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In this study, the mechanical and tribological properties of unidirectional glass
fiber/polyester resin and unidirectional carbon fiber / polyester resin composite materials
reinforced with boron particles have been investigated by experimental methods. Composite
plates were produced by hand lay-up method using polyester resin mixed with boric acid
particles (HsBOz) with a specific gravity of 1.51 g/cm3 and a molecular weight of 61.83
g/mol, which were utilized as boron particles. As particle reinforcement, 1%, 5% and 10%
boron oxide polyester resin mixture was obtained. The effects of particle reinforcement on
mechanical and tribological properties were investigated. As a result of the experimental
studies, it was determined that, due to the increase in the particle ratio, the wear resistance
increased by between the ratios 5% and 50% in some samples compared to the samples not
reinforced with boric acid particles and the tensile strength improved up to 32% in some
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1. INTRODUCTION

Due to the decreasing resources and increasing needs, the
discovery and development of new materials in harmony with
the developing technology have emerged in order to meet those
needs. As responses to the aforementioned needs, composite
materials have emerged as materials with new properties, those
that are different from the materials combined to form them.
One of the most important features of composites is that they
can respond to unlimited demands with unlimited production
options. They are produced by wrapping strong, stiff fibers in
relatively weaker and less solid matrix materials [1]. The
materials which have gained more and more usage in industrial
market, that have high technical performance and knowhow
requirement an in addition to those have high added value can
be called high-tech materials.[2]

Composite materials are widely used in areas such as
automotive, aerospace, textile industry, sports equipment, food
and construction industry. Usage areas of composite materials
continues to grow day by day in the world and in our country.
The composite material industry has come to a very important
point thanks to various innovations and advanced technology
applied on the materials that make them chemically, physically

and mechanically different, forming the composite material,
matrix materials and reinforcing fibers. Polymer matrix
composite materials are the most widely used composite
materials. Fibers such as carbon, aramid and glass are
especially used to increase the strength values of polymer
matrix composite materials. In addition to the fibers used, it is
also possible to use various particles by adding them to
polymer matrix composite materials because their properties
such as wear resistance, rigidity and bending strength are not
good enough. The addition of the mentioned particles highly
affects the physical and mechanical properties of the composite
material [3-4]. There are many studies on particle reinforced
composite materials in the literature. Navaneethakrishnana et
al. [5] prepared boron nitride (BN) / epoxy nano composites
containing different percentages of BN particles by liquid
casting process. They analyzed the mechanical properties of
composites such as hardness, tensile, bending and impact
strength. Venkatesh Vijayaraghavan et al. [6] presented a
comprehensive study with the help of molecular dynamic
analysis of tensile loading mechanics of polyethylene (PE)
nano composites reinforced with BN-C nano layers. They
observed that the geometry and lattice arrangement of BN - C
nano layers affect the tensile load properties of nano
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composites. MeysamRahmat et al. [7] examined the quasi-
static and dynamic performances of epoxy in two different
classes which are with and without Boron nitride nanotubes
(BNNTS). In addition to pure epoxy material, they also tested
samples with concentrations of 1% and 2% BNNT by weight.
In addition, they noted that the BNNT-modified tensile
specimens showed up to 7% increase in tensile strength, up to
16% increase in modulus, and a 9% decrease in strain rate. Xiao
Zhangl et al. [8] produced a BN / PVDF composite by hot press
method in their study. They stated that the distribution of BN
is homogeneous, dense and directed towards PVDF
(Polyvinylidenefluoride). They also stated that the thermal
conductivity and tensile performance of the composite were
greatly improved. Also, the thermal conductivity was measured
as 0.57 W / (mK), which is an increase of 307% compared to
pure PVDF. Burroughs et al. [9] investigated the utility of boric
acid particles in PTFE and epoxycomposite materials that are
in slip contact with stainless steel. They stated that when boric
acid is used as a filler, it reaches the level of 10-5 mm3/ N-m
by providing a twenty-year decrease in the rate of wear. They
reported that with sufficient ambient moisture, a reduced wear
rate can be achieved without causing counter-surface wear and
the friction of PTFE will be further reduced. They stated that
boric oxide fillers in such environments can reduce the friction
coefficient of epoxy from pu> 0.7 to = 0.07. Cavdar et al. [10]
investigated the effect of boron-based flame retardants
(BbFRs) and fiber loading on the mechanical, fire and thermal
performances of impregnated spruce wood (WF), which is a
filled high density polyethylene composite. For this purpose,
they impregnated WF with boric acid solution, borax and their
mixtures and dried before composite production. The effect of
the separation on the limiting oxygen index (LOI) levels of the
BbFR samples were also investigated. According to the test
results, samples with borax provided better mechanical
properties compared to samples containing boric acid and
showed a 19% improvement in tensile modulus in those with
40% fiber loading compared to control samples. Hou et al. [11]
investigated the effects of modified BN content on thermal and
insulating properties by using hexagonal boron nitride micro
particles modified with 3-aminopropyl triethoxysilane
(APTES) to fabricate thermally conductive epoxy / BN
composites. They found that the using h-BN particles as
reinforcement to the epoxy matrix significantly increased the
thermal conductivity of composites. They found the thermal
conductivity of composites with a modified BN loading of 30%
by weight is 6.14 times higher than that of pure epoxy, at 1.178
W m-1 K-1. Myshkin et al. [12] stated in their study that the
tribological behavior of polymers was reviewed from the
middle of the 20th century to the present. They said that with
the new contact tack gauge, the surface energy of different
coatings can be determined. They discussed friction with
adhesion and deformation components. They demonstrated
how load, sliding speed and temperature affect friction. Li et.
al. [13] have stated as their article’s main purpose, using solid
lubricants such as polytetrafluroethylene (PTFE), ultra-high
molecular weight polyethylene (UHMWPE) and a combination
of the two, is to further optimize the tribological properties of
glass fiber reinforced PA6 (GF / PA6,15 / 85 by weight) for
high performance friction materials. They investigated the
synergies of the tribological properties of these materials
resulting from the inclusion of PTFE and UHMWPE. They
stated that the results showed that at a load of 40 N and a speed
of 200 rpm, PTFE was effective in improving the tribological
abilities of the matrix material. They found that the
combination of PTFE and UHMWPE further reduced the

