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Abstract: Perlite is an amorphous volcanic glass-type rock which is collected in open mines in various
parts of the world. In this study, eight different perlite samples, supplied from the mines located in the
Bergama, Izmir region, were used. The perlite samples were structurally, morphologically, and
mineralogically characterized via a wide range of analytical techniques such as Thermogravimetric
Analysis (TGA), Fourier Transform Infrared Spectroscopy (FTIR), Brunauer-Emmett-Teller (BET)
Surface Area Analysis, Optical Microscopy, Scanning Electron Microscopy (SEM), X-ray Diffraction
(XRD), X-ray Fluorescence (XRF), and a liquid pycnometer. Platelet shaped-like structures were
observed in the SEM analysis of the expanded perlites in contrast to the images of spongy or cracked
expanded perlites reported in literature. The O-H bending and Si-O-Si vibrations (both asymmetric and
symmetric stretching) of perlite structures were confirmed by FTIR. Highly amorphous phases with a
rather low percentage of crystalline phases were observed by XRD. In the BET surface area analysis,
expanded perlite materials exhibited higher surface area compared to unexpanded ones. A detailed
characterization of perlite structures is essential as there is a significant potential to use these minerals
in various biocomposite applications and it is useful to explain structure-property relationships in this
class of materials.
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1. Introduction

Perlite is a type of volcanic rock, that generally contains more than 60% alumina and silica contents
(Barker et al., 2006; Giil, 2016; Haery, 2017). The name is derived from the word "perle", meaning pearl,
due to the observed pearl brightness when broken into small spheres. Perlite differs from other volcanic
glasses in that its volume expands 4-20 times of its original volume when heated quickly to 760-980 °C
(Torab-Mostaedi et al., 2010; Maxim et al., 2014; Giil, 2016), transforming crushed perlite into a highly
porous, low density, white form, named expanded perlite. Commonly, the term perlite is used for both
the raw and expanded form. Perlite has many industrial applications due to its low thermal conductivity
(Chen et al., 2020), high sound absorption and high thermal stability (Yilmazer and Ozdeniz, 2005),
chemical inertness (Papadopoulos et al., 2008), and stiffness (Haery, 2017). It is also used in soilless
agriculture because of its water retention property (Jamei et al., 2011). Small differences were observed
between perlites from the east and west regions of the Tiirkiye (Erdem et al., 2007). Although these
perlites look similar, mines could have differences in some aspects, as analysed with X-ray Fluorescence
(XREF). Despite its industrial importance worldwide (www.perlite.org, 2022), only a few studies (Kabra
et al., 2013; Celik et al., 2013) focused on the characterization of perlites.
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In this study, perlites, obtained from the mines operated in the Izmir Bergama region of Tiirkiye,
were selected and analyzed with many characterization techniques that had existed in literature (Kabra
et al., 2013; Celik et al., 2013).

In the present study, a methodologically comprehensive approach to describe eight different perlite
samples from the Bergama Izmir region, was used. In contrast to previously published studies, the
samples were analyzed using a wide range of analytical techniques to provide the most extensive
characterizations of perlite. Here we present data for numerous critical material-defining parameters,
including Liquid Pycnometry, Analysis (TGA), Fourier Transform Infrared (FTIR) Spectroscopy,
Brunauer-Emmett-Teller (BET) Surface Area Analysis, Optical Microscopy, Scanning Electron
Microscopy (SEM), X-ray Diffraction (XRD), and X-ray Fluorescence (XRF), enabling a direct
comparison between different samples as well as those reported in the literature.

The industrial importance of perlite is increasing. It is primarily used as a novel reinforcement and
filler material in polymer composites which acts as a sound absorption material in the automotive
industry (Dellock et al., 2020). In future research, the herein described perlite samples are planned to be
used to manufacture perlite reinforced polymeric biocomposites. As a basis for such developments, a
detailed and comprehensive material characterization is useful to explain the final material properties.

