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Flexible polyurethane foam wastes — origin and challenges

Production waste Municipal bulky waste

 Market size of PU foams exceeds USD 50 billion (2023). < 13.7 million tons of municipal waste in Poland in 2021.
* Projected CAGR ~6.5% until 2030. * 2.8 million tons more than in 2015.
« Production volume exceeds 12.5 million tons. * Only 40% of selective collection.
* Flexible foams account for ~48.5% of market.  Mainly attributed to the waste furniture.
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Applied raw materials

Two types of flexible PU foams obtained from commercially available and
widely applied in industry PU systems:

« unfilled foam without any functional additives,

» composite foam containing 5 parts per 100 parts of polyol (php) of [~ passed through 2.8 mm sieve
waste rubber and 15 php of organophosphorous flame retardants,

 methylene diphenyl diisocyanate (MDI), O%C\N N/C¢O « MDI alone or MDI:AB 1:1

— mass ratio
« 3,10, or 15 wt% loading

HO O~ NHy

« ammonium bicarbonate (AB), \[]/
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Chemical rationale for the applied binder compositions
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Chemical structure of prepared materials
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Chemical structure of prepared materials

Unfilled foam Composite foam
- Sample . :
HBI DPS |Urea fraction HBI DPS  |Urea fraction
Urethane bonded
© Neat foam 0.42 0.29 0.02 0.39 0.28 0.03
(&)
§ MDI,,, 0.27 0.21 0.10 0.12 0.11 0.16
§ i MDI/AB,,, 0.48 0.32 0.04 0.43 0.30 0.17
2 Urea free o
MDL, o, 0.57 0.36 0.03 1.63 0.62 0.17
| Urea bonded MDIAB,,,, | 0.65 0.39 0.06 0.69 0.41 0.10
MDI, 5., 0.32 0.24 0.09 0.69 0.41 0.08
1640 1660 1680 1700 1720 1740 1760 1780 1800 MDI/AB, 5, 0.42 0.29 0.12 0.37 0.27 0.11

Wavenumber, cm™
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Appearance of prepared materials

F

Neat foam MDIl,,  MDIAB,, MDl,,, MDIAB,, MDl, MDI/AB,s,
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Morphology of prepared materials — unfilled foam

Neatfoam MDl,,  MDIABy, MDl,, MDIAB,, MDl,, MDIAB,g,
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Morphology of prepared materials — composite foam
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Neatfoam MDl,,  MDIABy, MDl,, MDIAB,, MDl,, MDIAB,g,

SEM HV: 5.0KV e
SEMMAG: 200X View field: 1.04 mm | 200 ym
SEM HV: 5.0 kV WD: 30.87 mm
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Insulation performance of prepared materials
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Mechanical properties of prepared materials
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Thermal stability of prepared materials

90
80
70
60
50
40
30
20

| ——MDI
{ ——MDI/AB,

—— MDI/AB,,

10%

—MDI,,

10 1

MDV/AB,

160

200

240

04
24
=
\ E
2 4
2 4
280 330 E
g
®  6-
W
g . —— MDIAB,,
w O ——MDl,
g —— MDIAB, |
104 |——MpI,,
-12

T T T T T T
100 200 300 400 500 600 70O 800 900

Temperature, °C

310

Unfilled foam

— T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900

Temperature, °C

Mass, wt%

FACULTY
OF MECHANICAL

' ENGINEERING

100
90
80
70
60 -
50 4
40 -
30
20
10

—— Neat foam

——MDI,

—— MDI/AB,,,
—— MDI

10%
—— MDI/AB, |
—— MDI

15%

MDI/AB, .,

00 04—
98
98
a4 c 24
92 £
%0 N 4
3 -4 4
B 20 % E
g — Neat foam|
© 69— MDIs%
§ ——MDI/AB,,
; ’8 1 MDI1D%
é ——MDI/AB, |
-10 MDI15%
MDIAB, .|
-12

———T— 71— T 7T
100 200 300 400 500 600 700 800 900

Temperature, °C

190 230 270 310

Composite foam

— 7T T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900

Temperature, °C




R FACULTY
)/ \ [ =]
@ ) POZNAN UNIVERSITY OF TECHNOLOGY 2024 @ oF MECHANIZAL
A ,j : ENGINEERING

Conclusions and future remarks

» Efficient recycling process with novel binder composition using simple process of compression molding,

Reduced amount of conventionally applied diisocyanate required,

Changes in the chemical interactions and resulting structure of final materials,

PU phase decomposition extent driven by the MDI/AB ratio,

Potential applications as waste-based binder for engineered wood materials,
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