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Abstract

In recent years, ecological pollution has reached critical levels and that has been experienced as climate change by all living organisms.
Slowing down the negative effects of climate change depends on changing our consumption behavior. Based on that, people tend to
prefer more environmentally friendly, sustainable raw materials, products, and processes. Since polymers are one of the most widely
used raw materials in the world, any improvement regarding their recycling or biodegradation process can significantly reduce the
damage to nature. Considering this fact, manufacturers are taking initiatives to develop such products in line with the demand from
consumers. As is known, poly(lactic acid) (PLA) is one of the most consumed biodegradable polymers in the market; however, there
are various problems especially in film production, due to its rigid structure. Plasticization is the easiest route to minimize this
disadvantage. The aim of this study is to produce and characterize PLA composites with increased flexibility by using sustainable
natural materials. In this context, glycerol-plasticized PLA and unplasticized PLA composites were prepared using perlite, a natural
additive, and their morphological, thermal, and mechanical properties were investigated.
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Introduction flexibility. To enhance the flexibility of PLA,

plasticization is the most widely used method in recent
The world’s ecosystem consists of many living and non- years (Al-Mulla et al., 2010; Carpintero et al., 2022;
living components. These components interact because Grigale, 2010; Halasz and Csoka, 2013; Kantee and

they are directly or indirectly connected and/or dependent Kajorncheappunngam, 2017; D. Li etal., 2018; Ljungberg
on each other, and the balance of the ecosystem depends and Wesslén, 2005; Martino et al., 2009; Xu and Qu,
on their continuity. The concept of sustainability, which 2009; YousefniaPasha et al., 2021; Yuan et al., 2016).

fundamentally arises from the need to ensure the Plasticization is one of the common techniques in polymer
ecosystem'’s continuity, can be defined as the optimal use processing used for various purposes, including lowering
of existing resources and opportunities without waste, so the glass transition temperature (Ty) of the polymers,
as not to disrupt the ecological balance and to pass them making the process easier, increasing the flexibility of the
on to future generations in sufficient quantity. In this final product. Environmental concerns have led to various
context, the balance of production, consumption, and requirements and restrictions on materials. From that
economy, along with the sustainable transference of perspective, plasticizers that are renewable, sustainable,
natural resources to future generations, should be ensured and biodegradable at the end of their lifecycle have
by considering social equity. recently become promising materials (Arrieta, 2021;

Immergut and Mark, 1965; D. Li et al., 2018; Ljungberg
The first step in developing sustainable products within and Wesslén, 2005; Sears, 1982; A. Wypych, 2017; G.

the scope of polymer materials engineering is ensuring the Wypych, 2017).

sustainability of the materials. The primary aim of this

study is to develop sustainable composite materials. These Perlite (Pe) is a glassy, aluminosilicate dominant volcanic
sustainable materials can be either natural or synthetic, as mineral that can expand when exposed to heat due to its
long as they are made from sustainable raw materials. water retaining capacity. It is available in both virgin and
Poly(lactic acid) (PLA) is one of the most widely used expanded forms. Expanded perlite is used for various
biopolymers in the world, thanks to its ease of production purposes, ranging from construction to horticulture, due
and its ability to be tailored with tunable properties. PLA to its chemical composition, inertness to many chemicals,
is used in a wide range of applications, from 3D-printing low density, and thermal stability. The water content