2. Materials and methods
2.1. Materials

Agricultural-expanded “a”, coarse-expanded “b”, fine-expanded “c”, M1-expanded “d”, M3-expanded
“e” trade named perlites were in expanded forms. Coarse-unexpanded “f”, fine-unexpanded “g”, and
micronized-unexpanded “h” are trade names for “pre-processed” perlites. Pre-processing, which is
crushing of perlites into smaller particles, occurs in a second factory after mine. Then, “f,gh” pre-
processed perlites are manufactured in third perlite expansion and processing factory. The grain sizes
of coarse, fine, and micronized unexpanded perlites range between 40 and 500 pm, 150 and 600 pm, up
to 150 um (this sample was pulverized), respectively. In this research, expanded perlites were
pulverized in the laboratory. As a result, this would help expanded perlites to be shaped to
platelet/flake form. The physical, chemical, morphological, and thermal analyses of eight perlite
samples were done after receiving from the manufacturer ‘Kale Perlit’ (www kaleperlit.com.tr, 2022).
Details for the characterization of perlite materials were provided in the Methods section.

2.2. Methods

Whole-rock geochemical composition was obtained using a Spectro IQ II X-ray fluorescence (XRF)
spectrometer in Iztech, Center for Materials Research,Urla, Izmir, Tiirkiye.

A Bruker D-8 Advance X-ray diffractometer was used to determine crystalline phase structure with
Cu Ka radiation (40 kV, 40 mA) with a 0.01973° step over the range 5°< 20 < 65°. The acquired
diffractograms were interpreted with the aid of “X'Pert HighScore Plus” software.

Microscopic observations of the perlite samples were performed using a Nikon Eclipse LV150
polarising microscope with bright field mode. It's metallography microscope that images with reflection
method were taken. Secondary electron images of gold coated samples were acquired using a PHILIPS
XL 30S FEG with an accelerating voltage of 10 kV.

XRD, Optical Microscopy, SEM tests were conducted in laboratories in the Department of Materials
Science and Engineering, Gebze Technical University, Gebze, Kocaeli, Tiirkiye.

The true density of powdered samples was measured with a 50 mL liquid pycnometer in Filinia R&D
Company Laboratory, Bornova, Izmir, Ttirkiye. Since perlite is a non-hydrolysed material, water was
used for the determination of their density.

The empty pycnometer with the capillary cap was dried at 25 °C and its weight was determined (A).
Next, one fourth of the pycnometer was filled with the sample and its weight was once again measured
(B). The pycnometer was subsequently slowly filled with water and shaken to ensure that no air bubbles
remained between the particles. It was then dried at 25 °C together with the capillary cap and weighed
(C). Finally, the pycnometer was emptied, dried at 25 °C, filled with water only, and its weight was
determined with the capillary cap closed (D).


http://www.kaleperlit.com.tr/

3 Physicochem. Probl. Miner. Process., 58(6), 2022, 155277

The true density, which was density of particles, was calculated using the formula given below

where pperite and puater are the density values of the perlite sample and water, respectively.
pperlite = (ﬁ) X Pwater (1)

To determine the true density using a liquid pycnometer, the perlite samples with a particle size
greater than 200 pm (a/Agricultural-expanded, b/Coarse-expanded, c/Fine-expanded, f/Coarse-
unexpanded and g/Fine-unexpanded) were first ground with a vibratory disc mill (Retsch RS200). The
similar liquid pycnometer methodology was previously used in the literature to measure particle
density of cocopeat perlite mixtures (Ilahi and Ahmad, 2017). For these perlites, the results were
obtained to be nearly constant.

The Brunauer-Emmet-Teller (BET) specific area of powdered perlite samples was measured using a
Gemini® VII2390a analyzer at 77 K, under liquid nitrogen in Institute of Energy Technologies, Gebze
Technical University, Gebze, Kocaeli, Tiirkiye. Before measurement, perlite samples were degassed
under vacuum, at 120 °C for 2 hours (Kabra et al., 2013).

