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ABSTRACT

Pumice powder, with its porous structure and low density, is a metal support material in water
purification, catalysis manufacturing, and light construction materials. Acidic pumice has a
significant proportion of silica. In this study, it was aimed to increase the mechanical and
physical performances, as well as the reduction in the specific gravity and cost values, with the
addition of acidic pumice to the thermoplastic polyurethane (TPU) polymer, which is used in
various sectors such as textile, logistics, construction, and medical applications. Acidic pumice
powder was blended with TPU at 2.5, 5.0, 7.5, and 10.0 weight percentages via the melt blending
technique for this aim. In addition to mechanical testing such as tensile and hardness, thermal
gravimetric analysis, melt flow rate, and electron microscopy (SEM) characterization methods
were used on injection-molded composite samples. The structure of the pumice powder was
studied using SEM/energy diffraction X-rays. Results revealed that the inclusion of pumice
reduces the tensile strength and percent elongation values of TPU, but the composite sample
with 2.5% pumice produced virtually equal values to the reference polymer. The hardness of
the pumice increased with the loading rate. The low percentage of pumice reinforcement
improved TPU's thermal stability. The melt flow rate produced varying results at different
pumice ratios. As the morphological qualities were studied using electron microscopy, it was
determined that the pumice particles were homogeneously disseminated in the TPU phase when
reinforced at 2.5% and 5.0%. Based on these findings, TPU-based composites with the lowest
addition quantity of 2.5% pumice produced the best outcomes. The use of pumice-filled TPU
composites in automotive and construction applications can be established effectively thanks to
performance improvement in the properties of examined samples.
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1. Introduction

Porous and amorphous, pumice is a volcanic rock
containing SiOz in its structure. The precipitation of
dissolved gases forms its porous structure during the
cooling of lava as it moves rapidly in the air [1,2]. Turkiye
has approximately 3 billion m® reserves and has important
acidic pumice deposits around Nevsehir, Van, and Kayseri
regions [3,4]. Pumice powder is used to produce soap,
toothpaste, insulation plaster, detergent, and as a cheap
filling material in the plastic industry [5-7]. Pumice
containing building materials such as concrete, mortar,
fiber-board, phase-change, and catalysis-support materials
were developed [8-12]. In these cases, weight reduction is
the main strategy thanks to the characteristic microporous
morphology of the pumice structure.

Pumice was compounded with various polymers for
performance improvement of composite materials
corresponding to the literature survey. Polymer matrices
involving acidic pumice particles are epoxy resin [13-15],
polypropylene [16-18], polyethylene [19-21], polyethylene
terephthalate (PET) [22,23], poly (vinyl alcohol) [24,25],
polyethylene glycol (PEG) [26,27], poly (lactic acid) [28],
hydroxyapatite [29], poly (phenylene sulfide) [30-33], poly
(hydroxyethyl methacrylate) [34], polyaniline [35,36],
ethylene propylene diene rubber (EPDM) [37], poly (vinyl
pyrrolidone) [38], nitrile rubber [39], poly (B-
hydroxybutyrate) [40], and acrylonitrile-styrene-butadiene
copolymer (ABS) [41], based on the literature. In most of
these studies, the mechanical performances of resulted
polymeric materials were investigated. Additionally, phase-
change behavior, weight-reduction, thermal stability, fire
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and wear resistance properties were enhanced in related
research works.

Thermoplastic polyurethane (TPU) is preferred in industrial
applications due to its recyclability, ease of processing, and
high wear resistance. TPU has been used in several sectors,
such as film and packaging, textiles, pharmaceuticals, sports
equipment, transportation, electronics, and cables.

According to the literature, pumice additions improved
thermoset polyurethane's acoustic and thermal insulation
properties published by Soyaslan [42]. This study aimed to
increase mechanical and physical performances and decline
specific gravity and production costs via acidic pumice
inclusion to TPU polymer, which is used in various
application fields such as textile, logistics, construction, and
medical equipment. Performance enhancement in
mechanical and thermal behaviors of TPU via the pumice
inclusion contributes to achieving requirements in related
applications. In addition to mechanical tests, such as tensile
and hardness, force measurement, thermal gravimetric
analysis (TGA), melt flow rate, and scanning electron
microscope (SEM) characterization methods were applied
to the composite samples shaped by injection molding.