friction coefficient of composites mixed with only PTFE or
UHMWPE. They also discussed the effects of load and speed
on tribological behavior. In order to better understand the
mechanism of wear, they examined the eroded surfaces with a
scanning electron microscope. Karatas et al. [14] stated that
polyamide 6,6 (PA6,6) is one of the widely used engineering
polymers and is being used for various applications. Moreover,
they stated that the tribological and mechanical performance of
PA6,6 could be improved by adding fibers or particles.
However, they stated that the properties of reinforced PA6,6
matrix composites would be affected by many factors. They
explained that the interfacial adhesion between the
reinforcement and the matrix material is one of these factors
and that good interfacial adhesion is required to obtain good
final properties. They aimed to improve the tribological and
mechanical properties of carbon fiber reinforced PAG6,6
composites by improving fiber-matrix interaction by using
graphennanoplatelet (GNP) and 1,4-phenylene-bis-oxazoline
(PBO). They performed adhesive wear test, tensile test,
dynamic mechanics, differential scanning calorimetry and
scanning electron microscopy analyses. As a result, all test
results showed that composites coded CF_0.5GNP_PBO
exhibit improved tribological and mechanical properties
among all composites.

In this study, it is aimed to determine the wear behavior and
mechanical properties of composite plates reinforced with
boron particles. For this purpose, boric acid particles with a
specific gravity of 1.51 g/ cm3 (20 °C) and a molecular weight:
61.83 g / mol were mixed with polyester resin in the ratio of
1%, 5% and 10% by weight. Glass fiber / polyester and carbon
fiber / polyester composite plates were produced by absorbing
the obtained boric acid-added polyester resin on unidirectional
glass fiber and unidirectional carbon fibers by hand lay-up and
cold press method. Glass fiber / polyester and carbon fiber /
polyester composite plates were produced with neutral resin as
the control group. Wear tests and tensile tests of the composite
plates obtained were applied. The obtained results are
presented in tables and graphics.