A Perkin Elmer 100 spectrometer was used to measure bending vibrations, asymmetric stretching,
and symmetric stretching of bonds in perlite minerals. The Fourier-transformed infrared (FTIR) analysis
was performed with 32 scans in 4000-400 cm™ at a resolution of 1 cm™, with a diamond crystal universal
attenuated total reflectance (UATR) accessory in Laboratory in the Department of Chemistry, Gebze
Technical University, Gebze, Kocaeli, Ttirkiye.

Thermogravimetric analyses were performed on the perlite samples with use of a Q600-SDT thermal
analyses, TA Instruments in Izmir Katip Celebi University, Central Research Laboratories, Thermal
Analysis Laboratory, Cigli, Izmir, Tiirkiye. The temperature range of the test was between 30 and 1200
°C, and the heating rate was continuous 20 °C/min without intermediate step in nitrogen atmosphere
with a flow rate of 50 mL/min.

3. Results and discussion
3.1. XRF analysis

In this research, quantity-based definition instead of the style often encountered in literature that
highlights the origin of country, (Roulia et al., 2006; Kabra et al., 2013) was chosen. Convenient way for
defining perlite mineral could be expressing ranges of quantity of ingredients in XRF tests similar to
Nasrollahzadeh et al. work. Quantities was published in this paper by defining with the upper limit
and lower limit. It's thought that XRF analysis must be performed for every specified amount of material
in industry. The reason might be that even different perlite lodes in one mine might give different XRF
results. XRF is very useful for understanding the production of expanded perlite, where there are many
parameters such as exact origin of perlite mineral, chemical composition, which is directly related to
XREF, effective water content, and initial particle size distribution. These were explained in papers of
(Angelopoulos et al., 2013; Angelopoulos et al., 2014).

Content of "Fe" increased from "a" to "h" where “f, g, h” were pre-processed unexpanded perlites.
Content of SiO; was around 75% in Table 1 and 2. However, in Reka et al's study content of SiO, was
(72.48%), also FeoOs content was high (1.23%).

In tested samples of expanded perlites, the content of Na,O was around 3%, in "b" sample it was as
low as 2.52%. In unexpanded pre-processed perlites, in "f, g, h" samples, contents of Na>O were rather
different from expanded perlites, (1.36%), (1.50%) with the lowest values, in "h" sample content was the
highest where value is (4.52%). In the study of Reka et al. (Reka et al., 2019) study Na»O content was
(3.56%). In the study of Reka and Adi-Darmawan, Na»O content varied with lowest value at “1.87%”
and highest value at (4.68%).

In tested perlites, content of Fe>Os was the highest in "h" sample at “1.12%” value and was measured
not below (0.56%) in "e" sample.

In literature (Reka et al., 2019)'s study; content of FeoOs was high (1.23%), while in (Adi-Darmawan
et al., 2021)'s study content of Fe;O; was above the average of tested samples of expanded and
unexpanded/ pre-processed perlites.

Contents of KoO were around same values (4.12-4.81%) in both literature and tested samples. Among
all tested samples, lowest SiOz (73.69%) with highest Na>O (4.52%) content was observed in “h” perlite.
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AlO; content was lower in literature around (13%) and higher in tested samples with (15-16%).
The reason of these different percent ratios might be the different sources such as locations of mines and
lodes. In"b, ¢, h" perlites, quantity of weight percentage of TiO was close to zero - below detection limit.
This research's findings conformed to the research of (Roulia et. al., 2006) which proved that perlite
could be thought as negatively charged aluminosilicate network stabilized with various metal cations.
These findings will be discussed in next sections as XRD testing device does not detect minor contents
that consist of small amounts of crystals. As seen in Table 1 and 2, oxides of Si, Al, Na, K could be
detected.

