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Abstract
Polyester-glass composites are widely used in many industries, in various types of constructions, including
dynamically loaded ones. This article examines the influence of the content of a glass-polyester recycled additive on the strength properties of layered composites. The recyclate was polyester-glass waste, which was
pre-crushed and then milled into the appropriate fractions. Manual laminating technology was used to make
the materials. The composite materials were made with a waste content of 0%, 10%, 20% and granulations of
≥ 1.2 mm and ≥ 3 mm. Samples for testing were prepared in accordance with the PN-EN ISO 179-1: 2010E
standard (Plastics – Charpy Impact Assessment – Part 1: Non-instrumental impact test). Impact tests of the
samples were performed using the Charpy method with the Zwick Roell RKP450 swinging hammer. The test
results showed that the addition of polyester-glass recyclate, its content %, and its granulation size, have an
impact on the composite resistance to loads in dynamic tests.

Introduction
Polyester-glass composites are often used in
structures exposed to dynamic loads. These loads
are characterized by a wide range of energy and
impact velocities. The use of composite material in
the design of light aircraft, gliders, cars, wind turbine blades (Królikowski, 2012) gives them high
specific strength and modulus of elasticity values
(Hyla, 1989). These constructions are exposed to
impacts such as hail, stones, sea waves or gusts of
air. Knowledge of the properties of resistance to
dynamic loads (such as impact strength) is a very
important issue in their widespread use in industry
(Barcikowski & Królikowski, 2013).
Polyester-glass composites as a separate group of
materials are not without flaws, including high sensitivity to impact loads. These loads, even if they do
not lead to the formation of scrap, can result in the
formation of post-stranded micro-voids in the material, which leads to a decrease in the strength of the
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composite. As a result of dynamic loads, the values
characterizing the static strength and the kinetics of
the destruction process can change in the material.
It is therefore of major importance, in the design
and operation of responsible engineering structures, to know the influence of laminate construction
elements on behavior in a situation of impact load
(Hylla & Lizurek, 2002).
The development of technologies related to polymer composites (Gucma et al., 2015; Gawdzińska
et al., 2017) reinforced with fibers includes the possibility of applying waste materials (Rutecka, Śleziona & Myalski, 2004; Rutecka et al., 2005). The
condition for the re-use of composite raw materials
is how they were processed previously and the form
of the processed materials determines their final use
(Habaj, 2008). There are many methods for recovering ceramic fibers from waste, which can then be
used as full-value components (Asokan, Osmani
& Price, 2009), replacing part of the reinforcement phase in new composites with waste material
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(Kowalska, Wielgosz & Bartczak, 2002; Pickering,
2016). Continuous progress in the recycling of composite materials (Bignozzi, Saccani & Sandrolini,
2000), which in the past were considered unsuitable
for re-use, encourages the search for new, more complete methods of waste management (Jastrzębska,
2011; Jastrzębska & Jurczak, 2011; Błędzki, Gorący
& Urbaniak, 2012).
This article examines how the content of the
glass-polyester recyclate additive effects the properties of layered composites. The recyclate was a polyester-glass waste, which was pre-crushed and then
milled into the appropriate fractions. A manual laminating technology was used to make the materials.
Composite materials were made with a waste content of 0%, 10%, 20% at granulations of ≥ 1.2 mm
and ≥ 3 mm. Samples for testing were prepared in
accordance with the standard PN-EN ISO 179-1:
2010E (Plastics – Charpy Impact Assessment – Part
1: Non-instrumental impact test). Impact tests of the
samples were performed using the Charpy method
with the Zwick Roell RKP450 swinging hammer.
The test results showed that the addition of polyester-glass recyclate, its content %, and its granulation
size, has an impact on the composite resistance to
loads in dynamic tests. An increase in the content
% of polyester-glass decay results in a decrease in
the impact properties of the samples. This article is
a continuation of research on the strength of laminated composites with polyester and glass recyclates
(Panasiuk & Hajdukiewicz, 2017; Kyzioł, Panasiuk
& Hajdukiewicz, 2018; Panasiuk, 2018).

Polimal 1094-AWTP resin (Kyzioł, Panasiuk & Hajdukiewicz, 2018).
Samples for testing (Figure 1) were prepared in
accordance with the PN-EN ISO 179-1: 2010E standard (Plastics – Charpy Impact Assessment – Part 1:
Non-instrumental impact test), using the water-cutting method.

