
1. Introduction
The article by Singh et al. [1] provides a rigorous re-
view of the literature in the field of glass fiber com-
posites. Fiberglass composite is a type of fiber rein-
forced polymer composites. Fiberglass composite
has good properties such as low density, high strength
and easy processing, so it is widely used in aero-
space, automotive and construction industries.
Recently, more research has been conducted on glass
fiber reinforced composites due to their excellent
mechanical properties. Morampudi et al. [2] in their
study dealt with the analysis of polymer composites
reinforced with glass fibers made from different
types of glasses prepared by different production

technologies. As the volume of glass fibers in-
creased, the properties of GFRP composites im-
proved. The mechanical and thermal properties of
various glass fiber reinforced polymer composites
when subjected to mechanical loading have been
studied and reported [2–4].
Recently, additional research has been conducted on
glass fiber reinforced composites due to their excel-
lent mechanical properties. As a new member of the
silica derivative family, modified glass fiber (MGF)
has attracted much attention for its excellent proper-
ties and potential applications. Surface treatment of
glass fiber (GF) significantly changes its perform-
ance, leading to a series of changes in its surface
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structure, wettability, electrical properties, mechan-
ical properties and stability [5–8].
The development of fracture mechanics test methods
for the determination of delamination resistance or
fracture toughness of fiber-reinforced, polymer-ma-
trix composites is an active area of research. The em-
phasis in this review is on standardization of test
methods. Recent developments leading towards new
standardized test procedures will be presented, com-
plementing and updating earlier reviews [9–11].
In addition to the positive effects on environmental
sustainability, polymer recycling is also beneficial in
terms of reducing production costs and material re-
sources. The aim of the study by Jiun et al. [12] was
to find out how the recycling cycle affects the phys-
ical properties and mechanical properties of the ther-
moplastic polymer and thermoplastic elastomer poly-
mer. The obtained results showed that the tensile
strength and density decreased for the thermoplastic
polymer, and the appearance changes were signifi-
cant when the number of recycling cycles increased
[12–16].
Authors Mohammed et al. [17] in their study inves-
tigated the fracture behavior of a quasi-brittle mate-
rial in the fracture processing zone. They performed
a matrix of experimental work to investigate failure
behavior based on a parameter known as the fragility
number, which is a measure of brittle behavior. The
results showed that the increase in the homogeneity
of the composite laminates, which is introduced by
inserting a certain angular layer for the laminate
structure, increased the ductility of the material as
the brittleness number increased. A larger sample
size leads to an increase in brittleness for the same
stacking sequences due to an increase in the stress
concentration factor [17–21].
On the basis of the mentioned conclusions of the pre-
vious authors, research was proposed to determine
the brittleness of glass fibers in a polymer composite.
Mechanical and rheological properties were selected
to assess the effect of brittleness of glass fibers. Un-
derstanding the fatigue behaviour of fibre-reinforced
plastics is desirable for exploiting their features in
safe, durable and reliable industrial components.

2. Experiment preparation
2.1. Materials
The test samples were manufactured from a compos-
ite known under the trademark Syntegum 1030 AFV.
It is a composite of a homopolymer PP reinforced

with chemically grafted glass fiber (30 wt%). It has
been specially developed for hi tech parts operating
at high temperatures and subject to considerable me-
chanical stresses. SYNTEGUM 1030 AFV 00 is
characterized by a higher flexural modulus and a
higher tensile strength at yield, thanks to the action
of a grafting agent.