Table 1. Chemical compositions of expanded and pre-processed perlites (weight % - powder method)

Content a B c d e f g h
SiO; 75.58 75.14 75.31 75.26 75.68 75.24 75.59 73.69
Al,Os 15.56 15.50 15.62 15.36 15.33 16.04 16.04 15.25
Fe;Os 0.58 0.72 0.59 0.65 0.56 0.72 0.81 1.12
TiO; 0.014 0-0.0008  0-0.0008  0.0049 0.096 0.016 0.189 0-0.00084
CaO 0.54 0.75 0.64 0.58 0.53 0.61 0.69 0.72
MgO 0.29 0.28 0.29 0.28 0.28 0.28 0.37 0.28
KO 412 4.81 4.25 4.27 4.01 4.44 4.46 412
NaxO 2.99 2.52 3.03 3.24 3.33 1.36 1.50 4.52
Other 0.326 0.28 0.27 0.355 0.184 1.294 0.521 0.3
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Table 2. Chemical compositions of perlite in Reka et al., 2019; Adi-Darmawan et al., 2021 (weight %)

Content Reka et al, 2019 Adi-Darmawan etal., Adi-Darmawan etal.,
2021; Perlite Rock 2021;
Expanded Perlite
SiO, 7248 76.49 74.33
ALO3 13.15 12.92 12.75
Fe,O3 1.23 0.93 0.95
TiO, 0.15 0.12 0.15
CaO 1.13 0.92 2.10
MgO 0.35 0.13 0.88
KO 4.21 452 414
Na,O 3.56 1.87 4.68
Other 3.74 2.1 0.02
Total 100.0 100.0 100.0

3.2. XRD analysis

The acquired XRD graphs for the pre-processed and expanded perlites, are given in Fig. 1. The variably
humped pattern between approximately 15 and 35 © 20 is assigned to the existence of amorphous
groundmass.

As seen in Fig. 1, perlite samples were mostly observed in amorphous phases. In addition, some
crystal phases were also observed. These crystal phases are symbolized as below:

Paragonite was abbreviated as "(P)" on graph, of which empirical formula is "NaAl2(AlSiz)O10(OH),".
Cristobalite was abbreviated as "(Cr)", of which empirical formula is "SiO»". Quartz was shortened as
"(Q)", which crystalline mineral is made up of "SiO.". Albite was abbreviated as "(A)". Albite's empirical
formula is "Na(AlSizOs)". Illite was symbolized as "(I)". One of its composition could be given by formula
KAly(SizAl)O20(OH)4,

As also stated in Materials section and Fig. 1, Agricultural-expanded “a”, coarse-expanded “b”, fine-
expanded “c”, M1-expanded “d”, M3-expanded “e” trade named perlites were in expanded forms.
Coarse-unexpanded “t”, fine-unexpanded “g”, and micronized-unexpanded “h” were trade names for
“pre-processed” perlites, which were products of crushed raw perlite from the mine.
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Fig. 1. XRD patterns of tested perlite samples. On upper right corner of each graph, type of perlite was explained
(P: Paragonite, Cr: Cristobalite, Q : Quartz, A: Albite, I: Illite)

In this research, XRD characterization results generates similar amorphous characterization results
that were confirmed with literature (Rostami-Vartooni et al., 2016; Xu et al., 2018; Saulfi et al., 2020; Bian
etal., 2021). It was observed that amorphous phase of expands of its original volume as explained in the
study of (Roulia et al., 2006).

In coarse-unexpanded trade named "f" perlite; after XRD test, material was amorphous with crystal
phases. It contained albite, illite, and quartz since it was coming from natural sources. Illite is potassium,
alumina, silica hydrate containing alkali clay mineral. Albite is sodium, alumina, silicate containing
feldspar phase. It's expected that these phases could exist in perlite.