and injection molding to barrier coatings, as well as fiber changes from 2 to 5 wt.% (Aksoy et al., 2022; Dogan and
and film production. Despite these advantages, PLA is a Alkan, 2004; Kabra et al., 2013; Maxim et al., 2014).
rigid polymer with low elongation at break and limited Perlite can also be used as a filler for polymer composites.
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When examining Pe/PLA composites, we find that there
are very few studies available. In one of these studies,
Pe/PLA composites were prepared through in-situ
polymerization (Egri, 2019). In the study direct
condensation polymerization of PLA was carried out
using perlite and lactic acid. The amount of perlite used
ranged from 0.4% to 1.2% by weight, with the aim of
enhancing the thermal stability of PLA. Morphological,
thermal and structural properties were analyzed. Addition
of Pe into the polymerization medium resulted in higher
molecular weight and degree of crystallinity.
Additionally, perlite led to an increase in thermal stability,
which was assumed to result from a higher molecular
weight and a higher degree of crystallinity due to
improved chain orientation (Egri, 2019). In another study,
Pe/PLA composites were prepared by solution casting and
melt processing, and their performance was compared
with montmorillonite filled PLA composites. Type and
concentration of the filler were found to be significant in
some cases such as Ty, morphology and mechanical
properties. It was also reported that mixing was found to
affect morphological and thermal properties. Dynamic
mechanical properties such as loss and storage modulus
were reported to increase by the addition of perlite and
montmorillonite. Although detailed characterization was

Table 1. Sample codes and contents.

performed thermal degradation behavior of the
composites were not investigated (Tian and Tagaya,
2007). As can be seen from the existing literature, the
properties of perlite-containing composites prepared with
plasticized PLA (pPLA) and unplasticized PLA have not
been investigated before. In this study, Pe/PLA, Pe/pPLA
composites were prepared, and their morphological,
structural, thermal, and mechanical properties were
investigated. PLA polymer used in the study is derived
from corn, a sustainable agricultural product. Perlite (Pe)
is a mineral extracted from the ground, while glycerol,
which can be produced through biological processes, is
biodegradable and available in food-grade purity.

Materials and Methods

PLA (Luminy LX175) and perlite were kindly supplied
by Total Corbion and Genper Expanded Perlite Industry
Business Co. respectively. Chloroform and glycerol were
purchased from Merck-Millipore. All chemicals were
used as received without any purification. The particle
size distribution histogram and light microscope images
of perlite can be seen from Fig. 1. The average particle
size of perlite was 33.6 pm.

Sample Codes PLA (wt.%) Glycerol (wt.%) Perlite (wt.%)
PLA 100 - -
pPLA 90 10 -
5Pe/95PLA 95 - 5
10Pe/90PLA 90 - 10
15Pe/85PLA 85 - 15
20Pe/80PLA 80 - 20
5Pe/95pPLA 85.5 9.5 5
10Pe/90pPLA 81 9 10
15Pe/85pPLA 76.5 8.5 15
20Pe/80pPLA 72 8 20
280

240

- N
N O
o o

Frequency (#)
g B

E
o

0
0 10 20 30 40 50 60 70 80 90 100110

Particle Size (pm)
Fig. 1. Particle size distribution histogram of perlite (inset: optical microscope images of perlite at different
magnifications. Scale bars are 100, 50 and 10 um, respectively)
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Preparation of Pe/PLA and Pe/pPLA composites:

PLA and perlite were dried in a vacuum oven (Wisd,
WOV-20) at 80°C for 12 h to remove the residual
moisture. Chloroform was the solvent and 10 wt.% of
PLA containing stock solution was prepared at room
temperature by a magnetic stirrer (Daihan MSH 20 D, 450
rpm) overnight. Two sets of samples were prepared: PLA-
based samples and pPLA-based samples. In both groups,
the ratio of perlite was 0%, 5%, 10%, 15%, and 20% by
weight. Sample codes and contents of the samples are
listed in Table 1.

The preparation steps of the composites are illustrated in
Fig.2. PLA composites were prepared by one-step mixing
process, combining the PLA/chloroform solution and
perlite using a high shear mixer (KuraboMazerustar
KK250, 1600 rpm) for 90 seconds. The samples were cast
into the Petri dishes and dried at room temperature for one
day in a closed chamber under vacuum. The next day,
samples were further dried in an oven (Wisd, WOV-20)
at 45°C for 15 h. To achieve a homogeneous film
morphology, the cast films were compression molded
between Teflon-coated plates at 200°C for 60 sec under 3
MPa pressure and cooled to 25°C for 2 minutes. For the
pPLA composites, glycerol was added into the PLA
solution and mixed for 30 min. using a magnetic stirrer
(Daihan MSH 20 D, 450 rpm). The ratio of was 10 wt.%
glycerol in PLA-glycerol mixture. The subsequent steps
were performed in the same manner as for the PLA
composites.