2. EXPERIMENTAL STUDY

In this study, unidirectional glass fiber with a density of 250
g/m2, turquoise brand polyester resin which is a non-
thixotropic, non-accelerated, low reactive, low viscosity,
orthophthalic based unsaturated suitable for hand lay-up and
spray applications. It has the ability to quickly wet the fiber,
coded as TP 220 and boric acid particles (HsBO3s) with a
specific weight of 1.51 g/cm3 (20 °C) and a molecular weight:
61.83 g/mol which were supplied from Etimaden plants have
been used. Composite materials containing unidirectional glass
fiber and carbon fiber are prepared by reinforcing with 1%, 5%
and 10% boric acid by weight and also without reinforcement
as pure. 1%, 5% and 10% by weight of boric acid was mixed
into the polyester resin and mixed with the help of a mixer. The
obtained boric acid reinforced polyester resin was impregnated
on each fiber layer by hand lay-up method and at the end, it was
left to cure for 12 hours under 5 MPa pressure in cold press.
Figure 1 shows the production method.
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Preparing of Polyster Resin Production of composite plates by

hand lay-up and cold press method.

| Ao ——_
- e

Manufactured polyester resin/ unidirectional glass fiber composite plate

Figure 1 Production Method

Boric acid composition ratios and codes of the samples
produced within the scope of the study are given in Table 1.

TABLE |
BORIC ACID COMPOSITION RATIOS AND CODES OF SAMPLES
Boric Acid
Sample Reinforcement Symbolic Notation
Name
Percentage
Pure N-0-TYCF
Unidire 1% 1-0-TYCF
ctional
Glass
Fiber 5% 5-0-TYCF
10% 10-0-TYCF
Pure N-90-TYCF
Unidire 1% 1-90-TYCF
ctional
Carbon
Fiber 5% 5-90-TYCF
10% 10-90-TYKF

2.1 Wear Test

Wear test was applied in order to determine the tribological
properties of unidirectional glass fiber and carbon fiber
reinforced composite materials containing neutral, 1%, 5% and
10% boric acid by weight, by cutting the plates obtained in 300
mmx215mm dimensions and 1.2 mm thickness in 30x30 mm
dimensions. The relevant test was carried out using a

"Nanovea" brand "pin-on-disc" type tribometer device in
Kocaeli University, Mechanical Engineering Department,
Construction Laboratory. The wear test device is shown in

Figure 2.

Figure 2. Nanovea Brand Wear Test Device

During the test, a 3 mm radius AISI 52100 steel metal ball
was fixed to the load arm. The sample was placed on a rotating
disk with a friction radius of 5 mm. All wear tests were carried
out with 150 RPM rotation speed, 20 N contact load and sliding
distance set to 50 m. During the test, the deformation on the
samples was observed and recorded. The results of the wear
test were automatically recorded by the computer, and the
graphics and tables below were created based on these data.

Unidirectional Glass Fiber Coefficient of Friction
Graphic

—N-0-TYCF
—1-0-TYCF
——5-0-TYCF
=—10-0-TYCF

0 10 20 30 40 30
Distance (m)

Unidirectional Carbon Fiber Coefficient of Friction
Graphic

—N-0-TYKF
—10-TYKF
——5)-TYKF
==10-0-TYKF

0 10 20 30 40 30
Distance (m)

Figure 3. Coefficient of Friction Graphics Obtained As a Result of The
Wear Test

The effect of boric acid reinforcement on the friction
coefficient according to the sliding distance is shown in Figure
3. Due to the weak Van der Waals bonds of the solid lubricants,
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the bonds between the two-dimensional layers cause easy
sliding properties between the layers during the wear test
period. In this case, it causes the lubrication effect of boric acid
to appear and thus to reduce the friction coefficient.

2.2 Static Tensile Test

Static tensile tests were carried out at the Dicle University
Mechanics laboratory and Dicle University Central
laboratories. Tests were carried out in 3 samples from each
prepared sample. During the tests, an Instron BS 8801 servo
hydraulic tensile test device with a capacity of 100 kN was
used. Tests were carried out in accordance with ASTM
standards at room temperature. (ASTM - D, 1982). Tests have
been carried out with the assumption that ambient humidity has
no effect. The device is set so that the drawing speed is
Imm/min. The lower jaw of the test device is movable and the
upper jaw is fixed. When the samples are being positioned in
the device, attention has been paid to ensure that there is no
angular displacement between the lower jaw and the upper jaw
so that equal distribution of the force applied to both sides is
ensured. During the test, the ways in which the samples were
damaged were observed and the necessary information notes
were taken. The damage loads and displacements obtained after
the relevant test was applied were automatically recorded on
the computer and graphics and tables were created using this
data. Figure 4 shows the test setup.

i - .\
Figure 4. Instron Brand Tensile Test Device

In the static tensile tests applied to the produced composite
plates, [0°]s unidirectional glass fiber and [0°]s carbon fiber
plates were used. While the plates were being produced; into
the polyester resin, 1%, 5% and 10% by weight of boric acid
was added and non-reinforced polyester resin was used. In
static tensile tests, three samples were produced for each
parameter and the experiments were repeated. The obtained
load-displacement ratios are presented in Figure 5.

