chemically linked via urethane and urea linkages
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State-of-the-art polyurethane chemolysis
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State-of-the-art polyurethane alcoholysis

* Excess input of alcoholyzing agent e.g. glycerol
* Extensive upper phase (UP) purification
* Inadequate lower phase (LP) valorization

-> unfavorable mass balance

-> high process cost + CO, footprint

Waste water
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PUReSmart strategy

» Catalysts + additives = higher reaction rate
» Alcoholyzing agents = higher purity and yields of polyether polyol
» Valorization of aromatic compounds in lower phase

aromatic diamines
e.g. on ion exchanger

P OH
step 3
purification
polyol polyol
N step 1 v /-OH . P )_OH ]
~1 9 palyol . | . chemolysis HO 97% purity HO 99% purity
T N’C‘O’ H = =PHASESPLIT—- — — — — = = = = = — — e e e e e e e e e - = /
H Ho 'OH 30-35 wt% diamines X |
n
Pure / EoL foams HO. )L /O\ A .OH /Q HNT 57 NH,
HOOH H,N NH, step 3
)L /O\ HO’.’OH hydroly5|s /@\ HOOH purification
HO
.‘O H,N NH, Y
| Ho-(Ba-O"

/O\ H
o]
I s
H,N NH, HO’.’ HoN NH,  recycled glycol

PUReSmart project results - Chemical
recycling technologies for PU




Polyurethane foam alcoholysis in diethylene glycol

Toluene dicarbamates (TDC)
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Toluene diamines (TDA) Toluene aminocarbamates (TAC)
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Conditions alcoholysis:
1.5DEG: 1 PU

0.01 Bi(lll) neodecanoate : 1 PU
200°C, 180 min depolymerization

Vanbergen et al., ChemSusChem 2020, 13, 3835 - 3843
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Polyurethane foam alcoholysis in diethylene glycol

Toluene dicarbamates (TDC) Toluene diamines (TDA) Toluene aminocarbamates (TAC) Yield polyether
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0.01 Bi(llh neodecanoate : 1 PU recycling technologies for PU
200°C, 180 min depolymerization ~ Vanbergen et al., ChemSusChem 2020, 13, 3835 - 3843
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Polyurethane foam alcoholysis in diethylene glycol

IOH (mg KOH/g)
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Polyurethane foam alcoholysis in various alcohols

IOH (mg KOH/g)
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Upscale polyurethane foam alcoholysis with diglycerol *
90 min dissolution, 300 min depolymerization
High yield (98%) and purity (97 %) of polyether polyol
Purification step with diglycerol = improved purity (99%)
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Synthesis of flexible polyurethane foam with recycled
polyether polyol
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Valorization of the lower phase
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Valorization of the lower phase
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Conclusion

Cata'yst: B|(|") neodecanoate AICOhOI . PU ratio from 1.5 . 1 to 0.5 . 1
Additive: 2-pyrrolidone no loss of polyether polyol yield or purity

Recovery of polyether polyol in high yield and purity
50% replacement of virgin polyol with limited effect
on foam properties

Upscale alcoholysis +
purification with diglycerol

Hvdrolvsis of | h Recovery of aromatic compounds as toluene
ydrolysis of lower phase diamines (TDA) and alcoholyzing agent
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Thank you

Any question?
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