2.2.  Preparation of material and test samples
Prior to experimental measurement, it was necessary
to prepare material and test specimens. The prepa-
ration of the material took place simultaneously with
the production of test specimens. The first batch of
test specimens was made from virgin material. It was
necessary to process enough material to be used for
the production of further batches. The necessary part
of the test samples from the thus produced batch
(G1) is used for testing and the remaining material
is scrapped. The scrap material was used for the sec-
ond batch of material (G2). Again, the necessary part
of the samples was used for testing and the remain-
ing material was scrapped. This was the procedure
until the production of the ninth batch (G9). Table 1
shows the designation of material batches.
From the prepared material (batch), multi-purpose
Type A test bodies were injected for the purpose of
the experimental analysis according to the standard
EN ISO 3167, or, alternatively, 1A according to the
standard EN ISO 527-2.
The injection process was carried out on a standard
injection molding machine Demag Systec 100-310
according to technological parameters listed in the
material sheet. After the end of the production
cycle, the test pieces were conditioned at standard
23°/50 RH conditions. Half of the test bodies used
for simulation of the lifetime of the moldings de-
pending on the recycled content were subjected to
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Table 1. Designation of material batches.
Batch Description

GV Virgin material (without previous processing)
G1 Material after the first transition
G2 Material after the second transition
G3 Material after the third transition
G4 Material after the fourth transition
G5 Material after the fifth transition
G6 Material after the sixth transition
G7 Material after the seventh transition
G8 Material after the eighth transition
G9 Material after the ninth transition



an elevated temperature of 150 °C in a drier with
forced-air circulation for 500 h prior to the study of
their utility properties.

3. Methods
The experimental analysis took place in two stages.
In the first, short-term performance properties were
evaluated, where the tests were performed after con-
ditioning the test specimens. In the second stage, the
performance properties were evaluated by the method
of exposing them to elevated temperature for a de-
fined time, with an emphasis on product life.

3.1. Establishing rheological properties
The melt flow index (MFI) is a standardized techno-
logical test of thermoplastic materials that serves to
evaluate the flow properties. The melt volume flow
rate (MVR) was chosen for testing. The MVR was de-
termined by a thermo Haake meltflow MT rheome-
ter according to the EN ISO 1133 standard with con-
ditions 230 °C and load 2.16 kg.

3.2. Establishing tensile properties
The test is conducted under the specified pretreat-
ment conditions, ambient and speed parameters of
the test bodies defined by EN ISO 527-1/2. The test
bodies were stretched in the direction of their main
longitudinal axis until disrupted, at a constant speed
of 5 mm/min. During the test, the values of the ap-
plied load and the increase in the initially measured
length of the test piece were recorded. 10 test bodies
from each batch were tested on the Tiratest 2300
tearing machine. The test body was placed and fas-
tened to the jaws of the tearing machine so that the
longitudinal axis of the body was identical to the axis
of the machine and so that release of the test piece
would be prevented. The module of tensile elasticity
was determined at a reduced test speed 1 mm/min,
measured by Epsilon – model 3542-010M-025-ST
strain gauge (Figure 1).

3.3. Microscopic analysis of fracture areas of
composites after the tensile test

Samples for observation of SEM images were sput-
tered with carbon to improve the conductivity of the
sample. The samples were subsequently observed on
a TESCAN MIRA 3 FE electron microscope with an
integrated EDX analyzer from Oxford Instruments,
which allows observation of the microstructure of
the material and the performance of elemental analysis

(spot, surface distribution). For SEM images, the
secondary electron mode (SE) and an accelerating
voltage of 10 kV were used. The distance between
sample and detector was 18 mm and view field
185 μm. All captured SEM images were taken from
the surface fractured sections located at the central
parts of the testing articles as obtained during uni-
axial tensile testing.

3.4. Evaluation of fiber brittleness
Samples of individual batches were fired in a labo-
ratory furnace at a temperature of 600 °C, where the
polymer matrix and glass fibers were separated. Sub-
sequently, the separated glass fibers were transferred
to a microscope slide and measured under an optical
microscope with a digital camera. Subsequently, the
results were evaluated in Excel. Measurements were
repeated twice for each batch of material.