Morphological Analysis:

An optical microscope (AmScope 40X-2500X LED) was
used to determine the average particle size of perlite. The
composite morphology was analyzed using a field
emission scanning electron microscopy (FESEM) at 30
kV (JEOL JSM-6400). Composites were cryofractured in
liquid nitrogen and then sputter-coated with a 3-6 nm
layer of Au/Pd alloy for cross-sectional investigation.

Fourier Transform Infrared Spectroscopy (FTIR):
Attenuated total internal reflectance (ATR mode)
spectroscopy was performed for structural analysis of the
samples (Perkin Elmer, Spectrum 100 IR spectrometer).
Spectra were recorded in the transmittance mode between
400 and 4000 cm™!, spectral resolution of 4 cm™ at a scan
rate of 4 scans.

Thermogravimetric Analysis (TGA):

In order to determine thermal degradation behavior of the
samples, TGA analysis was carried out (Seiko, TG/DTA
6300) between 25 and 600°C. Temperature rate was 10°C
min~!under 200 ml min'* N flow rate.

Differential Scanning Calorimetry (DSC):

DSC analysis was performed under N, atmosphere with
heating/cooling rate of 10°C min? from -70 to 200°C
(Perkin Elmer Diamond).

Mechanical Characterization:

Mechanical properties of PLA and pPLA-based samples
were determined using a universal mechanical testing
system (Devotrans, DVT GPU/RD) with the test speed of
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50 mm mint. Samples were cut by a blade (width x length
->5 mm x 15 mm). Before the test, thickness of the
samples was measured using digital thickness meter
(Asimeto).
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Fig. 2. Sample preparation route.

Results
Morphological Analysis

FESEM images of PLA, 5Pe/PLA, 20Pe/80PLA, pPLA,
5Pe/95pPLA, 20Pe/80pPLA, can be seen from Fig. 3a to
3f, respectively. Samples were analyzed by considering
the cross-sectional micromorphology in terms of melting,
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plasticization, filler-matrix interaction, geometry,
distribution, and orientation of the filler. As mentioned in
the method, films were prepared at 200°C. That was
determined based on the film formation of 20Pe/80PLA,
the sample with the highest Pe content without any
plasticizer. As known, plasticizers lower the Ty and T,
which results in reduced processing temperatures.
Although PLA, 5Pe/95PLA, pPLA and 5Pe/95pPLA,
20Pe/80pPLA could be processed around 190-195°C,
higher temperature was required for 20Pe/80PLA due to
its higher inorganic solid Pe content. Fig. 3a shows the
virgin PLA, where complete melting is evident at 200°C.
Fig. 3b and 3c display the 5Pe95/PLA and 20Pe/80PLA
composites, respectively. In both images, Pe particles can
be seen clearly. At higher filler concentration,
agglomerations of Pe particles are visible in Fig. 3c. In
Fig. 3d, the pPLA shows numerous voids, likely resulting
from phase separation and the vaporization of glycerol
(Almazrouei et al., 2017, 2022; Dou et al., 2009; Halloran
et al., 2022), as explained in the TGA analysis section. In
Fig. 3e (5Pe/95pPLA), Pe particles showed random
orientation throughout the cross-section of the composite
with good dispersion. In Fig. 3f (20Pe/80pPLA), the
agglomerations of Pe can be due to higher Pe content. The
number of wvoids can be given as PpPLA
>5Pe/95pPLA>20Pe/80pPLA. This behavior was likely
caused by the composition and thermal stability of the
composites. Since pPLA had the highest amount of
glycerol, it experienced greater phase separation and
vaporization. On the other hand, for Pe-filled pPLA,
glycerol amount is lower than pPLA, resulting in reduced
phase separation and vaporization.