Perlite is mainly amorphous material, and elements such as "potassium, sodium" fluxing agent
behaving alkali elements could be transformed to melting phase. These elements could turn into
amorphous phase depending on the cooling rate. Whether the perlite had little amorphous phase
depends on heat treatment conditions besides chemical composition (Roulia et al., 2006).
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In micronized-unexpanded trade named "h" perlite; no peaks were observed. This characterization
was related with exact location of mine, and the lode that perlite was coming from. It could be concluded
that all elements that were observed in XRF were in unordered network in amorphous phase.

3.3. Optical microscopy

In this research, optical microscopy provided an analysis for determining maximum particle size limits
of perlite samples of expanded and unexpanded perlites. This could be possible with 400 pm scale in
optical microscopy in Fig. 2. Particles with these size limits were visible in optical microscopy, and they
were not seen on SEM.

In "a/agricultural-expanded", "b/coarse-expanded", "c/fine-expanded" samples, fine powders were
observed because of pulverization in lab. In Fig. 2, "d/M1-expanded" perlite sample; 300-400 um size
particles were observed. "e/M3-expanded" perlite sample showed fine powders. "f/coarse-
unexpanded" and "g/fine-unexpanded" perlite samples were unexpanded and contained perlite
particles bigger than 400 pm. Size of particles were below 150 um were visible and agglomerated forms
were observed besides fine powders in Fig. 2- panel/sample "h/micronized-unexpanded" perlite.

Fig. 2. Optical microscopy images of perlite samples and types of perlites were explained in upper right corner of
each panel and materials section.

3.4. SEM observations

After observations had been obtained from optical microscopy for determining particle sizes and
shapes, we used SEM to investigate the morphology of perlite samples in more detail (Fig. 3). In
literature, this approach of optical microscopy to SEM analysis were also used (Palomar and Barluenga,
2018). Not-flake shaped perlites were observed in the pre-processed perlites f, g, and h.

While particles with a spongy and cracky shaped perlites were reported in several studies (Kaufhold
et al., 2014; Giil, 2016; Pavlik and Bisaha, 2018; Vysvafil et al., 2020), in this study flake-shaped perlites
were observed as pulverized expanded perlites a, b, ¢, d, e in geometry wise. After obtaining from mine,
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raw perlites were crushed to coarse, fine, and micronized form in second industrial facility where
perlites keep their unexpanded form. Then they were expanded by fast heating in a third expanded
perlite manufacturing factory (“Kaleperlit” for our samples), forming foamy or spongy expanded
perlites. Then walls that make up the expanded perlite foams could form flake-shaped particles or
perlite membranes by sieving in factory and pulverization in lab.

The reason of flake-shaped perlite geometries in the SEM images of the samples “a, b, ¢, d and e”
might be the processing conditions such as sieving in industrial manufacturing and pulverization that
were carried out in laboratory.

In ongoing research (unpublished), when these perlites were mixed with biopolymers to form
biocomposites; morphology, shape, true density, mechanical properties of perlite played major role in
determining the final properties these polymer biocomposites.

g Do WO | —
10008 BF, 82.-GTU
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Fig. 3. Secondary electron images from perlite samples at 1000x magnifications

3.5. Density

The true density was found to be in the range of 2.31-2.45 g/cm? for all samples except “d/M1-
expanded”, “e/M3-expanded” and “h/Micronized-unexpanded” perlites which were different (Table
3). The grinding was not performed for these samples before measuring true density. The reason was
that “d/M1l-expanded”, "e/M3-expanded”, and “h/Micronized-unexpanded” perlites were smaller
than 200 pm. Especially the density values of “d/M1-expanded” and “e/M3-expanded”, which had
different particle sizes, were lower than the others since these commercial perlites, were in the expanded
form. They contained voids, which are probably the main reason of the lower densities of “d/M1-
expanded” and “e/M3-expanded”.”h/Micronized-unexpanded” perlite was crushed in second stage
industrial facility as explained in previous sections that the “h/Micronized-unexpanded” material was
between 0 and 150 pm in size. Particle size range of “h/Micronized-unexpanded” was different from
particle sizes of pre-processed perlites as seen optical microscopy. This might be the reason of true
density differences of “h/Micronized-unexpanded” perlite and “f/Coarse-unexpanded”, “g/Fine-
unexpanded” perlites. In this research, true density was measured because these values were directly
used in micromechanical modelling for Young modulus prediction and manufacturing of polymer
biocomposites in on-going research.



