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Characteristics of Polyurethane Degradation

Kumagai, Shogo; Motokucho, Suguru; Yabuki, Ryosuke; Anzai, Airi; Kameda, Tomohito; Watanabe, Atsushi et al. (2017): Effects of hard- and soft-segment composition on 

pyrolysis characteristics of MDI, BD, and PTMG-based polyurethane elastomers. In: Journal of Analytical and Applied Pyrolysis 126, S. 337–345. DOI: 10.1016/j.jaap.2017.05.012.
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Material Selection - Model Polyurethanes

Flexible Foam Rigid Foam

Thermoplastic

PUR
Cast ElastomerFlame Retarded

TPU

MDI/PMDI + EO&PO-Polyether-ols

Foaming agent: Water

MDI + PolyTHF
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Thermogravimetry – Kinetic Modeling

m0=10 mg, 10 K/min, 

Atmosphere: N2

𝑤𝑐𝑎𝑙 = 1 − 𝛼1𝑣1∞ − 𝛼2𝑣2∞
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from Garrido et al. 2016 (https://doi.org/10.1016/j.enconman.2016.04.048)
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Kinetic Modeling – work in progress
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Kinetic Modeling – work in progress
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Kinetic Modeling – work in progress
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degradation:

MDI (29 wt.% in PUR)

Glycerine (2 wt.% in PUR) ≠ v1∞

v1∞ v2∞ EA,1 EA,2 k0,1 k0,2 n1 n2

- - kJ/mol kJ/mol 1/s 1/s - -

0,10 0,83 171 203 4,92*1013 1,26*1014 2,86 1,50
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Slow isothermal mass loss

→ slow degradation reactions

→ little volatiles generation

→ N-Release?
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Preperative TGA – work in progress

T Element Balance

°C % 

Feedstock C

% 

Feedstock H

% 

Feedstock N

350 37 27 55

450 19 9 25

TG-FTIR, Py-GC-MS
Residual mass @ 

900°C = 15,6%

Rigid Foam

β= 5 K/min, 4h isothermal time
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Two-step mechanism confirmed for broad range of PURs

Kinetic Model can reproduce overall mass loss and peak temperatures well

Current & Future work

Expansion of model dataset with isothermal experiments

Product evolution

TG-FTIR

Py-GC-MS → higher heating rates

Influence of secondary reactions in lab scale pyrolysis
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Conclusions & Outlook
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