Fourier Transform Infrared Spectroscopy (FTIR)

Fig. 4 shows FTIR spectra of all samples. From Fig. 4b,
the plastization effect on PLA by glycerol can be seen in
detail. The peaks observed at 955, 866, and 754 cm™
correspond to stretching vibrations of C-C and C-H
bonds. The peaks observed at 1128, 1081, and 1043 cm*
are attributed to the deformation vibrations of C-O bonds
in CH-O groups within PLA. The peaks detected at 1268
and 1181 cm! are a result of stretching vibrations in C-C
bonds and symmetric stretching vibrations in C-O-C
bonds within ester groups present in PLA. The peaks
observed at 1383, 1365, and 1360 cm™ correspond to -
CH- deformation, stretching vibrations of methyl groups'
C-H bonds, and bending vibrations of -CHj3 bonds. The
vibration of -CH3 bonds' deformation is detected at 1455
cm, while stretching vibrations of -C-H bonds are
identified at 2996 and 2946 cm™.

Additionally, the peak at 1748 cm™ is attributed to
stretching vibrations of the carbonyl group's -C=0 bonds
(Ekiz et al., 2022; Muller et al., 2017; Pop et al., 2019).
The spectrum of pPLA is primarily characterized by a
broad band at 3300 cm?, indicating the stretching
vibration modes of -OH groups associated with glycerol
and adsorbed water (Cetin et al., 2022). The presence of
interactions between PLA and the plasticizer can be
detected through shifts in specific bands: from 1748 to
1749 cm, 1181 to 1182 cm?, 1128 to 1126 cm™?, 1081 to
1082 cm?, and 2946 to 2944 cm™. These changes in the
absorption bands may show how PLA and the plasticizers
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interact and are miscible (Chieng, Ibrahim, Then, et al.,
2014).

-~

FESEM images of

a) PLA, b) 5Pe/95PLA, ©)
20Pe/80PLA, d) pPLA, €) 5Pe/95pPLA, f) 20Pe/80pPLA

Fig. 3.

Fig. 4c shows FTIR spectra of perlite powder in the range
of 450 — 2000 cmL. Three major peaks around 783, 1020,
and 1624 cm are associated with characteristic peaks of
perlite. The peak at 1624 cm™ is assigned to bending
vibration () of absorbed molecular water in perlite.
Asymmetric stretching vibrations (vas) of Si-O-Si is
observed at 1020 cm. Symmetric stretching vibrations
(vs) of Si-O-M (M: Al or Si) is also observed at 783 cm™™.
At lower wavenumbers (such as 732 and 567 cm™),
characteristic peaks of glass, quartz and feldspar are
observed. The distinct peak at 443 cm™ is attributed to
silicates in perlite (Aksoy et al., 2022; Egri, 2019; Jing et
al., 2011; Kaufhold et al., 2014; Sodeyama et al., 1999;
Szostak and Thomas, 1986). As seen from Fig. 4d, the
peaks observed in both pPLA and 20Pe/80pPLA
composites are nearly identical to those of pure PLA. This
suggests that there are no new bonds formed or significant
chemical interactions occurring within the blend or
composites (Chieng, Ibrahim, Yunus, et al., 2014).

Thermogravimetric Analysis (TGA)

Thermal degradation behavior of the perlite, PLA,
5Pe/95PLA, 20Pe/80PLA, 5Pe/95pPLA, 20Pe/80pPLA
between 25 and 600°C can be seen in Fig. 5 a-c. PLA
showed a wide characteristic plateau and one-step thermal
degradation started after 300°C and it showed an
accelerating, degradation after 340°C with a Tmax value
around 366°C as previously reported (Ekiz et al., 2022).

