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Bio-based/ Global Polyurethane Market
1o-qatiribute
plastics Share, by End-use, 2022 (%)
_ 1.5%
Fossil-based PP
thermosets
(excl. PUR)
7-]3\’ " L L
Other
o Stner PU high versatility \‘
thermoplastics
7.1%
390.7 Mt
14.4~
PUR
5.5%
PET
o PVC
6.2 PE-HD, -MD 12.9¢ @ Construction Furniture & Interior Automotive Electronics & Appliances
12.5% @ Others @ Packaging @ Footwear
Sources: Conversio Market & Strategy GmbH and nova- Source: Grand View Research
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Transition from a linear to a circular economy model

NEVCHELS
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Acidolysis reaction

0 H H 0 % o 0 H H R O
3
mR1/ \H/ \Rz/ \l_r \R1m + JJ\ )k —’ MﬂR1/ T RZ/ T + COZ +[MR1—OH]
0O 0 HO Rs OH 0 0 OH

! !

Cleavage agent: dicarboxylic acid Amidic group Polyol

L I
Succinic acid: HO/\/\H/OH
O
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Initial experimental

» Design of Experiment (DoE)

campaiqgn

PU adhesive scraps Acidolysis Recycled polyol
SRR blend

New PU
adhesive

b Objectives: + MDA < 1000 ppm;

o AV < 2D8KkoH
. 8sample
b Duditerm PU 115 and 127/5 . HV within 30 . 45 Mexon

8sample
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Initial set of experiments "hz_y_:un'eAdes-v-

Duditerm PU 115
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Initial set of experiments NI DuranteAdesivi - 1

= Duditerm PU 115 —A15
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Optimal acidolysis reaction conditions

Design of Experiment ——

Effects of the factors on the KPIs
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Model First order kinetics for the product
Equation CO0-exp(In(C0O)-k*x)
Plot SuA =5.00% SuA=250% SuA=125%
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Acid value

DoE key performance Hydroxyl value
indicators (KPIs)

Average molecular weight

Viscosity

Reaction temperature: 200-230 °C

DoE investigated s> Polyurethane to acid ratio: 10 — 50 kg/kg
factors \

Polyurethane to polyol ratio: 0.5 — 1.5 kg/kg
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Molecular weight Viscosity Acid value Hydroxyl value
Factor Coefficient Factor Coefficient Factor Coefficient Factor Coefficient
Intercept 4197 Intercept +27 Intercept +2.0 Intercept +43

A -0.62 A +1.6

B -1.8 C -6.5
C +0.52
B? -348 AC -1.3 AB +0.69
C? -130 BC +3.5 BC -0.55
B2 -1.6 B* +1.0

C? +1.1

A: Reaction temperature
B: Polyurethane to acid mass ratio
C: Polyurethane to polyol mass ratio
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Optimal acidolysis operative conditions - Recycled polyol properties
(employed for both the PU scraps tested)
Acid value —  1.28 MPxon/sample
Temperature — 220°C Hydroxyl value —  43.3 MYkon/sample
PU/Acid ratio — 50 kg/kg Molecular weight — 4382 g/mol
PU/Polyol ratio — 1 kg/kg Viscosity — 745 mPa's
MDA content — <25 ppm

Used for new adhesives synthesis




Adhesives from recycled polyols SR DuranteAdestvi 1 1

Duditerm PU 127/5 ‘ Adhesive for edge bonding

Duditerm PU 115 ‘ Adhesive for wrapping




Adhesives from recycled polyols SIS DuranteAdesivi. 1 1y

New adhesives produced using different amounts of recycled polyols

L « PU 115 recycled: from 10%w to 40%w of recycled polyols
« PU 127/5 recycled: from 16% W to 40%w of recycled polyols

©
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Comparison between original recycled adhesives NI DuranteAdesivi

MEMBER OF THE SOUDAL GrOUP
100 ﬁhﬁ

(0]
o

—Virgin PU 115

D
o

FTIR )

—New PU 115 - 27.5%w of
recycled content

IS
o
-

Transmittance [%]

N
o

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber [cm™1]

160000
140000
120000
100000

80000

14696 g/mol

12456 g/mol
—Virgin PU 127/5

GPC mmm)

(o)}
o
o
o
o

—New PU 127/5 - 16.5%w of
recycled content

Signal [uV]

40000

20000 367 g/mol

218 g/mol

e

15 16 17 18 19 20 21 22 23 24 25 26 27
Elution time [min]




Comparison between original recycled adhesives NI\ DuranteAdesivi. < i

« Evaluation of the bond strength
Peel tests

- between panel and edge

 (Crash effect, i.e. adhesive failure

Crash




Comparison between original recycled adhesives jﬁgﬁf__{_’::?tﬁﬁésﬂxiv

Peel on MDF (N/mm)

Product: = 127/5#3 -5 PU127/5STD

11 1

104

11.04 N/mm

10.51 N/mm

5.96MN/nfm

5.4 N/mm

0' 1h 199 7499
Time

Peel on chipboard (N/mm)

Product: = 127/5#3 = PU127/5STD

7.96 N/mm

Time

Pull speed: 250 mm/min

799
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PU 127/5 STD
«Crash» at 0’ and 1h
on chipboard ed MDF

PU 127/5 #3
No «Crashing» phenomena



Application tests on recycled Duditerm 127/5

Blend

127/5#3

Temperature

Environmental

Comparison between original recycled adhesives SIS DuranteAdesivi. 1 1y

Weight Run
@ 1 min [cm]

Weighr Run
@ S min [cm]

Temperature
16,5% recycled
40 °C
Environmental
127/5#4 Temperature 8.5 9
29% recycled
40 °C Falls@ 10 s Falls @ 10 s
Environmental
127/5#5 Temperature 18 24
39% recycled
40 °C Falls @ 30 s Falls @ 30 s

127/5 STD

Environmental
Temperature

40 °C

400 grams weight
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Comparison between original recycled adhesives j'm':ﬂ_mf"gtsﬁﬁ’s&ix!-

Test su Duditerm PU 115 riciclato

PU 115 STD PU 115 #2
Opentime 2/3" 2/3"
Viscosity ~30000 mPa s 32500 mPas
% recycled 0 27,50%

Open Time: It is the time within which the
adhesive, after having been applied on the
foil, will stick on the profile and result in a
good bonding — UNI 111982

Incollaggio su foglia di PP primerizzato
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« The chemical recycling of PU adhesives can be effectively carried out through
acidolysis, without the need for a deamination step;

« The recycled Duditerm PU 127/5 showed adhesion properties similar to those of the
original adhesive, and was produced using recycled polyols up to 16.5% by weight;

 The recycled Duditerm PU 115, produced with a recycled polyol content of 27.5%
by weight, showed chemical and adhesion properties very similar to the original
material.
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