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Abstract. This work is concerned with the preparation
of thermoplastic polyurethane elastomer (TPU)
composites with mica, and their characterization as for
processability, mechanical and thermal properties and
morphology behavior. The amount of added mica varied
from O to 20 phr and the results showed few interactions
between mica and the polymer matrix. Processability is
facilitated by the increasing amount of mica but TPU
upon strain crystallizability, aswell as Ty, decrease with the
increase in mica content. The main interest in using mica
is the evaluation of a low cost mineral as a reinforcing
material for the engineering polymer TPU.

Keywords: thermoplagtic polyurethane eastomer, mica,
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1. Introduction

Thermoplastic polyurethane (TPU) is one of the
most versatile engineering thermoplastics which can be
tailored to meet the diversfied demands of modern
technologies in different fields such as coatings, adhesives,
reaction molding plastics, fibers, foams, rubbers,
thermoplastic dastomers, and composites[1].

In comparison to conventiona rubbers TPU
possesses high tensile modulus, high abrasion resistance,
and high wear and tear resistances. It is well known that
TPU eastomers are linear multi-block copolymers
containing soft and hard segments. The hydrogen bonds
exiging in TPU are labile, and thus they can be
redistributed depending on thermal effects or by means of
modification. The hydrogen bonds distribution influences
the extent of microphase separation as well as the set of
properties typical of these materids [2]. In providing a
network of physical junctions, the hydrogen bondsin TPU
play acritical role.

Solid minerals such as micas have a high surface
energy, due to the presence of hydroxyl groups on the sur-
face. Because of thisfeature, polar polymers such as polyure-
thane polyether could be thought of as being able to form
H-bonds with the hydroxyls available on thefiller surface[3].

In the present study attempts have been made to use
particulate mica as a filler for TPU, with the objective to
investigate the potential of this mineral in bringing about
improvements in processability and also the effects this
filler would have on the properties of the final compound
[4]. Mica muscovite, a plate-like crystaline auminum
dlicate, was used in these composites due to its excellent
mechanical, eectrical and thermal properties as well as to
its low cogt and abundance in Brazil [5]. In this work, the
amount of micaranged from 0 to 20 phr.

2. Experimental

2.1. Materials

Thermoplagtic Polyurethane Elastomer (TPU), a poly
ether type, with the molecular weight M, = 69000 g/mal,
My, = 220000 g¢/mol and PD (M/M;))= 3.2, was supplied by
Basf SA. (SP, Brazil); mica  muscovite
(K,08Al1,0:6S50,2H,0), from Brasiminas Indadtria e
Comércio Ltda. SP, Brazil, presented the characterigtics:
density 2.78 g/cm®, superficia area 7.575 mé/g and particle
size distribution from 50 to 0.2 um (obtained by Sedigraph
5100 with software Micrometic V1.02).

2.2. Preparation and Processability
of Composites
Mixing was performed on a Rheomix 600 Haake

rheometer mixing chamber, during 30 min at 453 K and
60 rpm, with ardller type rotor. The amount of micain the
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TPU composites varied from 0 to 20 phr (parts per hundred
parts of resin).

From a torque versus time curve the following
parameters were measured: totalized torque (TTQ), given
by the integral under the curve, and stabilized torque (TQ),
the equilibrium torque which indicates that homogeneity
has been achieved, and can be considered as the mdt
viscosity. The mechanical energy required to process the
mixtures (Ey) can be calculated, multiplying TTQ by the
angular velocity w(w = 2p rpm). The specific energy of
processing (Eg) is obtained from Ey as a function of the
material massinside the mixing chamber (Eq, = Ev /). The
equations can be found in the literature [6-9].

2.3. Characterization
2.3.1. Mechanical properties

The tendile strength properties were measured on an
EMIC DL3000 with a camp speed of 200 mm/min,
according to DIN 53504 standard. Specimens were of 2
type. Shore A hardness was determined following ASTM
D 2240 procedure, and abrasion resistance was carried out
according to DIN 53516, in a Baress ABG6026/03
Abrasimeter using weight of 10 N and distance of 40 m.

2.3.2. Transmission electron microscopy (TEM)

A Zeiss CEM 902 transmission electron microscope
was utilized to investigate the morphology of the TPU/mica
samples. The voltage was of 80 kV.

2.3.3. Differential scanning calorimetry (DSC)

The glass transition temperature (Ty) was determined
in a Differential Scanning Calorimeter (DSC), modd Q
1000, from TA Instruments, under nitrogen atmosphere,
temperature ranging from 153 to 473 K and 10 K/min
(10 K/min) heating rate. After the first run, the samples
werefast cooled to 153 K and reheated at the same hegting
rate. Ty was taken from the second run.