4. Results and discussion
4.1. Evaluation of fiber brittleness
As can be seen from Figure 2, fiber length, as a pa-
rameter characterizing the fragility of the investigat-
ed parameter, is significantly (p < 0.000) influenced
by the number of transitions, remelting of the mate-
rial (batch of material) in the sense of Fisher’s
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Figure 1. Placement the strain gauge on the test sample on
the Tiratest 2300.



analysis of variance (ANOVA). It is obvious that by
increasing the number of reflows of the material, the
average fiber length gradually decreases. Here it is
necessary to say that the second analyzed variable in
Figure 3, namely the number of threads, so this data
is only informative and we will not consider it fur-
ther in the study, due to the nature of this variable.
This behavior agreed with data observed by authors
Al-Oqla and Sapuan [22] and Pessey et al. [23].
The basic monitored variable, within Figure 2, is the
average length of the fibers in the material. The
 average increase in the number of fibers represents
194.955% between the G1 transition and the G9
transition.
The second observed quantity in Figure 2 is the av-
erage length of the fibers in the material. Here it is
possible to observe a gradual decrease in the length
of the fibers with an increasing number of material
transitions. After the first transition (G1), the average
length of the fibers is at the level of 289±19.7 µm.
After the second transition (G2), the length of the
fibers in the material decreases to 251±6.5 µm,
which represents a decrease of 14.149%. In order,
the third transition (G3) brings the average fiber
length at the level of 202±11.7 µm, while the inter-
transition decrease in fiber length represents
19.522% (49±9.1 µm). After the fourth transition
(G4), we observe the average fiber length at the
level of 170±11.1 µm, which represents a decrease
compared to the G3 transition by 15.842%
(32±11.4 µm). After the fifth transition (G5), the
rate of decrease in the average fiber length compared
to the G4 transition decreases and reaches the level
of 6.471%, while after the fifth transition the average

fiber length is at the level of 159±14.3 µm. A slight
increase in the average fiber length occurs after the
sixth transition (G6), while the change compared to
the G5 transition represents only –0.629% in relative
terms. The seventh transition (G7) causes a further
decrease in the average fiber length to the level of
154±11.2 µm, while the decrease in relative terms
represents 3.750%. After the eighth transition (G8),
the decrease in the average length decreases again
compared to the G7 transition in relative terms by
2.597%, while the average value after the G8 transi-
tion is 150±10.3 µm last transition, the average
length of the fibers in the material is at the level of
136±14.4 µm, which represents a decrease of
9.333%. The change in the average fiber length from
the first realized transition (G1) to the last realized
transition (G9) represents 52.941%, which represents
an average decrease of 6.618% per one transition.
The results also confirm the conclusion of Ng et al.
[24], Kim and Choi [25] and Varga and Bartha [26].

4.2. Evaluation of rheological properties
In this case, the basic dependently evaluated trans-
formation is the melt volume flow rate (MVR), the
change of which is analyzed depending on the num-
ber of material transitions. The examined depend-
ence is shown in Figure 3.
It is clear from Figure 3 that by increasing the num-
ber of material transitions, the MVR value increases.
In the case of virgin material (GV), which was the
input to the experiment (without previous processing
of the material), the MVR value is at the level of
4.000±0.708 cm3/10 min. From the point of view of
ANOVA, the batch of material represents a significant
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Figure 2. Effect of the number of material transitions (batch)
on the length of glass fibers in the composite.

Figure 3. The effect of the number of material transitions
(batch) on the MVR.



influence that affects the changes in the MVR value
(p < 0.000) at the chosen significance level α = 5%
with 98.220% influence.
After the first transition (G1), the value of the
investigated variable increases to the value of
8.580±0.492 cm3/10 min, while this increase
represents a difference at the level of
4.580±3.245 cm3/10 min (114.5%) and at the
same time the difference is significant (p < 0.001)
at the selected level of significance α = 0.05.
After the second transition (G2), the value of the
investigated variable (MVR) increases to a value
of 11.840±0.379 cm3/10 min, while the increase in
the value of MVR compared to the previous batch
(G1) represents 37.995% (3.260±2.663 cm3/10 min),
while also this difference between the MVR value of
transition G2 and transition G1 is statistically signif-
icant (p = 0.007). After the implementation of the
third transition (G3), the MVR value is at the level
of 15.600±0.317 cm3/10 min, which represents an
increase of 3.760±2.663 cm3/10 min (31.757%; p <
0.001). A change in the increase in MVR occurs at
the fourth transition (G4). Here there will be an in-
crease in the value of the investigated variable to the
level of 16.060±0.470 cm3/10 min, while the MVR
difference between the fourth (G4) and third (G3)
transitions is 0.460 cm3/10 min (2.949%), while this
difference is not significant (p = 1.000). During fur-
ther transitions (G5 to G9), the conditional MVR
value gradually increases (Figure 3) from a value of
19.560±0.417 cm3/10 min at G5 to a value of
31.880±4.630 cm3/10 min after the last transition
(G9). Although the MVR value with the number of
transitions (G1 to G9) increases with the average
level of change of the MVR value per transition at
the level of 3.098 cm3/10 min, this increase decreas-
es in relative terms from 114.500% after the first
transition (G1) to 12.970% after last transition (G9).
The results also confirm the conclusion of Zhang et
al. [27] and Huang et al. [28].