8 Physicochem. Probl. Miner. Process., 58(6), 2022, 155277

Table 3. True density of perlites

Perlite Samples Density (g/cm3)
a/Agricultural-expanded 2.45
b/ Coarse-expanded 231
c/Fine-expanded 2.35
d/M1l-expanded 0.84
e/M3-expanded 1.34
f/Coarse-unexpanded 2.39
g/ Fine-unexpanded 2.44
h/Micronized-unexpanded 2.00

3.6. BET surface area analysis

BET analysis was used to determine the surface areas of the perlite samples, which were measured
between 1-3 m?/g (Table 4). The total surface area values of expanded perlites were reported as the
highest for samples “a” (2.99 m2/g) and “c” (2.65 m?/g). Except for ”d”, the total surface areas of the
expanded perlites were higher than those of the pre-processed perlites. Sample “d” had a lower surface
area because it had a lower density, so it had a lower mass per unit volume. Similar surface area values
for perlite samples were published in several previous studies (Bastani et al., 2006; Torab-Mostaedi et
al., 2010; Kabra et al., 2013). On the other hand, surface areas greater than 5 m?/g were also reported in
the literature due to different processing, physical conditions, and origin of mines as stated in studies
of (Srivastava et al., 2013; Wang et al., 2015; Bian et al., 2021; Adi-Darmawan et al., 2021).

Table 4. BET surface area values of perlites

Perlite Samples Total Surface Area (m2/g)

A 2.99
1.97
2.65
1.21
2.10
1.68
1.83
1.12

T O TH I AN ®

3.7. FTIR analysis

In FTIR analysis, qualitative analysis and for some in-depth studies quantitative analysis can be
conducted. In this work, qualitative analyses were carried out demonstrating the related bonds in perlite
materials showing the related bands from FTIR graphs.

FTIR spectra of all perlite samples showed absorption bands at 780, 1000 and 1628 cm-! (Fig. 4). The
peaks observed in the range 770 - 788 cm (Table 5) were a result of stretching vibrations of Si-O groups.
The band at approximately 1000 cm was due to stretching vibrations in the Si-O-M (M: Al or Si) groups.
It was observed that the Si-O symmetric and asymmetric stretching bands had approximate values, and
they were similar to those of previous studies (Cabuk et al, 2018; Bilgic and Bilgic, 2019). The
transmittance values of all expanded perlites and pre-processed “h” perlite at 780 and 1000 cm! were
similar and higher than the corresponding values for “f” and ”g”.

The peaks around 1628 cm (between 1600-1650 cm!) were attributed to bending vibrations of O-H
groups originating from water molecules (Cabuk et al., 2018; Bilgic and Bilgic, 2019; Reka et al., 2019;
Saufi et al., 2020). It was observed that expanded perlite “a” had a lower O-H band than other perlites
due to its lowest water content. The results of the FTIR analysis were in good agreement with previous
studies (Kabra et al., 2013; Edebali, 2015; Cabuk et al., 2018; Bilgi¢ and Bilgic, 2019; Reka et al., 2019;
Saufi et al., 2020).
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Fig. 4. FTIR spectra of expanded and pre-processed perlite samples
Table 5. FTIR results of perlites
Perlite Samples O-H bending vibration ~ Si-O-Si vibration Si-O-Si vibration
(asymmetric stretching)  (symmetric stretching)
A 1624.5 1018.6 783.3
B 1628.3 1020.6 784.9
C 1630.1 1004.4 786.2
D 1632 1009.3 788
E 1628.3 991.3 783.5
F 1628.3 1035.6 778.1
G 1628.3 1011.6 -
H 1628.3 1011.7 777.2
3.8. TGA

The TGA results of the five expanded and three unexpanded/pre-processed perlite samples examined
are shown in Fig. 5. It was observed that the weight losses of the expanded perlites were between 0.5-
2.5%, and the weight losses of pre-processed perlites “f, g, h” were between 2.5-5.0%.

