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Abstract

In this study, density, Shore D hardness, activation energy, and thermal conductivity coefficients of colemanite, ulexite, and tincal
reinforced epoxy composites have been investigated. The components taken in the boron factory were ground to -100/200 mesh particle
size and dried in an oven at 105 °C for 2 hours and prepared as a filler. Composite materials have been obtained by adding fillers in
different proportions by mass into the epoxy resin. Shore D hardness, activation energy, and thermal conductivity coefficient of the
obtained composites increased with fillers. The thermophysical properties of the composite varied according to the unique structures of
colemanite, ulexite, and tincal ore. For example, these fillers can be used by using economical methods to improve the properties of the
produced composite according to the intended use. According to the results obtained, boron factory components increased the density,
Shore D hardness, thermal conductivity coefficient, and thermal stability of the epoxy composite. It has been understood that colemanite,
ulexite, and tincal ores are effective in increasing the thermophysical properties of the epoxy composite, respectively.

Keywords: Epoxy composite, Colemanite, Ulexite, Tincal, Thermophysical properties.

Bor Fabrikasi Bilesenlerinin Epoksi Kompozitin
Termofiziksel Ozelliklerine Etkisi

Oz

Bu caligmada, kolemanit, iileksit ve tinkal takviyeli epoksi kompozitlerin yogunluk, Shore D sertligi, aktivasyon enerjisi ve 1sil iletkenlik
katsayilar1 incelenmistir. Bor fabrikasinda alinan bilegenler -100/200 mesh partikiil boyutuna 6giitiilmiis ve 105 °C'de 2 saat etiivde
kurutulmus ve dolgu olarak hazirlanmistir. Epoksi reginesine kiitlece farkli oranlarda dolgu maddeleri eklenerek kompozit malzemeler
elde edilmistir. Elde edilen kompozitlerin Shore D sertligi, aktivasyon enerjisi ve 1s1l iletkenlik katsayilar1 dolgu maddeleri ile artmustir.
Kompozitin termofiziksel 6zellikleri kolemanit, iileksit ve tinkal cevherinin benzersiz yapilaria gére degisiklik gdstermistir. Ornegin
bu dolgu maddeleri, iiretilen kompozitin 6zelliklerini kullanim amacina gore gelistirmek icin ekonomik yontemler kullanilarak
kullanilabilir. Elde edilen sonuglara gore, bor fabrikast bilesenleri epoksi kompozitin yogunlugunu, Shore D sertligini, 1s1l iletkenlik
katsayisin1 ve 1s1l kararliligini arttirmistir. Epoksi kompozitin termofiziksel 6zelliklerini arttirmada sirastyla kolemanit, iileksit ve tinkal
cevherlerinin etkili oldugu anlagilmistir.

Anahtar Kelimeler: Epoksi kompozit, Kolemanit, Uleksit, Tinkal, Termofiziksel 6zellikler.
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1. Introduction

The endless combinations of composites formed by polymers
with various materials have significant advantages over other
materials. While conventional materials have stable properties,
composites can gain important properties according to the added
additives and fillers. These combinations can give the polymer
material properties suitable for all seasons. In addition, their
longevity and not being affected by microorganisms further
increase the variety of usage areas. Although pure polymers have
important properties, new properties are still needed due to
advancing technology and increasing needs. In this case, new
composite materials formed by adding additives and fillers to
polymer materials are helpful. In particular, both the shapes and
sizes of additives and fillers also give new features. The size of
additives and fillers, from nanostructures to microstructures,
becomes important depending on the area used. The areas used
have a wide range from the clinic to the pharmaceutical industry,
from air technologies to the informatics industry [1].

Matrix, filler, and additive materials play an important role in
the formation of composites. The selection of the matrix
according to the area to be used and the strengthening or
improvement of its properties in the desired direction with
contributions is realized with knowledge and experience. The
materials commonly used as the matrix in polymer composites are
thermoset (epoxies, phenolics) or thermoplastic (polycarbonate,
polyvinylchloride, nylon, acrylics) and kevlar, etc [2-3]. This is
caused by the superior properties that epoxy resins have in having
a wide range of uses. These superior properties can be said to be
excellent temperature resistance, mechanical and chemical
stability, curing ability, and low cost [4].

In general, different types of synthetic fibers such as glass,
carbon, and aramid fiber were previously used as reinforcing
elements in the production of polymer materials. However, today,
due to the development of technology and meeting increasing
needs, a wide range of reinforcement materials are used, ranging
from inorganic additives to various wastes. In the literature, it is
seen that the physical properties of composites are affected by the
change in the shape and amount of inorganic additives. It has been
found that as the proportions of inorganic additives in the
composite increase, the matrix ratio decreases, and accordingly,
properties such as thermal expansion coefficient, polymerization
shrinkage, durability, and water absorption are affected in
different ways [5-17]. In addition, it is a matter of curiosity how
the density and porosity change according to the area to be used.
Ulexite, colemanite, and tincal which are the most abundant ores
in our country and are rich sources of boron in the world are
among the strategic minerals. The boron, sodium, and calcium
elements they contain have given these minerals different
properties. Various studies are underway to take advantage of
these features. In addition to increasing the usage areas of these
minerals, it is important to discover their superior properties.
When these minerals are examined in the literature, it is seen that
they have neutron-absorbing properties, extend the life of the
material, and improve the flaming point properties. In addition,
some studies have shown that thermo-mechanical properties are
improved [18-21]. In this context, the properties of the composite
formed by the addition of these minerals in different sizes to
epoxy polymer matrices are curious.