2. Materials and method

2.1.Materials

Ester-based TPU with the trade name Ravathane®
R130A85 was supplied by Ravago Petrochemical, izmir,
Tarkiye. Acidic pumice was supplied in ground powder
form in 25-micron grain size from Yoltas Pomza Uriinleri

technique. The preparation and shaping steps of the study
are visualized in Fig. 1.

2.3.Characterization techniques

The particle size of basic pumice powder was analyzed with
the Malvern Mastersizer 3000 particle size measuring
device. Tensile test was performed to determine the stress-
deformation behavior of the material. In this study,
according to the ASTM D-638 standard and with the Lloyd
LR 30 K tensile test device, using dog bone-shaped
composites with a 5 kN load chamber and a speed of 5
cm/min. Shore hardness measurements were carried out by
the Tronic brand Shore hardness device according to the 1ISO
7619-1 standard. The fracture surfaces of the composite
samples obtained from the tensile strength test were
subjected to TESCAN MAIAS3 analytical scanning electron
microscope, and SEM images were taken with x1000, x2500,
and x5000 magnifications. X-ray fluorescence (XRF) and
energy diffraction X-ray (EDS) analyses of pumice powders
were also performed using the same device. Hitachi STA
7300 brand thermogravimetric analyzer was utilized to
evaluate thermogravimetric analysis (TGA) of composites in
the range of 25-600 °C and at a speed of 10 °C/min. MFI
(melt flow index) values are indicative parameters for
thermoplastics in the case of processability. MFI values of
the produced samples were determined via the Coesfeld
Melt-Flixer device in accordance with a standard load of 2.16
kg. Xplore Instruments software was used to measure the
force values during the extrusion process. The screw force
values in the melt were determined using the software of the
micro-mixer as a function of the mixing time.

3. Results and Discussion

The elemental content of the supplied pumice powder was
obtained by EDS analysis and displayed in Fig. 2.

According to Fig. 2, it was observed that acidic pumice was
rich in silica (SiO2) with 63.9% composition. Other parts of
AP contained metal oxides, mainly Al,Os, Fe;O3, SO3, PbO,
Zn0, K0, and MnO.
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respectively. During the preparation of the composites,
acidic pumice powder was blended with TPU at 2.5, 5.0,
7.5, and 10.0 weight percent ratios using the melt blending

Figure 2. EDS data of AP
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Force measurement provides experimental data for planning
the production of the resulting composite materials before
the large-scale production stages. As seen from the
extrusion force of different mixing ratios of TPU and AP
against time in Fig. 3, it was found to be AP additions cause
an increase in the mixing force values due to the addition of
powder, which improves the wear force because of the
increased melt viscosity during the extrusion process.
Similarly, a high amount of mineral filler loadings resulted
in a remarkable increase in mixing force values in
accordance with the studies in the literature dealt with the
polymers involving minerals [43,44].
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Figure 3. Force-time graphs of TPU and composites

The following experimental study is the tensile strength test,
which is given as the graphs of tensile strength versus
elongation with different mixing ratios of TPU and AP in
Fig. 4. Although the tensile strength and percent elongation
values of TPU are slightly reduced with the addition of
acidic pumice, the composite containing 2.5% pumice
presents similar values to the reference polymer. As the AP
loading amount increases, the tensile strength and percent
elongation values at break declined. Further additions of AP
beyond the loading level of 2.5% caused pumice powder to
deteriorate the composite structure by forming
agglomeration. The highest tensile strength values were
obtained for composite samples filled with the lowest
amount of pumice powder based on the similar studies in
the literature.[16,19,28].
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Figure 4. Tensile test curves of TPU and composites

