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AIM OF THE PROJECT
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@ composites,
« Manufacturing of foamed polyurethane(PU)/GTR
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i g s s composites with potential use of insulation or damping
materials,
« Enhancement of thermal stability and reduction of
9 flammability of foamed PU/GTR composites,
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BACKGROUND

POLYURETHANE FOAMS

» Global demand for polyurethanes ~20.4 milion tons, ~59% accounts for foams,
~31% for flexible foams,

* Applied in the furniture, automotive, construction, packaging industries, as well
as damping and soundproofing materials,

» Crucial direction of development pronounced by producers - increasing the
functionality, reducing waste generation, or reducing materials’ costs,

» |tis essential to provide beneficial cellular structure, which determines the
mechanical, thermomechanical and insulation performance,
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BACKGROUND

GROUND TIRE RUBBER

In Europe, almost 3.3 million tons of car tires are being withdrawn from use
annually,

The European Union’s primary method is material recycling (accounting for
~40% of car tire recycling),

The most popular is the shredding of tires, resulting in ground tire rubber
(GTR),

Application of GTR enables lowering of materials’ costs,

Also, it may enhance various materials’ parameters, e.g., tensile strength,
toughness, or sound absorption properties,

Interesting candidate for PU foamed materials - lower thermal conductivity
coefficient of GTR compared to solid PU (~160 and ~220 mW/(m-K),
Although, it may require modifications to increase surface roughness and
improve interfacial adhesion,
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GTR MobiFicaTiION PROCEDURE

Zinc Borate

40 oh ‘\ Unmodified GTR/zinc

= r :

- borate composition
(for comparison)

Twin-screw extrusion At least 10 minutes of
TR oL stabilization and Modified GTR/zinc

borate compositions

e Screw speed — 80, 150 or 350 rpm, monitoring of the

» Barrel temperature— 150 or 200 °C, process
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MobiFiED GTR PARTICLE SizE
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PRrRepPARATION OF PU ComposiTE Foams
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Foams’ CELLULAR STRUCTURE
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Foams’ CELLULAR STRUCTURE

. 150 °C/80  200°C/80 150°C/150 200°C/150 150 °C/350 200 °C/350
Parameter Premix
rpm pm rpm rpm Ipm pm
A‘;ie;:gi;eu 1924116 186+106  172+98 166 + 91 163 + 86 160 + 83 163 + 90
Circularity 0354021 036+023 050+£027 0514027 0544027 054+£024 0.59+0.27
Aspectratio 1.34+031 1324024 1324027 1314022 1294022 1294019 1.29+0.23
Roundness 0.78+0.15 0.78+012 0.78+0.12 0.78+0.12 080+012 0794011 0.79+0.12
Open cell 57.66 57.07 54.54 54.31 53.15 56.13 59.29
content, %
A coefficient, 69.15 66.65 65.56 68.21 64.97 68.63 69.16

mW/(m'K)
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Foams’ MEcHANICAL PERFORMANCE

. 150°C/80  200°C/80  150°C/150  200°C/150  150°C/350 200 °C/350
Parameter Premix
rpm rpm rpm pm rpm pm
Tensile 7014112 9934104 1009493 974410  802+19 1019481  915+43
strength, kPa
Blongation 15, , 4o 156+14 152410  163+12 175+6 160 + 10 150+ 3
at break, %
To?ihgfss’ 7184244 91.4+184 921+163 924+23  766+15 992+215  79.6+5.7
E"at25°C, 1.94 5.34 5.40 3.96 4.45 5.23 5.24
MPa
T OESTK 492 493 433 -50.0 493 _48.5 -48.6
Ty of 2U 19.7 33.9 32.3 26.3 21.4 24.9 253
foam, °C
10
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Foams’ THERMAL STABILITY
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GDSPTssléﬂ?\lllc\)lfgg\l(TY Sample  Taw 'C T 'C Tawe 'C Tiswi 'C Traxt, °C Tmaxz, 'C - Residue, wt%
A CULTY OF CHEMISTRY Premix 2422 2611 2815 4183 2863 4243 10.85
150rpr(r31/ 8 2465 2618 2801 4165 2686 4233 11.61
200rp1(131/ 80 2462 2638 2825 4192 2674 4240 10.85
@ P0°CHS0 hg76 2631 2823 4192 2642 423.0 11.85
POLITECHNIKA ZOOrSéI}l 50
im. ol g Srndeckic rom 249.1  263.8 2844 4202 2684 4243 11.97
150rp%350 2481 2647 2852 4208 2691 4243 11.64
200rp%350 2488 2661 2864 4213 2712 4249 12.20
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Foams’ SounD ABSORPTION PERFORMANCE
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CONCLUSIONS

» Moadification of GTR with zinc borate enable reduction of particle size and
increase of roughness of GTR particles surface,

* It yielded higher homogeneity of foams’ cellular structure and enhanced
composites’ performance,

* Enhancement of insulation performance was noted,

« Higher GTR roughness improved interfacial adhesion and increased
composites’ strength,

« Thermal decomposition onset was shifted towards higher temperatures,

» Sound absorptio coefficient was hardly affected, pointing to the need for more
substantial modifications of cellular structure.
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