3. Results and Discussion

If apolymer isintroduced into the mixing chamber of
the Haake torque rheometer, the solid granules offer at firsta
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certain resstance to the free rotation of the blades and
therefore the torque increases. After this resigance is
overcome, the torque is required to rotate the blades at the
fixed speed decreases, and then reaches a steady-date after a
short time. When the heat transfer has been achieved so that
the particles core is completely mdted, the torque decreases
again and reaches a second steady-stateregime[10]. Thislast
deady-state torque is a measure of the mdt viscosity
(stabilized torque — TQ) for a given morphology under
certain experimental conditions. In Table 1 results of
processability parameters obtained in the Rheomix Haake
rheometer for al developed compaositions are shown.

The doable condition, determined from the
stabilizetion time was considered after discontinuation of
mixing, undertaken to prevent risks of further degradation of
the mixture components. The processability results show that
in addition to mica the stabilized torque decreases. Asmicais
a plate like materia [9] its crystalline form may facilitate the
flow of these TPU compoasites, thus acting as a processing
agent. As a consequence, totalized torque (TTQ), mechanical
energy (Ev) and specific energy (Eg) al decrease with the
increase in the filler content. These results are very
interesting from the technological point of view, as larger
quantities of composites can be produced per unit of time.

As said earlier, mica has a high surface energy, due
to presence of hydroxyl groups on the surface. Polar
polymers as polyurethanes polyether may then be able to
form H-bonds with the hydroxyls available on the filler
surface [3], in such a way that the final properties of the
compound will beinfluenced by the type of processing.

This influence has dready been observed, as
described in a previous work [11], for TPU-mica
composites obtained by extruson. In the present work
processing in a mixing chamber was specially chosen asto
minimize the effects caused by the interactions that may
occur during processing, which would induce molecular
organization. Fig. 1 shows the stress versus strain results for
all composites.

From Fig. 1 it can be seen that the stress induced
orientation starts near 400% dtrain. At higher drains
(beyond 600 %) the resi stance decreases and the elongation
at break undergoes a little decrease with the increasing
addition of mica.

Table 1
Processability resultsfrom Rheomix Haake r heometer

Composites Stahilized Totdized Mechanical energy Specific energy (Eg),
TPU/Mica, torque (TQ), torque (TTQ), (Em), Jg

phr Nm Jxmin kJ

100/0 231 137.00 51.62 954.16

100/5 2.16 112.65 42.45 762.53

100/ 10 1.65 110.59 41.68 728.67

100/ 15 1.40 107.00 40.32 687.35

100/ 20 1.00 98.00 36.93 614.78
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Fig. 1. Stress-strain curves of TPU polyether and its
compositeswithmica: TPU 100/0 (&), TPU 100/5 phr mica
(b), TPU 100/10 phr mica(c), TPU 100/15 phr mica (d) and

—e—at 100% —o— at 300% —a— at 400% —x— at 500% —s— at 600%

Fig.2. Modulii of TPU composites with mica

TPU 100/20 phr mica (e)
Table 2
Results of mechanical propertiesof TPU/mica composites
Composites| Tensile | Elongation| Energy | Abrason
TPU/Mica, | drength, at bresk, | at bresk, loss,
phr MPa % N>mm mm®
1000 |36.88+282| 697+66 | 17666 |14.26+ 111
100/5 |3511+441| 686+62 | 16813 |24.39+1.26
100/10 [3251+233| 682+40 | 16739 | 3512+ 145
100/15 |25.86+1.94| 659+25 | 14051 |46.22+0.77
100/20 | 20.61+269| 635+69 | 12478 |56.41+3.00

Tendle parameters are dependent on the chains
orientation during the applied stress. As the composites in
thiswork were not extruded, but rather obtained ina mixing
chamber, orientation of the TPU chains was not favoured
by the used processing technique. According to D. Gan et
al. [3] the effect of the filler on the tensile strength may be
also attributed to the counterbalance of two phenomena, as
increasing filler contents is present in the polymer
composites, namely, the increased effective surface fracture
energy, and the increased sizes of voids and agglomeration
of filler particles [12, 13]. At the addition of thefiller to the
polymer matrix, dispersed particles make the crack
propagation path longer, absorb a portion of the energy and
enhance the plagtic deformation. Therefore, the surface
fracture energy increases and the strength of the composites
should aso increase with the volume percentage of the
filler [12]. On the other hand, by increasing the filler
contents, the size of the voids formed when the polymer
meatrix becomes detached from the filler particles due to
deformation, will become critically large and may initiate

the main crack [12]. Furthermore, the inevitably increased
agolomeration of dispersed filler particles will result in
decreased mechanica strength due to the low strength of
the agglomerates themsel ves [13].

Table 2 shows that the rupture energy decreases with
the increasing amount of mica, which can be a consequence
of the wide distribution of particde sizes, thus making
feasible the possibility of clusters formation.

These dusters would hinder the TPU soft segments
from becoming oriented under tension. Similar behaviors
have been reported in the literature with TPU composites
using other fillers[14, 15].