4.3. Evaluation of tensile properties
In this case, the basic values evaluated are the Ten-
sile strength σm [MPa], the tensile strain at strength
εm [%] and the tensile modulus Et [MPa]. The vari-
able input variables are the batch of material, which
expresses the number of transitions and the condition
of the material (before aging and after aging). In the
following text, we will evaluate the individual eval-
uated quantities separately.

4.3.1. Evaluation of tensile strength
The first evaluated value is the tensile strength σm
[MPa]. A graphic representation of the effect of the
number of transitions on the tensile strength for the
material before and after aging is shown in Figure 4.
The average value of σm for both material states
and all considered batches of material is
55.354±3.044 MPa. The number of transitions is the
most significant influence with 96.910% influence
on the change in the value of σm, while this influence
is statistically significant (p < 0.000) at the chosen
level of significance α = 0.05. The influence of the
material condition on the change in the value of σm
represents only 2.620% (p < 0.000). However, for
both states of the material, the value of σm decreases
by increasing the number of transitions, and at the
same time, in the entire range of transitions, the value
of σm for the material before aging is higher than for
the material after aging.
The starting value of σm for the material before aging
after the first transition (G1) is 89.043±1.421 MPa.
After the next transition (G2), the value of σm de-
creases to the level of 75.445±0.665 MPa, which rep-
resents a decrease of 13.598±1.101 MPa (15.601%).
At the same time, the difference in the value of σm
between the transition G1 and G2 is significant (p <
0.000) at the chosen level of significance α = 0.05.
After the third transition (G3), the value of σm
drops to 65.019±0.442 MPa, which represents a de-
crease compared to the second transition (G2) by
10.426±1.101 MPa (13.831%). The difference in the
value of σm between the second and third transition
is also statistically significant (p < 0.000). The inter-
mediate rate of decline thus decreases from the value
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Figure 4. The effect of the number of material transitions
(batch) on the σm for material before aging and
material after aging.



of 15.601% (G1–G2) to the value of 13.831%
(G2–G3). The fourth transition causes a further
decrease in the value of σm to an average value of
56.963±0.653 MPa. The decrease compared to
the third transition (G3) thus represents
8.056±0.101 MPa (12.390%, p < 0.000). After the
fifth transition of the material (G5), the value of σm
decreases to a value of 52.714±0.350 MPa, while the
intermediate drop (G5–G4) of σm represents 7.459%
(4.249 MPa; p < 0.000). After the next transition
(G6), the value of σm decreases again to the value
of 48.679±0.406 MPa with the value of the inter-
transition decrease at the level of 4.035 MPa
(7.654%; p < 0.000). As shown in Figure 2, the value
of σm also decreases after the seventh transition (G7)
to a value of 46.140±0.934 MPa, after the eighth
transition (G8) to a value of 43.493±0.590 MPa and
also after the last, ninth transition (G9) to its final
value 41.754±0.450 MPa. However, the rate of inter-
transition decrease decreases from a value of
2.539 MPa (5.216%) between G7–G6 to a value of
1.739 MPa (3.998%) between transitions G9–G8.
Based on Figure 4, a similar trend can also be
seen in the material after aging, where after the
first transition (G1) the value of σm is at the level
of 80.580±0.500 MPa and at the same time after
the last transition (G9) at the level of
38.180±0.184 MPa. If we compare the total change
in the value of σm between the first and last transi-
tion, before and after aging, then for the material
before aging, this difference in tensile strength is
47.289 MPa (53.108%), and for the material after
aging, the difference σm is at the level of
42.400 MPa (52.619%). On average, 5.911 MPa
(6.639%) for material before aging and 5.300 MPa
(6.577%) for material after aging per transition