The chain structure of TPU elastomer involves repeating
soft and hard segments. The hard segment consists of
diamine reacted with low molecular weight glycols or
diisocyanate and strengthened by crosslinking. The soft
segment consists of polyester or polyether units. TPU
revealed a two-step degradation curve owing to isocyanate
and polyol segments, respectively [45,46]. As the TGA and
DTG curves of the composites are examined in Fig. 5, it was
determined that especially low-ratio pumice reinforcement
positively affected the thermal stability of TPU. Composites
containing AP started to decompose at lower temperatures,
and as the AP ratio increased, the decomposition
temperature tended to decrease. According to the research
works performed with pumice additive, several polymers
such as polypropylene (PP) [16], polylactide (PLA) [28],
and acrylonitrile-butadiene-styrene terpolymer (ABS) [41]
exhibited lowering in thermal degradation after AP
inclusions.
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Figure 5. Thermo-gravimetric curves of composites

Fig. 6 represents MFI graphs against mixing ratios of AP.
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Figure 6. MFI results of TPU and composites

According to Fig. 6, MFI values gave variable results at
different pumice ratios. The addition of AP caused an
increase in the MFI value of TPU due to high specific
gravity of the pumice. At low AP addition percentages,
closer MFI values were obtained to unfilled TPU. This
finding implies that the processing stages of TPU/AP
composites can take place with no serious problems since
technical difficulties in injection molding can be caused by
the high level of melt-flow rates such as warpage or flow-
lines as well as short-shot or delamination with high MFI
values.

Table 1. The Shore A hardness values of TPU and relevant

composites
Sample Hardness (Shore A)
TPU 85.0+0.1
TPU/ AP 2.5 85.4+0.1
TPU/ AP 5 85.7+0.2
TPU/ AP 7.5 86.1+0.1
TPU/ AP 10 86.5+0.1

Shore hardness parameters of TPU and TPU/AP composites
with varied filling amounts are listed in Table 1. Shore A
hardness value of unfilled TPU showed an increasing trend
with the increase in pumice loading ratio. Similar results
were obtained from the literature, which found that
incorporating pumice enhanced the shore hardness of
polymeric composites [41,47]. Improvement in shore
hardness values refers to the donation of scratch resistance
of composite material related to the indentation volume of
the polymer surface [48].
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Figure 7. SEM photographs of composites

As the scanning electron microscope micro-photographs
given in Fig. 7 are examined, it was determined that the
pumice particles are homogeneously distributed within the
TPU phase when their morphological structures were
reinforced at 2.5% and 5.0%. The homogeneous distribution
in the composite structure disappears at high AP loading
rates. As visualized in Fig. 7, the agglomerated morphology
of AP at high-loading amounts is the reason for obtaining a
reduction in the mechanical performance of TPU/ AP 7.5
and TPU/ AP 10 composite samples. The decline in
dispersion homogeneity was obtained for the morphology
of mineral-filled polymeric composites according to the
literature [15,20,23].

4. Conclusion

In addition to mechanical tests such as tensile and hardness,
force measurement, thermal gravimetric analysis, melt flow
rate, and electron microscope (SEM) characterization
methods were applied to composite samples prepared by
mixing acidic pumice powder with TPU using the melt
blending technique at 2.5, 5.0, 7.5 and 10.0 wt% ratios.
According to the results obtained, it was observed that the
tensile strength and percentage elongation values of TPU
increased with the addition of 2.5% AP, and these values
decreased slightly with higher AP reinforcements. The
shore hardness value increases with the pumice loading rate.
TPU's melt-flow index increases directly proportional to the
AP rate. According to TGA analysis, composites containing
AP start to decompose at low temperatures compared to
TPU. AP addition percentage negatively affects the thermal
stability of composites. As a result of SEM characterization,
pumice particles tend to exhibit homogeneous distribution
in the TPU phase at low AP concentrations. Based on the
findings, TPU-based composites containing the lowest
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addition rate of pumice exhibited optimum results. Acidic
pumice can potentially reduce costs while maintaining the
performance of TPU-based composites in the case of low
filling ratios. Results revealed that pumice can be used as an
effective additive for TPU-based composite materials since
mechanical and thermal performance increased.
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