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Abstract
This study presents the tribological behavior of epoxy matrix composites containing two different fillers. The composites 
contain fillers with different particle sizes (< 90 µm and in the range of 150–300 µm) and different wall tile to glass fiber 
waste ratios (55:5, 50:10 and 40:20). The total amount of filler was fixed to 60 wt% in all of the composites to reveal the 
effect of variations in filler content on properties. The physico-mechanical properties, such as bulk density, porosity, impact 
resistance, shore hardness, flexural strength and wear characteristics of developed materials were determined. Tribological 
tests were carried out by ball-on-disk configuration and rotational sliding at room temperature against 6-Co/WC ball with a 
diameter of 3 mm. 3N of constant test load was applied and the wear distance was kept as 400 m. The results showed that the 
steady-state coefficient of frictions was changed in the range 0.38–0.47 and the wear rate was obtained between 1.74 × 10−5 
and 1.09 × 10−4  mm3/Nm. When the coarser particle size filler was used, it resulted in worsening of the wear resistance. It 
can generally be concluded that the properties were improved with the increasing amount of wall tile addition, and also better 
properties were obtained in both types of filled composites compared to the epoxy matrix.
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Introduction

Polymer matrix composites serve several advantages such 
as combination of light weight, high specific modulus and 
strength, impact resistance, etc., over metal equivalents [1]. 
Hybrid composites are one of the class of composites which 
are made by either combining two or more different types of 
reinforcements or at least two different matrix types. They 
offer a range of properties that cannot be achieved with a 
single reinforcement [2]. Moreover, a balance in cost and 
performance can be achieved with hybrid composites.

More importantly, in terms of waste usage, which 
has become one of the most important issues in recent 
times, waste particles can be used as reinforcement/filler 
in hybrid polymer matrix composites [3, 4]. By this way, 

environmental pollution can be eliminated and the value-
added products can be produced. For example, a gigantic 
quantity of boron [5], marble [6], tile [7], glass fiber [8–10] 
waste, etc., is generated in Turkey, recently. Hence, nowa-
days, the studies on the reuse and regain of these kinds of 
waste materials for different applications have been started 
to become one of the most important topics of research. 
For example, ceramic wastes which obtained from tile pro-
duction have been started to use as additive for porcelain 
stoneware body mixture [7]. The utilization of boron wastes 
in ceramic and construction industries is one of the possible 
ways for the recycle of boron wastes. Karasahin and Terzi 
investigated the usage of marble wastes as a filler in the 
asphalt mixtures [6]. Kavas studied the usability of boron 
wastes as a fluxing agent in brick production [11]. Christ-
ogerou et al. investigated use of boron wastes in the produc-
tion of heavy clay ceramics [12]. Kavas and co-workers stud-
ied the formation of artificial light-weight aggregates from 
boron-containing wastes [13]. Özdemir and Öztürk exam-
ined utilization of clay wastes containing boron as cement 
additives [14]. Celik studied recycling of boron waste for 
the production of ceramic wall tile [15]. Ercenk and co-
workers studied the influence of boron waste addition on the 
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