(batch of material). The average difference be-
tween the value of σm between both states of the
material is 4.681±0.511 MPa, with a gradually de-
creasing value of the difference in the average val-
ues of σm for individual transitions (batch of ma-
terial) from the value of 8.463±0.960 MPa (G1),
through 7.105±0.571 MPa (G2), 4.979±0.652 MPa
(G3), 4.363±0.532 MPa (G4) up to a value of
3.574±0.317 MPa after the last material transition
(G9).
Based on the previous analyses, it is possible to
derive certain relationships between the studied
characteristics, (σm), the fiber length and (MVR), fo-
cusing on the tensile strength σm. Dependencies are
graphically displayed in Figure 5. The relationship
between σm and fiber length is shown in Figure 5a.
From the figure, it follows that with the increasing
number of transitions, the values of σm and fiber
length decrease. A more detailed analysis of indi-
vidual monitored variables is presented above. The
mutual relationship between the σm and the length
of the fibers expressed by the correlation index
reaches the value of 0.9710 (p < 0.0000), that is, ac-
cording to Cohen’s scale of the definition of the ab-
solute value of the correlation coefficient, the ana-
lyzed relationship represents a functional depend-
ence. Since the third variable, which is the number
of transitions is also included in the analysis, the
partial correlation with consideration of the i nflu-
ence of the batch of material between the variables
of σm and fiber length reaches a value of 0.8879 (p <
0.0000). At the same time, the relationship between
the batch of material and the σm reaches the
value –0.9440 (p < 0.0000) and between the batch
of material and the length of the fibers the value 
–0.8829 (p < 0.0000).
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Figure 5. Change in σm, fiber length (a) and MVR (b) for individual batches of material (material before aging).



It is also possible to identify a mutual link between
the σm and the MVR (Figure 5b). Based on the cor-
relation index, it is possible to identify a functional
relationship between the two investigated variables
(σm, MVR) with a correlation coefficient value of 
–0.9184 (p < 0.0000). At the same time, it is possible
to identify a negative bond, i.e. increasing the value
of MVR conditionally decreases the value of σm.
However, the influence of the batch of material on
the relationship between σm and MVR makes the re-
lationship between the investigated variables not sig-
nificant (p = 0.3220) and reaches the level of 0.1498.
At the same time, however, the relationship between
the batch of material and MVR reaches a value of
0.9827 (p < 0.0000). This behavior agreed with data
observed by authors Chen et al. [29], Valášek et al.
[30] and Manas et al. [31].

4.3.2. Evaluation of tensile strain strength
The tensile strain at strength (εm) as the second mon-
itored tensile property depending on the number of
transitions for the material before and after aging is
shown in Figure 6. Within the basic analysis, the most
significant variable that affects the change in the
εm value is the material condition, with 84.860%
influence on its change, while the material condi-
tion is a significant factor (p < 0.0000) at the cho-
sen significance level α = 5%. The number of tran-
sitions affects the change in the value of εm by
10.450% (p < 0.0000), and the mutual interaction of
the condition and the batch of material has only a
4.120% effect on the change in the value of the in-
vestigated response εm (p < 0.0000).
In terms of the mentioned dependence (Figure 6), it
is clear that the change in the value of εm for the ma-
terial before aging and after aging is significantly
different. In the state of the material before aging
after the first transition (G1), the value of εm is at the
level of 3.583±0.169%. After the second transition
(G2), the value of εm drops to the level of
3.114±0.169%, which represents an inter-relative
transition decrease of the value of εm by 13.090%.
The difference in value between G2 and G1
(0.469%) is significant (p < 0.000) at the selected
level of significance α = 5%. After the third transi-
tion (G3), the value of εm is 2.740±0.065%, which
represents a relative decrease compared to the G2
transition by 12.010% (p < 0.000). After the fourth
transition (G4), the value of εm was reached at the
level of 2.478±0.041%. The inter-transition decrease