%5 Unidirectional Glass Fiber %S Unidirectional Carbon Fiber

30000 30000
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Figure 5. Graphics of Load (N) And Displacement (mm) Obtained As a Result

of Tensile Test

In Figure 5, the load/displacement results of unidirectional
glass and carbon fiber reinforced composite materials prepared
by neutral and adding 1%, 5% and 10% boric acid by weight
are shown graphically.

As can be seen from the figure, the load/displacement
graphs of unidirectional glass fiber and unidirectional carbon
fiber hybrid composite materials increase linearly. It is seen
that damage occurs by instant breakage. The numbers of the
samples are shown as 1, 2 and 3 in the graphics.

3. RESULTS AND DISCUSSION

In this study, the tribological and mechanical properties of
the composite materials was experimentally investigated as the
effect of the addition of boric acid in various additive ratios to
the matrix material. The results were evaluated by applying the
wear test and tensile test to the samples prepared by adding 1%,
5% and 10% boric acid by weight.

3.1. Effects of using boric acid as reinforcement for wear
resistance

As a result of the wear tests, the average friction coefficient
values obtained as a result of the wear test of
polyester/unidirectional glass fiber and
polyester/unidirectional carbon fiber composite plates, which
were not reinforced and reinforced with 1%, 5% and 10% by
weight of boric acid, are presented in Figure 6.

Pure Unidirectional Glass Fiber Pure Unidirectional Carbon Fiber
30000 30000
25000 23000
5 20000 g 20000 1
=z 15000 —Sample One ] 15000 = Sample One
S0 —Sample Two | 3 10000 ple Two
5000 ,: Sample Three 5000 |/ Sample Three
0 =" 0
005 1 15 2 25 3 35 4 0051152253354
Displacement (mm) Displacement (mm)
%01 Unidirectional Glass Fiber %1 Unidirectional Carbon Fiber
30000 30000
25000 25000
220000 Z 20000
= 15000 ——Sample One = 15000 ’ ——Sample One
g 3
= 10000 pleTwo | o 10000 — Sample Two
o / Sample Three 5000 / Sample Three
0 4u 0
0051152253 35 4 0051152253 354
Displacement (mm) Displacement (mm)

Unidirectional Glass Fiber Average CoefTicient Unidirectional Carbon Fiber Average Coefficient
of Friction of Friction
05 0§
£ . EP
08 gl
04 04
K 3
203 z0
TT) £
é 0z ‘:h 0
& «
$ ol 8 [}
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s NOTYCF  LO-TYCF  SO-TYCF  104-TYCF : NOTYEF  IOTYKF  SO-TYEF  104-TVKF
;] Sample Codes 4 Sample Codes

Figure 6. Wear Average Coefficient Variation Graph of Boric Acid Reinforced
[0°], Polyester/Unidirectional Glass Fiber And [0°], Polyester/Unidirectional
Carbon Fiber Composites.

It is seen from the literature that boric acid is used as a solid
lubricant. Tribological contacts (friction and wear) typically
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result in the transfer of a thin layer of material from the surface
of the solid lubricant coating to the opposite surface, commonly
known as a transfer film or tribofilm. A good transfer film
formed by matrix material and solid lubricant increases the
wear resistance by decreasing the friction coefficient. Boric
acid also has a lubricating effect due to its good sliding property
between its layers. Thanks to this effect, the friction coefficient
of the polymer composite material decreases during the wear
process. [9-16] Under the light of these evaluations, it can be
seen in Figure 3 that as the boric acid ratio increases, the wear
resistance of the unidirectional glass fiber composite material
increases.

The reason why the friction coefficient of 10% boric acid -
added polymer composite material is higher than other
composite materials with unidirectional glass fiber samples
may be that boric acid has agglomeration in this composite
sample. [17-19]

3.2. Effects of using boric acid as reinforcement for
tensile strength

The average tensile strength values obtained as a result of
static tensile tests and the wear test of polyester/unidirectional
glass fiber and polyester/unidirectional carbon fiber composite
plates, which are not reinforced and reinforced with 1%, 5%
and 10% boric acid by weight, are presented in Figure 7.

