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In this paper, it was targeted to the enhance thermal stability and wettability behavior of thermoplastic
polyurethane (TPU) by adding barium metaborate. TPU-Barium metaborate composites were prepared
by adding various proportions of barium metaborate to TPU. The chemical structures of the composites
were characterised by fourier transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD)
analysis. All prepared composites have extremely high Tg and thermal stability as determined from
DSC and TGA analysis. All composite materials have the Tg ranging from 15 to 35 °C. The surface
morphologies of the composites were investigated by a scanning electron microscopy. Mechanical
properties of the samples were characterized with stress-strain test. Hydrophobicity of the samples was
determined by the contact angle measurements. The obtained results proved that thermal, hydrophobic

and mechanical properties were improved.
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1.Introduction

Thermoplastic polyurethane (TPU) is a multi-phase block
copolymer that is created when three basic raw materials
are combined together in a specific way.! Polyurethanes are
among the most significant class of polymers. Polyurethanes
are regarded linear segmented polymers because they are
constituted of alternating sequences of “hard” and “soft”
segments that phase separate into polymer chains.? Polyols
give the high flexibility to the backbone of the polymer
chains. Thus they are called soft segments. Conversely,
isocyanete and chain-extender components give rigidity to
the polymer chains and are called hard segments.>*

Thermoplastic polyurethane (TPU) has many excellent
properties including high strength , high elongation to break
and good abrasion resistance. It has many applications such
as automotive instrument panels, power tools, sporting goods,
medical devices, footwear, inflatable rafts and a variety of
extruded film, sheet and profile applications. TPU is also
a popular material found in mobile electronic devices.>”’

Polymer composites combine and maintain multiphase to
produced by combining polymer resins such as polyurethanes,
epoxy, with fillers and fibers to produce a bulk polymer
material with improved mechanical, chemical and thermal
properties relative to the parent materials is a rapidly expanding
field. In some of the polymeric composites, inorganic fillers
are dispersed in a polymer matrix resulting in tremendous
improvement in the performance of the polymer. Fillers
are often used to provide bulk to the material, reduce cost,
lower bulk density or to produce aesthetic features. Fibres
are used to reinforce the polymer and improve mechanical
properties such as stiffness and strength.%1°

*e-mail: smadakbas@marmara.edu.tr

Thus, in recent years, in order to improve several properties
of thermoplastic polyurethane (TPU) and preparation of
(TPU) composites have become of great very important.
Multiwalled carbon nanotubes,'' aramid-short-fiber,'? kenaf
fibre,"® nanosilicate,'* graphene,'” nano-sized hexagonal boron
nitride'® and mica'” are only a small part of the inorganic
additives used in thermoplastic polyurethane composites.

Barium borate is an inorganic compound, a borate of
barium with a chemical formula BaB,0,.H,O or Ba(BO,),.
H,O. Itis available as a hydrate or dehydrated form, as white
powder or colourless crystals. It is used as an additive to paints
as flame retardant, mold inhibitor, and corrosion inhibitor.
It is also used as a white pigment. Barium metaborate is a
microbiocide/microbiostat used as an industrial preservative
in the manufacturing process of paints, paper/paper products,
industrial adhesives and coatings.'®

In this study is concerned with the preparation of
TPU-Barium metaborate composites and to investigate
the thermal and mechanical properties of these composite
materials. The chemical structures of the composite
materials were investigated by Fourier transform infrared
spectroscopy (FTIR). X-ray diffraction (XRD) analyses of
the composite materials were carried out. Thermal properties
of the composites were determined by thermogravimetric
analysis (TGA) and differential scanning calorimetry (DSC).
Mechanical properties of the samples were characterized
with stress-strain test. Hydrophobicity of the samples was
determined by the contact angle measurements. The surface
morphologies of the composite materials were investigated
by scanning electron microscopy (SEM).
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2.Materials and Methods

2.1. Materials

TPU used in the study was a Adipate Ester Polyurethane
(LARIPUR® LPR6325), kindly donated by local supplier.
Barium metaborate monohydrate was purchased from Alfa
Aesar. Chemical formulas of barium metaborate monohydrate is
as follows: Ba(BO,),.H,O. Dimethylformamide was purchased
from Merck and it was used as a solvent. All chemicals were
high grade reagents and were used as they were received.