represents 9.562% (p < 0.000). In order, the fifth
transition of the material (G5) brings another but sig-
nificantly more moderate decrease in the value of εm
to the level of 2.462±0.044%, and this decrease in
relative terms represents 0.646% (p = 1.000). After
the sixth transition (G6), the value of εm slightly de-
creases to the level of 2.457±0.058% (0.203%, p <
0.000) and with the seventh transition (G7) to the
value of 2.526±0.031%, which represents an inter-
transition increase of 2.808% (p = 0.912). A further
increase in the value of εm is also observed during
the last two transitions of the material, to a value of
2.563±0.036% (1.465%, p = 1.000) after the eighth
transitions (G8) and to a value of 2.645±0.032%
(3.199%, p = 0.731) after the ninth transition (G9).
The average value of εm for the state of the material
after aging is 1.462±0.032%. After the first transition
(G1), the value of εm is at the level of 1.680±0.056%.
After the second transition (G2) in the sense of
 Figure 6, the value of εm drops to the level of
1.540±0.068%, which represents a relative inter-
transition decrease of 8.333%. The resulting differ-
ence in the value of εm between the first (G1) and
the second transition (G2) thus represents 0.140%,
while this difference is statistically significant (p =
0.029) at the chosen level of significance α = 0.05.
After the next, third transition (G3), there will be a
further decrease in the value of εm to the level of
1.460±0.068%, which represents a relative decrease
of 5.159% (0.080%, p =0.763) with the previous
transition. After the fourth transition (G4), the value
of εm decreases to the level of 1.360±0.068%, which
at the same time represents the minimum value of
the investigated response εm for the material after
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Figure 6. The effect of the number of material transitions
(batch) on the εm for the material before aging and
the material after aging.



aging. The inter-transition decrease in relative terms
is 6.849% (0.100%, p = 0.388). After the fifth tran-
sition (G5), there will be a slight increase in the εm
value to the level of 1.480±0.068%, which at the
same time represents an increase of 8.824% in rela-
tive terms compared to the G4 transition (0.120, p =
0.127). The sixth (G6) and seventh (G7) transitions
yield the same value of εm at the level of
1.420±0.068%, which represents a decrease of 4.054%
compared to the fifth transition (G5). A slight in-
crease to a value of 1.440±0.068% is observed after
the eighth transition (G8) with a subsequent decrease
to a value of 1.360±0.068% after the last transition
(G9). The difference in proportional elongation be-
tween the first (G1) and the last (G9) transition is
0.320%, which in relative terms is 19.048%. If we
observe the difference between the εm value between
the material before and after aging, the average de-
viation between both states of the material is
1.267±0.068%. The maximum difference is ob-
served in the batch of material G1 with a value of
1.903% (p < 0.000) and, on the other hand, the min-
imum difference in the batch of material G5 with a
value of 0.982% (p < 0.000).
Based on the performed analysis, it is possible to
draw the conclusion that, in addition to the fact that
the change in the value of εm is influenced by the
batch of material and the condition of the material,
we also observe the connection of εm with the aver-
age length of the fibers (Figure 7a). The correlation
between εm and the average fiber length given by the
correlation coefficient reaches a value of 0.908 (p <
0.000). If we also consider the influence of the batch
of material in this connection, the value of the partial