The residual ash content of PLA was 0.35 wt.%. On the
other hand, pPLA showed two-step thermal degradation
caused by degradation behavior of glycerol (Almazrouei
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et al., 2017; Dou et al., 2009; Maizatul et al., 2013). As
previously reported by Dou et al., most of the weight loss
was observed in the range between 150 and 280°C and the
ratio was around 95 wt.%.
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_ S VL
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Fig. 4. FTIR spectra of a) all samples, b) PLA and pPLA
films, c) perlite powder, and d) pPLA and 20Pe/80pPLA
composite films.

400

The residual ash content was determined around 2 wt.%
in the case of further heating (Almazrouei et al., 2017;
Dou et al., 2009). As given in Table 1 glycerol content of
pPLA was 10 wt.% and the weight loss was 5 and 10 wt.%
at 150 and 270°C respectively that was parallel with the
previous findings. The residual ash content was
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approximately 2.5 wt% for pPLA, where the
PLA/glycerol ratio was 0.35/2.15. This result is also in
good agreement with the literature (Dou et al., 2009). As
obvious from Fig 5b and c, perlite did not show thermal
degradation between 25 and 600°C due to its chemical
composition in which SiO; is the dominant phase. It
showed a wide plateau with the Tmax value around 216°C
with the weight loss around 3 wt.% at this temperature and
the total weight loss of 6wt.% at 600°C. As reported in the
literature, while the weight loss at the initial temperature
range between 20-250°C was associated with the removal
of moisture trapped on the perlite surface; the reduction in
weight between 250-500°C was indication of chemically
bound water (Aksoy et al., 2022). PLA and Pe/PLA
composites showed almost similar thermal degradation
behavior.
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Fig. 5. TGA graphs of a) PLA and pPLA, b) Pe and
Pe/PLA composites, ¢) Pe and Pe/pPLA composites.

However, as shown in the inset of Fig. 5b, the composites
exhibited relatively higher weight loss compared to PLA.
This was likely due to the removal of water from the
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perlite as explained previously. The ash contents of PLA,
5Pe/95PLA and 20Pe/80PLA were determined as
respectively 0.35, 6.9, 19.7 wt.% at 600°C. Although
pPLA and Pe/pPLA composites showed two-step
degradation profile, the composites showed relatively
higher weight loss compared to pPLA. This was likely due
to the synergistic interaction of glycerol and water present
in perlite.

As given in Table 1, the glycerol contents of pPLA,
5Pe/95pPLA and 20Pe/80pPLA were as 10, 9.5, and 8
wt.%, respectively. The weight loss at 270°C for perlite,
pPLA, 5Pe/95pPLA and 20Pe/80pPLA as 4.2, 10, 13.7
and 11.8 wt.%, respectively. As can be seen, Pe/PLA
composites showed higher weight loss due to the
degradation of glycerol and the removal of water in
perlite. Since 20Pe/80pPLA had a lower glycerol content
compared to 5Pe/95pPLA, the weight loss was slightly
higher for 5Pe/95pPLA. The ash contents of pPLA,
5Pe/95pPLA and 20Pe/80pPLA at 600°C were
determined as respectively 2.5, 5.6, and 18 wt.%,
respectively. To increase the thermal stability of the
Pe/PLA composites, the water content must be
considered, and calculations should be performed
accordingly.

Differential Scanning Calorimetry (DSC)

The thermal behavior of PLA, pPLA, 20Pe/80PLA, and
20Pe/80pPLA films as a function of temperature is
presented in Fig. 6. The thermal parameters, including
glass transition temperature (T,), cold crystallization
temperature (Tcc), cold crystallization enthalpy (AHc),
melting temperature (Tm), melting enthalpy (AHm) values
of the samples, and crystallinity of PLA (XpLa) Were
determined from the extracted data in Fig. 6 and given in
Table 2. Since the 1% heating and cooling was carried out
for creating similar thermal history to all samples, the
discussion was given based on 2" heating of all samples.
Tecand T were obtained from the peak value of cold
crystallization exotherm and melting endotherm,
respectively. The degree of crystallinity values for neat
PLA and pPLA composites were calculated from the
following formula:

(AHm

_AHCC)*
(AHS, W) 100

XPLA(%) =
where AHn’and ware melting enthalpy of 100%
crystalline PLA, and weight fraction of PLA in the
composite, respectively. According to literature, AH,° of
PLA was assumed to be 93 J g* (Ferri et al., 2017).