2.2. Preparation of composite materials

TPU-Barium metaborate composites were prepared by
using a solvent casting technique. First, TPU was dissolved
in dimethylformamide at 80 °C. Then different amounts of
barium metaborate were added to the dimethylformamide
solution and stirred to homogenization. After 4h period
hot solutions were poured in Petri dishes. Samples were
then dried in vacuum at 60 °C for 24 h. Composites were
obtained as white and transparent films. Table 1 shows the
composition of the films.

2.3. Measurements

FT-IR spectrum was measured on Perkin-Elmer Spectrum
100 ATR-FTIR spectrophotometer. The conditions of analysis
were as follows: resolution 8 cm™ and a frequency range
0f 4004000 cm™'. XRD analysis were carried out by using
a Rigaku Dmax 2200 model diffractometer using CuKa
(A=1.5406 A°) radiation. The diffraction pattern was recorded
in terms of 20 in the range of 0-70°.Thermogravimetric
analyses (TGA) of the composite materials were performed
using a Perkin-Elmer Thermogravimetric Analyzer Pyris
1 TGA model. Samples were run from 30 to 750 °C with
heating rate of 10 °C/min under nitrogen atmosphere. DSC
measurements were performed by using Pyris Diamond
DSC. Samples were run from -30 to 100 °C with a heating
rate of 10 °C/min. Mechanical properties of the composites
were determined by standard tensile stress-strain tests to
measure the modulus (E), ultimate tensile strength (8)
and elongation at break (g). Standard tensile stress-strain
experiments were performed at room temperature on a
Materials Testing Machine Z010/TN2S, using a crosshead
speed of 2 mm/min. Standard of ASTM D3039 was used in
the testing of mechanical properties of composites. The test
specimen size was 60 x10 x1 mm. Wettability characteristics
of composites were performed on Kruss (Easy Drop DSA-2)
tensiometer. A sessile drop method was used to measure a
contact angle (0) with a 3-5 pl distilled water drop, which was

Table 1. The composition of the TPU-Barium metaborate composites.
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applied to the surface by a pipette. The image of the liquid
drop was captured by a video camera and then transferred to
a computer screen.SEM imaging of the films were performed
with Philips XL30 ESEM-FEG/EDAX. The specimens were
prepared for SEM by freeze fracturing in liquid nitrogen and
applying a gold coating before SEM analysis.

3. Results and Discussion

3.1. FT-IR spectroscopy of the composites

Figure 1 shows the FTIR spectra of pure TPU and
TPU/ Barium metaborate composites. The thermoplastic
polyurethane FTIR absorption bands at around 3325 cm!
(-N-H stretching), 1525 cm™ (-N-H deformation), and
1730 cm™! (-C=0) indicated the urethane structure. In addition,
the peaks at 2917 cm™ and 2959 cm™ in the spectra can
be attributed to the asymmetric and symmetric stretching
vibrations of -CH bonds.!®

3.2. XRD analysis of the composites

X-ray diffraction (XRD) traces for the TPU/ Barium
metaborate composites are presented in Figure 2. It was
previously determined that the characteristic XRD peak of
thermoplastic polyurethane was at 26=21"."° The characteristic
XRD peak of barium metaborate 26=23°-24°2 XRD patterns
of all the composite samples showed sharp peaks that barium
metaborate particles were dispersed homogenously and they
were buried inside the polymer matrix.

3.3. Thermal properties of the composites

Polymeric materials properties such as thermal stability
and glass transition temperature (Tg) are very important
parameters for the composite materials applications. The glass
transition temperatures (7' g) of the composites listed in
Table 2 were determined by differential scanning calorimetry
(DSC). The T g’s of thermoplastic polyurethane (F0) is -1°C.
All composites had T, greater than -1 °C. The T, of these
composites are significantly (15-35°C) higher than that of its
thermoplastic polyurethane (F0) (Table 2). This situation can
be attributed to the loss of mobility of the polymer chains due
to the decrease in the free volume of the composites.'* DSC
results show that the addition of barium metaborate caused
the T .y values of the composites to increase. For example, F1
has a T, of 15 °C, while F4 has a T, 0f 36.9 °C. The glass
transition temperatures of the composites were found to be
25.3°C and 32.6°C for F2 and F3, respectively.

The thermal stabilities of composites were determined
using TGA in a nitrogen atmosphere at a heating rate of

Table 2. Thermal characteristics of the TPU/ Barium metaborate
composites.