correlation coefficient will reach the value of 0.875
(p < 0.000), which represents a very significant de-
gree of mutual connection. At the same time, the cor-
relation coefficient between the εm and the batch of
material reaches the value –0.693 (p < 0.000) and
between the batch of material and the average length
of the fibers the value –0.883 (p < 0.000).
The analysis of the relationship between the investi-
gated response and the value of εm and the number
of fibers (Figure 7a) shows the fact that the value of
the correlation coefficient reaches the value –0.841
(p < 0.000), which represents a very significant rela-
tionship, and at the same time, as the number of fibers
in the material increases, the value decreases εm.
The relationship between εm and MVR (Figure 7b)
expressed by the correlation coefficient reaches the
value of –0.658 (p < 0.000), however, when consid-
ering the batch of material as a third moderating
variable, this relationship was not confirmed as sig-
nificant (p = 0.279) and the partial correlation coef-
ficient reaches the value of 0.167. This behavior
agreed with data observed by authors Zhang et al.
[32] and Berube et al. [33].

4.3.3. Evaluation of tensile modulus
The third monitored variable is the tensile modulus
Et [MPa]. The total average value of Et for all sam-
ples is 6644.567±191.074 MPa, while the average
value of Et for the material before aging is
6799.933±290.397 MPa and for the material after
aging is 6489.200±251.318 MPa. However, for both
states of the material, the value of Et decreases by
increasing the number of transitions (Figure 8). The
influence of the number of transitions on the change
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Figure 7. Change in the value of the εm, the fiber length (a) and the MVR (b) for individual batches of material (material
before aging).



in the value of Et is 95.660% and the batch of mate-
rial is a significant predictor (p < 0.000) at the cho-
sen level of significance α = 5%. The condition of
the material is a statistically significant predictor
(p < 0.000), but with only a 2.930% influence on the
change in Et value. In the end, the interaction of the
batch of material and the state of the material is also
a significant predictor (p < 0.000), but its influence
on the change in the value of Et reaches only
0.860%.
The starting value of Et after the first transition of the
material (G1) before aging is 8389±146.311 MPa.
After the second transition (G2), the value of Et
drops to the level of 7853.4±44.298 MPa, which rep-
resents an intermediate decrease of 535.6±95.305 MPa,
which in relative terms represents a decrease of
6.385%. The difference in Et values between transi-
tion G1 and G2 is significant (p < 0.000) at the α =
0.05 significance level. After the third transition
(G3), the value of Et decreases to the level of
7492.4±36.122 MPa with an inter-transition differ-
ence in absolute terms of 361±40.210 MPa (4.597%,
p < 0.000). After the fourth transition (G4) again, ac-
cording to Figure 8, the value of Et decreases to the
level of 7245±105.350 MPa. The intermediate de-
crease thus represents 246.8±70.736 MPa, which in
relative terms represents 3.294% (p < 0.000). After
the fifth transition (G5), the Et value reaches the
level of 6763.6±65.288 MPa. The difference in av-
erage values of Et between transition G4 and G5
reaches 480±85.319 MPa (6.652%, p < 0.000). After
the sixth transition (G6), Et reaches a value of
6253±51.029 MPa, which represents a decrease
compared to transition G5 by 510.6±58.159 MPa