Figure 1. Charpy impact test specimens

Methodology of research

Methodology of preparation of test samples

The tests used dynamic three-point bending of
notched specimens. For this purpose, a Charpy-type
swinging hammer, RKP 450 by Zwick Roell (Figure 2), was used. Thanks to the additional instrumentation, this allowed us not only to determine impact

A fragment of polyester-glass scrap was obtained
from original composite material from a marine hull
manufactured in Poland in the 1980s. The scrap was
pre-crushed with a hammer and then crumbled on
a specially prepared station for processing plastic
waste (the “crusher”). After crushing, the waste was
sieved through sieves with eye diameters of 1.2 mm
and 3 mm to obtain a recyclate, which was added
as a filler to the matrix of the composite (Panasiuk
& Hajdukiewicz, 2017).
In order to make composite panels with the addition of polyester and glass recyclate content of 10%
and 20% and granulations of ≥ 1.2 mm and ≥ 3 mm
using the manual laminating method, a mat with
an accidental fiber direction was used as the reinforcement. The advantage of using this type of reinforcement is the comparable strength properties in
all directions of the mat’s surface. The basis was

Figure 2. Swinging hammer, model RKP450 from Zwick
Roell
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strength but also changes in bending force and its
accompanying deformations, in very short time
intervals (Hylla & Lizurek, 2002). Figure 2 shows
the sample placed in the holder before testing. Figure 3 shows part of the samples after dynamic threepoint bending tests.

In the case of composite materials with a 20%
content of waste, there is a noticeable impact resistance of ΔU ~ 63% in relation to the material without its addition. Different recyclate granulations
(≥ 1.2 mm, ≥ 3.0 mm) for composites with 20%
wastage content show a greater difference than in
materials with 10% additives.
Figure 5 shows the effect of the recycled additive content % and the granulations on the (averaged) energy [J] necessary for the destruction of the
notched specimens.
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Figure 5. The effect of recyclate content % and granulation
on energy (W)

Figure 3. Samples after Charpy impact test

Results of research
Figure 4 shows the impact of the content of the
recycled additive and its fractions on (averaged)
impact resistance (resistance to dynamic loads of the
tested materials).
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Figure 4. Impact of recyclate content % and granulation on
impact resistance [J/cm2]

Based on the histograms in Figure 4, it can be
seen that using 10% recycled content in the composite reduces the impact resistance by ΔU ~ 30%. The
applied waste granulation (≥ 1.2 mm, ≥ 3.0 mm) has
little effect on the impact strength of the material
with a 10% recyclate addition.
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By analyzing the impact of recycled content %
and granulation on work (W), it can be concluded
that the work necessary to destroy samples with 10%
recyclate content, as opposed to samples without
recyclate, decreases by about ΔW ~ 22%. The granulation of the waste (≥ 1.2 mm, ≥ 3.0 mm) alone has
little effect on changing the work needed to destroy
the samples. In the case of composite materials with
20% recyclate content, the work necessary to destroy
the sample with ΔW ~ 66% in relation to the material
without its addition is noticeable. In this case, the
granulation of waste is more important than for samples with 10% recyclate content.
From the plot of how the recycled additive % and
granulation influences force (Fmax), corresponding to
the material reaching the largest possible load, it can
be concluded that the maximum strength for a composite with 10% recyclate content, as opposed to
samples without recyclate, decreases by ΔF ~ 14%.
The granulation of waste (≥ 1.2 mm, ≥ 3.0 mm)
alone has little effect on changing the maximum
destructive force. In the case of composite materials
with 20% recyclate content, it is noticeable to reduce
the maximum force necessary to destroy the sample
by ΔF ~ 47% in relation to the maximum destructive force of the material without added waste. The
recycling of recyclate is important in this case, as
illustrated in Figure 6.
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4. The effect of granulation of the used waste, i.e.
≥ 1.2 mm and ≥ 3.0 mm added to the composite,
has little effect on the resistance of such materials
to dynamic loads in the impact test.
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Figure 6. The effect of recyclate % and sieve on force (Fmax)

Table 1 presents a summary of the impact test
results, including the recycled content and sieve
thickness.
Table 1. Obtained results from impact test of composite materials with different recyclate content %
Recycled
content

Thickness
of sieve

Fmax

W

U

[%]

[mm]

[N]

[J]

[J/cm2]

0
10
10
20
20

–
≥1.2
≥3.0
≥1.2
≥3.0

1288.13
1107.2
1078.97
688.95
740.34

3.11
2.42
2.31
1.06
1.22

8.49
5.95
5.93
3.12
3.36

Fmax – maximum strength, W – work necessary to destroy the
sample, U – toughness.

Conclusions
1. Adding polyester-glass recyclate to the composite
effects the resistance of this material to dynamic
loads.
2. The results show that using 10% recycled additive
in a polyester-glass composite reduces:
a. the impact strength with ΔU ~ 30%,
b. the work necessary for destruction by ΔW ~
22%,
c. the maximum force for destruction by ΔF ~
14%,
in comparison to the material without added waste
(pure composite).
3. The results show that using the 20% recycled
additive in the polyester-glass composite reduces:
a. the impact strength with ΔU ~ 63%,
b. the work necessary for destruction by ΔW ~
66%,
c. the maximum force for destruction by ΔF ~
47%,
in comparison to the material without added waste
(pure composite).
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