PLA is a semi-crystalline polymer and T, cold
crystallization exotherm, melting endotherm peaks were
observed and neat PLA exhibited a glass transition
temperature (Tq) of 57.11°C. The cold crystallization
occurred between 100 and 125°C and the T was
measured as 112.78°C from the maximum value of cold
crystallization exotherm peak. The melting occurred
between 135 and 155°C and a single Tr, was measured as
148.16°C from the peak of melting endotherm which is
parallel with the previous studies (Velghe et al., 2023;
Zhai et al., 2009). Xp_a value for PLA was calculated as
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4.34%. In the case of pPLA films, Tq, and T were
decreased to 53.93 and 105.4°C with the incorporation of
plasticizer. The cold crystallization occurred between 90
and 120°C. As previously described by Li and Huneault,
cold crystallization occurred with lower energy content as
a result of increased chain mobility brought on by the
plasticization effect, which results in lower cold
crystallization temperatures (H. Li and Huneault, 2007).
As seen from Fig. 6a, two distinct melting peaks were
observed as 141.37 and 148.72°C, respectively. This
phenomenon might be related to two different kinds of
PLA crystals with different lamellae thicknesses (Di
Lorenzo and Androsch, 2019; Fortunati et al., 2012; Su et
al., 2009).

a)

Heat Flow (W/qg)

100 150

0 50 200
Temperature (°C)
__)_,,_.—4—-" 20Pe/80pPLA
- 49.5°C
=)
‘§ :
= /—z——-—f-—-"—"’ 20Pe/S80PLA
g . 59.2°C
i —
pPLA
© 53.9°C
o 5
T ——
57.1°C
20 30 40 50 60 70 80 90

Temperature (°C)

Fig. 6. a) DSC thermograms of PLA, p-PLA, 20per-PLA,
and 20per-p-PLA films between 0 and 200°C. b) Detailed
view of glass transition temperature in the range of 20 -
90°C.

For 20Pe/80PLA composite, Ty, and Te values were
increased to 59.19 and 116.59°C, respectively. Also, a
distinct melting peak was observed at 148.79°C. As seen
from Table 2 and Fig. 6, 20Pe/80PLA composite
exhibited a more pronounced increase in crystallinity due
to incorporation of perlite into composite. Perlite could
effectively serve as cold crystallization nucleation sites
(Chen etal., 2015; Papageorgiou et al., 2014; Tarani et al.,
2021).

Interestingly, Tq, Tce Tm1, and T values of 20Pe/80pPLA
composite decreased to 49.53, 100.97, 136.98, and
145.41°C, which are lower than neat PLA. In parallel with
the literature, crystallinity of 20Pe/80pPLA composite
increased from 5.57% to 9.93%, and it was also observed
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that the second melting peak became more pronounced
with the addition of plasticizer (Gumus et al., 2012a). This
might be related to the synergistic effect of the filler and

plasticizer to increase the segmental movement of PLA
macromolecules by providing higher chain mobility and
free volume (Chen et al., 2015; Gumus et al., 2012b).

Table 2. Thermal parameters of PLA, p-PLA, 20per-PLA and 20per-p-PLAfilms from DSC data @2™ run

Sample Code T, (°C) Te. (°C) AHc. (J/g) Tm (°C) AH, (J/g) Xpra (%)
PLA 57.11 112.78 27.33 148.16 31.37 4.34
pPLA 53.93 105.40 34.76 ijé;g 31.86 3.12
20Pe/80PLA 59.19 116.59 20.21 148.79 24.36 5.57
20Pe/80pPLA 49.53 100.97 24.88 14312491? 31.54 9.93

Table 3. Mechanical properties of samples

Sample Code Tensile Strength (MPa) Tensile Strain (%)
PLA 41.72 7.09
pPLA 37.51 8.01
5Pe/95PLA 30.00 4.72
10Pe/90PLA 30.27 5.27
15Pe/85PLA 31.22 5.11
20Pe/80PLA 34.56 6.91
5Pe/95pPLA 23.81 7.87
10Pe/90pPLA 20.47 7.69
15Pe/85pPLA 22.61 10.74
20Pe/80pPLA N.A. N.A.