In this study, boron factory components have been used to
improve the properties of composites obtained with epoxy resin.
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Industrially important inorganic reinforcements such as
colemanite, ulexite, and tincal can improve some thermophysical
properties of composites. The improvement of some mechanical
and thermal properties of epoxy composites makes their usage
areas widespread. The physical properties of the polymer
composite obtained by adding ulexite, colemanite, and tincal to
epoxy resin in different grain sizes have been investigate.

2. Material and Method

Epoxy A and Epoxy B components were purchased from ADS
Kimya Company (Turkey). Boron plant components used in this
study were supplied from Eti Maden (Eskischir Kirka Boron)
factory. Colemanite with a density of 2.4 g/cm?, 2.0 g/cm? ulexite,
and 1.7 g/cm? tincal were used as filler. These fillers were ground
in the particle size range of 74 to 149 microns and dried in an oven
at 105 °C for 2 hours. Composite materials were produced by
reinforcing epoxy resin at the rates of 1.96 wt.%, 4.76 wt.%, 6.54
wt.%, 9.09 wt.%, and 13.04 wt.%. In the prepared mixture, epoxy
A and the filler were mixed until homogenized (approximately 5
minutes at a mixing speed of 750 rpm). Then, epoxy B was added
to the mixture in a certain amount and mixed at 1000 rpm for 2
minutes, and poured into standard molds. After waiting for 24
hours in suitable conditions for curing, necessary tests and
analyses were carried out [22-26].

In Table 1, the composition of each filler separately in the
mixture is expressed to produce an epoxy composite

Table 1. Experimental working plan

Epoxy A(g) Epoxy B (g) Fillers (g)
6.7 3.3 0.0
6.7 3.3 0.2
6.7 3.3 0.5
6.7 3.3 0.7
6.7 3.3 1.0
6.7 3.3 1.5

Figure 1 shows the method followed to produce epoxy
composite in experimental studies. Here, it is very important to
mix the filler homogeneously and add the additives and fillers to
the mixture respectively.

1000 rpm
2 min mixing

Curing time (1 day)

Figure 1. Experiment system for epoxy composite preparation

3. Results and Discussion

According to the results obtained in the experimental studies,
the effect of colemanite on the density of the epoxy composite is
given in Figure 2. As the mass ratio of the filler increased, the
density of the epoxy composite also raised. It is seen that ulexite
in Figure 3 and tincal ore in Figure 4 increase the density of the
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epoxy composite. Colemanite, ulexite, and tincal reinforcements
from large to small are effective in the density of the composite.
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Figure 2. The effect of percent colemanite on the density of
the composite
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Figure 3. Variation of the density of composite with ulexite
ratio by mass
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by mass
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Shore D hardness of epoxy composites is compared in Figure
5. Colemanite increased the hardness of the composite the most
and tincal ore the least. Curing time is also an important parameter
when determining thermophysical properties. Especially before
the Shore D hardness test, the obtained composite matrix must be
cured sufficiently.

80.5

80.0 —a— Colemanite (wt.%)
—e— Ulexite (wt.%)
—4— Tincal (wt.%)

~

©

3
L

~

©

o
L

78.5

Shore D Hardness

-

®

o
L

77.5

77.0

T T T T
6 8 10 12

Fillers (wt.%)

o
N
|

Figure 5. Variation of the hardness of composites with ratios
(wt. %) of fillers

The thermal conductivity coefficients of the composites
produced are shown in Figure 6. Boron factory components
increased the thermal conductivity of epoxy composites. In
particular, as expressed in the graph, the thermal conductivity
effect of colemanite, ulexite, and tincal ores from large to small is
understood.
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Figure 6. Variation of thermal conductivity of composites with
ratios (wt.%) of fillers

4. Conclusions and Recommendations

In this study, it can be said that boron factory components can
form a structure compatible with epoxy composite. However, at
high rates (9 wt.%), deterioration can be seen on the composite
surfaces. It can be said that the composite matrix creates a more
regular structure, especially when used below this ratio.
Production of epoxy composite with desired density, hardness,
and thermal conductivity according to its intended use can be
achieved with fillers. In addition, the activation energies of the
epoxy composites obtained at the rate of 9 % by mass were
compared according to the Coats-Redfern method. The highest
correlation coefficient (R>>0.985) was obtained with the diffusion
control (Crank) function. The activation energies of the
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composites were found to be colemanite (129.5 kJ/mol), ulexite
(126.7 kJ/mol), and tincal (125.3 kJ/mol). The activation energy
of the pure epoxy resin was calculated as (115.8 kJ/mol).
According to the results obtained, colemanite increased the
thermal stability of the composite the most and tincal ore the least
[27-30].
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