(7.549%, p < 0.000). The decrease at the level of
3.305% (189.8±59.925 MPa) occurs after the sev-
enth transition (G7) when the value of Et reaches
6063.2±62.820 MPa. The last significant decrease in
Et is observed between transition G7 and G8
(5641.2±70.717 MPa) by 6.960% (422±66.769 MPa,
p < 0.000) followed by a slight decrease in the value
of Et after transition G9 (5498±46.184 MPa) by
2.528% (p = 0.221). The difference between the first
(G1) and the last transition (G9) thus represents
2891 MPa, which makes an average of 361.375 MPa
per pass.
For the material after aging, the starting value of Et
after the first transition (G1) is at the level of
7887.2±30.609 MPa, and the change of this value
with the batch of material copies the change of the
Et value of the material before aging. The difference
in Et value between the material before aging and
after aging is 310.733±31.658 MPa. In the sense of
Figure 9 it is clear that the biggest difference in the
value of Et between the investigated material states
is observed in the batch of material G5, namely
527.6 MPa (p < 0.000). The second largest differ-
ence is observed in the value of Et for batch G1,
namely 501.8 MPa (p < 0.000). The differences in
Et values between the material before and after aging
from material batch G7 are no longer statistically
significant (p = 0.321 (G7), p = 0.097 (G8), 0.998
(G9)) and thus the Et values before and after aging
in the mentioned material batches can be considered
the same.
The mutual relationship between Et and the average
length of fibers in the material before aging 
(Figure 9a) reaches the level of a very significant re-
lationship based on the value of the correlation co-
efficient (0.889, p < 0.000). When the average fiber
length decreases, the average Et value also decreases.
However, if we also consider the influence of the
batch of material as a moderating variable, then the
mutual relationship between Et and the length of the
fibers was not proven based on the partial correlation
coefficient (0.231, p = 131). At the same time, how-
ever, there is a significant relationship between the
batch of material and the value of Et at the level of 
–0.993 (p < 0.000). Figure 10 also shows the predic-
tion (Et, predict) of the value of Et, while the average
deviation between the model and the actual value of
Et is -0.484% with a minimum negative value of the
deviation at the level of –13.8% and a maximum
positive value of the deviation at the level of 12.7%.
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Figure 8. The effect of the number of material transitions
(batch) on the Et for the material before aging and
the material after aging.



Figure 9b represent the analysis of the relationship
between Et and MVR.
The correlation between the value of Et and MVR
(Figure 9b) expressed by the correlation coefficient
reaches the value –0.973 (p < 0.000). When increas-
ing the value of the average number of fibers, the
value of Et decreases simultaneously. However, if
we also consider the influence of the batch of mate-
rial, then the correlation between the studied vari-
ables (Et, MVR) reaches a value of 0.106, but the par-
tial correlation coefficient is not statistically signif-
icant (p = 0.492). 
The relationship between the impact strength (Ac)
and the brittleness of the investigated material, ex-
pressed as the length of the glass train, is shown in
Figure 10. As it is obvious, with gradual remelting
of the material (G1 to G9) the average fiber length
decreases and in accordance with this decrease, the
conditional value of the impact strength of the

 investigated material also decreases. If in the first
step we focus on the relationship between the two
described properties depending on the remelting of
the material, then the value of the Pearson correla-
tion coefficient between the impact strength and the
remelting of the material (batch of material) reaches
the value –0.904 (p < 0.000) and between the brit-
tleness of the material (fiber length) and material
remelting (material batch) value –0.883 (p < 0.000).
This behavior agreed with data observed by authors
Espinach et al. [34] and Branciforti et al. [35].
The mutual relationship, expressed by the correlation
coefficient, between the impact strength (Ac) and the
brittleness of the examined material is 0.968 (p <
0.000). This value points to a very significant rela-
tionship between the studied variables, and by re-
ducing the value of the impact strength, the fragility
of the fibers also decreases, as shown in Figure 10.
However, if we also consider the influence of remelt-
ing of the material (batch of material), the value of
the partial correlation coefficient reaches the value
of 0.846 (p < 0.000).

5. Conclusions
Based on the evaluated results of the mechanical and
rheological properties of the composite, the theory
about the influence of fiber length on the user prop-
erties of the material was confirmed. In the achieved
results, we can observe a perfect correlation between
the length of the fibers and the user properties of the
material. With the successive number of transitions
of the material through the injection machine and the
mold, the rheological properties increased. The op-
posite trend was noted for mechanical properties,
where the mechanical properties decreased with the
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Figure 9. Change in the value of the Et, the fiber length (a) and MVR (b) for individual batches of material (material before
aging).

Figure 10. Relationship between impact strength and brittle-
ness (fiber length) of the examined material de-
pending on the degree of remelting (batch of ma-
terial).



number of transitions. This result was also confirmed
by analyzes of the fracture surfaces of the material.
When testing samples exposed to elevated tempera-
ture, the differences in the measured results were
minimal. In further research, the authors will focus
on the analysis of the influence of fiber brittleness on
other useful properties of this polymer composite.
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