Mechanical Characterization

Mechanical analysis results of the samples can be seen in
Table 3. The tensile strength/tensile strain of PLA and
pPLA were measured as 41.72/7.09, 37.51/8.01 MPa/%,
respectively. As can be seen from these outcomes, tensile
strength decreased and elongation at break increased with
the addition of plasticizer. Glycerol behaved like the
plasticizer by increasing the free volume and chain
mobility. As a result of these, flexibility of the pPLA and
elongation at break increased (Halloran et al., 2022;
Immergut and Mark, 1965; Jacobsen and Fritz, 1999;
Maiza, 2015; Mousa et al., 2022; Sears, 1982; A.
Wypych, 2017; G. Wypych, 2017).

The tensile strength/tensile strain of PLA, 5Pe/95PLA,
10Pe/90PLA and 15Pe/85PLA samples were measured as
41.72/7.09, 30/4.72, 30.27/5.27 and 31.22/5.11 MPa/%,
respectively. The tensile strength and elongation at break
for composites decreased compared to PLA. A decrease
of 25-30% in tensile strength was observed with the
addition of perlite. That was assumed to be due to
insufficient interaction between matrix and filler. As
shown in FESEM images, perlite agglomerations formed
at higher concentrations, and these agglomerates created
weak points in the composite. These agglomerates
disrupted the continuity of the polymer matrix in the
composite, leading to a decrease in tensile strength. The
tensile strength/tensile strain of pPLA, 5Pe/95pPLA,
10Pe/90pPLA and 15Pe/85pPLA were 37.51/8.01,
23.81/7.87, 20.47/7.69 and 22.61/10.74 MPa/%,
respectively. The tensile strength of the specimens
decreased while the elongation at break values increased
compared to the unplasticized samples. For the 20 wt.%
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Pe filled samples, repeatable measurements could not be
performed due to high level of perlite agglomeration.

Discussion and Conclusion

The aim of this study was to prepare composites
consisting of sustainable, biodegradable materials that
serve as environmentally friendly alternatives. In this
context, two different sets of samples were prepared. The
first group consisted of perlite-filled PLA composites,
which were made using a combination of solution casting
and compression molding techniques. In the second set,
PLA was plasticized with glycerol, and perlite-filled
pPLA composites were prepared using the same method
as for the PLA composites. Morphological, chemical,
thermal, and mechanical characterizations were
performed. The morphological analysis showed that
homogeneous PLA and pPLA films were obtained.
However, phase separation and volatilization of glycerol
were observed in the pPLA-based samples. Pe was found
to exhibit homogeneous dispersion at low filler
concentrations, while agglomerations were observed at
higher Pe concentrations. FTIR analysis indicated that the
chemical structure of PLA was altered by plasticization
with glycerol, and the incorporation of perlite led to the
formation of characteristic perlite peaks in the composite
spectra. TGA analysis revealed that plasticization of PLA
resulted in lower thermal stability due to a reduction in
molecular weight. Additionally, perlite did not
significantly contribute to the thermal stability in either
group, likely due to its water content.

When the mechanical properties were examined, the
tensile strength of PLA decreased after plasticization, on
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the other hand elongation at break and flexibility
increased because of increased mobility within the
macromolecular chains. Similarly, the tensile strength of
Pe/pPLA composites showed lower mechanical strength
compared to Pe/PLA composites due to plasticizing effect
of glycerol. Since developing materials within the scope
of sustainable engineering is becoming increasingly
important, future work will focus on extending the study
with different types of plasticizers.
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