In the first temperature range (0-250 °C), the weight losses were attributed to the removal of
moisture absorbed by the perlite surface breaking of H-bonds between water and silicate chains.
According to examinations, the weight losses in the range of approximately 250-500 °C indicated the
dehydroxylation of remaining chemically bonded water in the samples. Based on the TGA results, the
weight losses of expanded perlites occurred in the first temperature range, while the weight losses of
pre-processed perlites occurred in the second temperature ranges. This difference was probably related
to the expansion ability of perlite. As a result of this ability, weight losses were observed due to the
release of molecular water in the closed cell pores of raw perlites with the increase in temperature
during the test (Kabra et al., 2013; Giil, 2016; Cabuk et al., 2018; Reka et al., 2019).

Previous studies that performed thermogravimetric analysis of pre-processed perlites reported that
2-5% of the sample corresponded to the volatile content (Barker et al., 2006; Giil, 2016; Haery, 2017). In
this study, 4.81%, 2.76% and 3.62% of the samples belonged to the volatile content for “h”, "f”, and ”g”
perlites, respectively. The reasons for the weight loss in current samples could be loss of moisture and
also thermal decomposition according to a previous study of (Cabuk et al., 2018).

In Fig. 5, positive slopes were observed after 800 °C on the samples “b” and "¢”
be due to oxidation during the heating process.

. The reason might
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Fig. 5. TGA results of all perlite samples (94-100 wt%)

Table 6. Amount of volatile content on different types of expanded perlites

Expanded Perlite % Amount of Volatile Content
Samples

A 0.84

B 1.93

C 2.68

D 115

E 2.54

4. Conclusions

Various minerals are commonly used in polymers as additives and/or fillers. Perlite is found in large
quantities in Ttirkiye and among many rocks on earth, perlite is one of them having various application
areas including polymers as a potential new area. We characterized eight different perlite samples from
the Bergama Izmir region using a wide range of analytical techniques and compared the obtained
results in a very comprehensive way.

While XRF analysis revealed that the perlite minerals have similar chemical compositions, XRD
analysis showed that during expansion process crystals were transformed to amorphous structure. In
expanded perlites, highly amorphous, less crystal phases were observed with detailed results. Crystal
phases had better mechanical properties than amorphous phases. These results confirmed that
expanded perlite samples were soft type of perlites. The crystallinity change was also confirmed by BET
analysis showing that highly crystalline perlite minerals have lower surface area. In morphological
analysis, upper limits of particles are visible on optical microscopy and details of particles are seen with
SEM. In literature, foamy images of expanded perlites were seen. On the contrary, flake shaped
expanded perlites were observed in our samples which might prove the theory that flake shaped
expanded perlites could be new types of reinforcement materials for polymer biocomposites. In TGA,
it was concluded that weight loss was related to dehyroxylation of chemically bonded water and
burning of organic constituents.

Depending on the crystallinity, chemical composition, and morphology of perlite materials, three of
them were selected to be used in on-going biopolymer and biocomposite research to obtain sustainable
composites using perlite materials. In a previous conference proceeding, some preliminary results on
polylactic acid and perlite composites were demonstrated (Aksoy et al., 2021). With this in-depth
information on perlite characterization, in-depth research using these data on perlite materials will



11 Physicochem. Probl. Miner. Process., 58(6), 2022, 155277

enlighten the biopolymer research in the group. Furthermore, this study highlights these fundamental
properties to be used in not biopolymers but also in many different polymer composite systems.
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