Barium Barium -

Sample DMF (ml) TPU (g) Metz;;)rate Met;;(;rate Sample T%so °C) Chi;:/jf)leld Tg ¢C)
FO 10 3 - 0 FO 368 1.7 -1.0
F1 10 3 0.03 1 F1 366 5.0 15.0
F2 10 3 0.09 3 F2 357 15.6 25.3
F3 10 3 0.15 5 F3 358 18.8 32.6
F4 10 3 0.21 7 F4 375 22.9 36.9
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Figure 1. ATR-FTIR spectra of TPU and TPU/Barium metaborate composites.
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Figure 2. XRD patterns of the TPU/ Barium metaborate composites.
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10 °C/min in Figure 3. Table 2 presents different weight loss
temperatures of the composites. The char yields of the FO, F1,
F2, F3 and F4 are found to be 1.7, 5.0, 15.6, 18.8 and 22.9,
respectively. The higher the barium metaborate content in
the composites, the more char residue is observed. Results
of the TGA measurements indicated that the presence of
the barium metaborate content clearly results in excellent
thermal stability at high temperatures. Barium metaborate
decomposed endothermically and released non-combustible

Table 3. Mechanical characteristics of the TPU/ Barium metaborate
composites.

Strength at  Elongation at
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gas; barium metaborate has great potential to act as fire
retardant fillers in polymer materials.®

3.4. Mechanical properties of the composites

The mechanical properties of TPU and TPU/Barium
metaborate composite films with the barium metaborate
contents of 1, 3, 5, and 7 wt % are depicted in Table 3.
The mechanical properties of TPU composites was first
increased (F1, F2, F3) with the addition barium metaborate.
But as the barium metaborate percentage increased (F4) in the
formulations, an decrease in the mechanical properties was
observed and this situation is attributed to the agglomeration
of the barium metaborate.

Modulus . .
Sample break break 3.5. Surface properties of the composites
P2 (MPa) %)
0
FO 30.9 122 12.6 The surface properties of the composites were
F1 334 13.7 19.5 investigated by water contact angle measurements. Each
F2 52.1 17.1 23.1 contact angle value is given in Figure 4 which represents
F3 589 234 269 an average of 5 readings. FO has a contact angle of 71°.
F4 47.8 203 249 Contact angles changed as 77°, 81°, 83° and 85° for F1,
0
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Figure 3. TGA curves of TPU/Barium metaborate composites with different barium metaborate content at nitrogen atmosphere.
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F2, F3 and F4, respectively. The contact angle values
of the composites increased with increasing amount of
barium metaborate.

3.6. Morphology of the composites

The morphology of composites was observed by
scanning electron microscopy (SEM).Figure Sa-g presents
SEM images of the fractured surface of (a) FO (5000x),
(b) FO (10000x), (c) F1 (20000x), (d) F1 (50000x), (¢) F4
(350x), (f) F4 (2000x) and (g) F4 (50000x), respectively.
As it can be seen in Fig. Sa-b, pure TPU film has a smooth,
homogeneous surface. In Figure 5c-d it can be observed that
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Figure 4. Contact angle values of the TPU/ Barium metaborate
composites.
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barium metaborate particles are homogenously dispersed
throughout the TPU matrix. According to micrographs it
can be clearly seen that the barium metaborate particle
diameters look almost same. This result can be attributed
to the fact that the composites showed a good interaction
interface between the barium metaborate particles and
the TPU polymer. As it is shown in Figure Se-f-g the
combination of smaller particles leads to the formation
of larger aggregates that is caused by the increase in
particle number.

4.Conclusions

In this study, our aim was to prepare thermoplastic
polyurethane (TPU) composite materials with improved
thermal stability. Thermal analysis was clearly demonstrated
that the composites of TPU/ barium metaborate have better
thermal stability than pure TPU. It was observed that, as
the amount of barium metaborate was increased in the
composites, the thermal stability increased. The glass
transition temperatures of the composites were increased
with the addition of barium metaborate, and it could be
attributed due to the decrease in the segmental motion of
the polymer chains. SEM micrographs showed that barium
metaborate particles were dispersed homogeneously in
thermoplastic polyurethane. We reach the conclusion
that barium metaborate has a great potential to act as fire
retardant fillers in polymer materials.

Figure 5. SEM micrographs of the TPU/ Barium metaborate composites: (a) FO (5000x), (b) FO (10000x), (c) F1 (20000x), (d) F1 (50000x),

(e) F4 (350x), () F4 (2000x) and (g) F4 (50000x).
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