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* Polyurethane market and wastes;

* The need of a circular economy strategy;

e Chemical recycling of polyurethane by glycolysis;

* Application of the glycolysis product in the synthesis of

new rigid PU foams.
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Other plastics

W2016 M2017

Source: PlasticsEurope Market Research Group (PEMRG) / Consultic Marketing & Industrieberatung GmbH

51.2 mt 18.4 mt 3.6 mt

Total converter Polyurethane Polyurethane converted in
demand converted in the world EU in 2017
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\
‘ Thermosetting material
‘ High volumes

\

Mixed with others materials (es. coatings in
insultation panels)
|

Presence of blowing agents and flame retardants
[

‘ High cost for disposal
7

ROME, 10t October 2019 4



¥ Polymer UNIVERSITA

Circular Economy +& Engineering (3 pesurSob:

e, Group 2y’ DI PADOVA

Waste legislation and policy of the EU Member
States shall apply as a priority order the following
waste management hierarchy:

Plastic ,*' Product
production . manufacturing
¢

Most preferable

Avoid and reduce waste

N Ry N o Reuse waste
s 0 £
tn‘ ‘|. QJ ,.’
Y A ; Recycle waste
“:i‘ : :. \\. _.I'. v
Feedstock X 'I N b ’f
\ ~ Recover energy

Mechanical
recycling

'
RERAIR Treat waste

Dispose of waste

Chemical
recycling
T

Least preferable
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f ' 1

MECHAMICAL REEH’ELIHG* AEEDETEH:I{ RECYCLING * RECOVERY OF ENERGYIR
y,
/ ff Chemical Recycling ¥ ) : '
® Rebonding R, & Combustion
® Regrinding / Powderin y y_ ; & Incineration
F : ® Hydrolysis @ Phenolysis
@ Compression Mouldi : p : ; ® Thermal Degradation
: : @ Acidolysis @ Aminolysis
@ Adhesive Pressing 0 P Y,
Themmo-Chemical Recycling Y \
® Pyralysis
® Gasification
@ Hydrogenation
oy

T
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Synthesis
of new PU
rigid foams

PU powder
waste

Recycled Glycolysis

process
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MAIN REACTIONS:

TRANSESTERIFICATION through a glycol

o o]
A, cat
—@ )-I\ R— . ’ T J\ R
SHN o~ *+ OH—R—OH > e R™ % " ™Sun o~

Polyurethane Glycol Polyol Carbammate

0 0
il |

c R'- 4+ HO H «—> -R__ _C
SNHTUNHT ~ N0 SNH Y07 N V0H + -R—NH,

Urea Glycol Amine

All these reactions lead to the formation of products
with end groups reactive with isocyanate
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SIDE REACTIONS:

HYDROLYSIS

- A, cat
q’x )'I\Df + H,0 —> HO—R- +@¢-+ CO,

Urethane Water Polyol  Amine g?gggg

PYROLYSIS

0
o M e
H‘HN D.f - @ + CO,| + HLC=CH—R"-

Urethane Amine d|or>232 U”%agﬂféﬂted

All these reactions lead to the formation of products
with end groups reactive with isocyanate
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Glycol/polymer Boiling point vs
Glycol type ratio — Viscosity and nOH
Catalyst/polymer Selectivity vs
Catalyst type ratio _ Activity
Fast cinetic vs side
Temperature _ products formation
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044317 FT-IR
Spectroscopy

Absorbance

3500 3000 2500 2000 1500

Wavenumbers (cm-1)

1220
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Glycolysis can be extended to different
classes of polyurethanes or materials:

[ Polyurethane rigid foams ]

[ Polyurethane rigid blocks ]
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The highly cross-linked structure of
& “‘K—‘}] the rigid polyisocyanurate foams
lead to a liquid glycolysis product
with highly branched oligomers.
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Reinforced injection molding (RIM)
polyurethane or polyurea

A\
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Reinforced injection molding (RIM)
polyurethane or polyurea

Polyurea basic molecular structure: iycol/RIM Viscosity nOH
Y [cP] [mgKOH/g]
c l o 0 72 } 60/40 650 520
“2"’3"°J 2= cHy °—°'?@2@T_c“?@T 50/50 1448 446
H )4 H H
n cons cay 40/60 3557 404
+ Glycol
15 -
2 P
HoN NH; .
Oligomers + L Saall —— Cat1
£ —— NOcat
4 1
e —— Cat2
diethyl toluene diamine (DETDA) s ]
o T T . - '
o 50 100 150 ago  reaction time [min]
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H,N” ‘ ‘ “NH,

4,4’-methylene dianiline (MDA)

!
SOC

CONSEQUENCES:

e Can cause skin irritation and liver damages;

e Labelling costs for the handling and transport;

Amines catalyse PU synthesis, so bad reaction

considered suspected control.
carcinogen by NIOSH and
ECHA
L +Calwhlml d
SOLUTIONS: B )
* Prevent MDA formation !
_ a4y o
2 Ll
0 Use a more selective catalyst towards glycolysis; £ 1'?_
0 Optimize the catalyst concentration; S gs

0 Dehydrate the reactants before glycolysis.

* Abate MDA through a deaminating agent 0

0 50 100 150 200
t, [min])
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; ; Hydroxyl number
Viscosity (u) y (nyOH)
Amine content (HPLC) Molecular weight

(GPC)
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The liquid product obtained by
glycolysis can be wused in the
production of new rigid foams.

Surfactants
Catalysts

Virgin polyol Recycled polyol

Ratio recycled/virgin polyol:

0/100 75/25
25/75 100/0
50/50
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Viscosity nOH
Glycol/PU [cP] [mgKOH/g]
40/60 2500 560

Density 46 kg/m?3

350
300 = 26
= — —_
= 250 = x
= —
= — | =
on =
c
g oo — E 2
o k9
— = =
S £
§ 150 2
£ §
; — :
100 E 2
E =
50 = 21
0 20

REF 25 50
Recycled polyol [%]

~
%21

Recycled polyol [%]
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Glycolysis product from reinforced injection molding (RIM)
polyurethane or polyurea

Viscosity nOH
Glycol/PU [cP] [maKOH/g]
60/40 650 520

Density 38 kg/m?3 -

REF 25%R 50%R 75%R 100%R
Mechanical properties Thermal properties
300 25
P
- 250 == = 24 _—
o —I — — _ ——
b % E= = =: fza,s e |
% 0 = = = — S .
g = = == = 2 | % - N
8 = = BE B = £ = | | —_— —
T 150 = = == = = s 25 | — . = —
H = = = = = g = .. § %
3 = = - = s g 2 - [ -
g0 N == [ = — 2 S - S [ —
—_— = —_ — — £ 25 % — — — =
SO —— e = - 8 = =
= = % = % 205 | | | — | |
= = = ’ = E — —
e o - a o — RIF 1 25 50 75 100
RIF1 2 50 75 100 ey ookl T
Recycled polyol [%)
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2014/2020

POR*®

FESR / REGIONE DEL VENETO

UNIONE EUROPEA
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Thank you for your attention

22
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