The results of modulus at different drains as a
function of mica content can be better visudlized in Fig. 2.

At very low drain, mica contents up to 20 phr cause
this property to increase as a conseguence of TPU-filler
interactions. These interactions athough not numerous, are
dtill enough to impart a little stiffness to the materia at this
leve of deformation. However, at very high strain (600 %)
these interactions are no longer able to be maintained and
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the composites come to fail, also as a consequence of the
processing method (mixing chamber).

Fig. 3 shows the results for all composites Shore A
hardness.
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Fig. 3. Hardness of TPU composites with mica

This property increases with the addition of mica, as
a conseguence of increasing molecular stiffness, thus
corroborating the modulus behavior at alow stress.

The friction and abrasion of polymer materias are
complex and dynamic processes, dosdy related to
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hardness, toughness, fatigue, and so on. TPUs are materials
with excellent abrasion resistance and high resilience. As a
result of these properties, they have been widely used in the
manufacturing of oil and water pipes. Inthiswork, abrasion
resistance of the composites decreased as the amount of the
particulate filler increased, as shown in Table 2, since mica
particles are much easier to be removed from the composite
surface than the polymer.

The dispersion of mica particles in the TPU matrix
was observed by transmission eectron micrascopy (TEM).
Fig. 4 shows the micrographs of TPU composites with 5
and 10 phr of mica, at 2 um scaleand details at 500 nm.

The used mica has a wide digribution of particle
sizes (50 to 0.2 um) and from the micrographs this large
size dispersion can be observed. Also it can be noticed thet
the particle sizes are kept unchanged, as expected, since
their incorporation was carried out in a mixing chamber,
under low shear.

Fig. 5 shows the variation of the glass transition
temperature (Ty) values for the TPU soft segments,
obtained from DSC curves, asafunction of mica contert.

Fig. 4. TEM microphatograph of TPU palyether/ mica composites: TPU/ 5 phr of mica(a) and TPU/ 10 phr of mica(b)

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua
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Fig. 5. Variation of the glass transition temperature (T)
with the content of mica

The Ty depends on chain flexibility, intermolecular
atraction, steric effects, molecular weight and so forth.
When the chain flexibility of the polymer increases, Tgy
decreases [16]. In the present case, the values of Ty for the
TPU/mica composites show alinear (correlation coefficient
of 0.9939) decrease as higher amounts of mica are added.
As said earlier in this work, the hydroxyl groups placed on
the surface of mica are able to deve op interactions, through
hydrogen bonding, with the urethane groups which are
mostly dtuated in the hard segments phase. The
development of these interactions will cause the chains to
move apart from each other leaving larger free volumes for
the movements of the flexible segments, thus decreasing T,.

4. Conclusions

In this work, the incorporation of micainto TPU was
carried out in a mixing chamber s0 as to minimize
processing effects that could induce molecular organization
of any kind. In spite of this from the results of
processability, glass trandgtion temperature and tensle
modulus, small interactions between mica and the
polymeric matrix have been observed. The presence of
filler agglomerates, mainly at mica contents above 10 phr,
may be responsible for the reduction in the abrasion and
dress resigtances as these larger particles will prevent the
polymer to crystallize under stress.
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MMPUT'OTYBAHHSA KOMIIO3UTIB TITY/CJIIOJJA
B KPYTUWJIBHOMY PEOMETPI:
TEXHOJIOT'TYHICTb, MEXAHIYHI
BJIACTUBOCTI TA MOP®OJIOT'TA

Anomauin. Onucanuii npoyec ni020Mo6KU KOMRO3UMIE
mepmonnacmuynoeo nouiypemanosoco enacmomepy (TITY) 3 cmo-
0010, ma HageoeHi Maxi ix XapaKmepucmuru, sk MmexHoI02iYHICb,
Mexaniuni ma mennogi eracmueocmi i mopgonoais. Kinvkicme
000anoi cmoou smintosanacy 6i0 0 do 20 mac.uacm. Ilokasama
63a€MO0ist MidIC CI000I0 | NoNiMepHo0 Mampuyero. Bemanosneno,
w0 30IbUEHHSL KIIbKOCI CTIOOU CHPUSIE MEXHOIO2IYHOCI npoYecy,
ane npu YbOMy 3MEHULYEMbCS HANPYIHCEHHS KPUCATIZ08aAHOCI Ma
memnepamypa ckuysanns. Tlokasano, ujo Husbka eapmicme Minepanty
5K YKpinmoio 4oeo mamepiany Onsi mexniunozo nonimepy TITV €
Kpumepiem OYiHIO6aHH.

Knwuogi cnoea. mepmoniacmuunuii noniypemaHoguil enacmomep,
Cn00a, MexHON02IYHICMb, MEXAHIYHI &IACIUBOCTE, MOPPONO2IsL.