Unidirectional Glass Fiber Unidirectional Carbon Fiber

< NOTYCF 14-TYCF SO-TYCF  104-TYCF =

Sample Codes

NO-TYRF 10-TYKF $0-TVKF

Sample Codes

100-TYKF

Figure 7. Average Tensile Strength Values of Unidirectional Glass Fiber and
Unidirectional Carbon Fiber Composite Materials

When Figure 7 is examined, the average tensile strength
value of unidirectional glass fiber hybrid composite materials,
especially of the samples with 1% boric acid by weight, has
increased. Again, in unidirectional carbon fiber hybrid
composite materials, the average tensile strength values of the
samples with 1% and 5% additives were increased. It is seen
that the highest average tensile strength value in unidirectional
glass fiber specimens is in the sample with 1% reinforced value
with 469 N/mmz2, and the highest average tensile strength value
in unidirectional carbon fiber specimens is in the sample that is
5% reinforced with a value of 915 N / mm2. The results
obtained have been shown in Table 2 in order to allow better
understanding of the experimental study results.

When Table 2 is examined, it is seen that 1% by weight boric
acid reinforcement can increase the average tensile strength by
approximately 32% for unidirectional glass fiber composite
samples. For unidirectional carbon fiber composite samples, it
was observed that 5% by weight boric acid reinforcement can
increase the average tensile strength by about 23%. For
unidirectional glass fiber composite samples %10 by weight
boric acid reinforcement decrease the average tensile strength
by approximately 9,03% .And for unidirectional carbon fiber
composite samples, %10 by weight boric acid reinforcement
has little effect as %1.97 . After a certain amount of boron
component reinforcement, it has been also shown in the
literature that this components has a negative effect on average

tensile strength or does not affect it at all. Boztoprak and Kartal
[20] showed in their study that the tensile strength value
decreased due to the increase in the boron nitride ratio.
Navaneethakrishnan et al. [5] showed in their study that %1 by
weight boron nitride reinforcement increased tensile strenght
value on the other hand %2 by weight boron nitride
reinforcement decreased. Tasgin, [21] reported that %10 by
weight boric acid reinforcement decrease the average tensile
strength compared to %5 by weight boric acid reinforcement.

TABLE Il
AVERAGE TENSILE STRENGTH CHANGE RATE BASED ON BORIC ACID
ADDITIVE RATIO

Average
Samole Boric acid Svmbolic Tensile | Rate of
Nan?e Reinforcemen Nyotation Strengt | Chang
t Percentage h Value( | e (%)
N/mm2)
Neutral N-0-TYCF 354
L 1% 1-0-TYCF 469 | (+)324
Unidirectional
Glass Fiber 5% 5-0-TYCF 360 | (+) 1,69
10% 10-0-TYCF 322,33 | (-) 9,03
Neutral N-90-TYCF 743
)
1% 1-90-TYCF 884,66
Unidirectional ’ 19,06
Carbon Fiber (+)
5% 5-90-TYCF 915,66 2324
10% 10-90-TYKF 757,66 | (+) 1,97

*( + indicates that the rate of change is positive, - is negative)
4. CONCLUSIONS

The main purpose of this study is to investigate the effect
of boric acid reinforcement on the mechanical and tribological
properties of glass fiber/polyester and carbon fiber/polyester
composite materials. Adhesion wear is defined as the wear of
surfaces that are in contact with each other under the influence
of normal force. Due to the fact that the surface areas of the
surfaces in contact are very small, even if the force is constant,
the applied pressure value is quite high. The surfaces in this
situation are subject to plastic deformation. As a result of the
relative movements of the contact surfaces, gaps are formed on
the surface of the object, which is produced from soft material,
due to the rupture of the aforementioned bonds, and particles
begin to fall off between the two surfaces. During polymer
transfer, it is seen that the wear volume and friction coefficient
increase and the wear resistance decreases in parallel with the
increase in the transfer amount.

It is evaluated that various additives that can be made to the
matrix material in composite materials can reduce the surface
to surface transfer amount and thus increase the wear resistance
[20-23] In the study, it was determined that due to the
lubricating effect of boric acid, its wear resistance increased
with the addition of the matrix material. In addition, by adding
boric acid to the matrix material to obtain hybrid composite
material, the average tensile strength values have increased
significantly depending on certain ratios by weight. The data
obtained from this study will make a significant contribution to
the determination of the mechanical and tribological properties
of different fiber reinforcement angles and bi-directional fiber
reinforced composite materials. The evaluations of the general
results are presented below.
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- The addition of boric acid increases the average tensile
strength up to a certain rate,

- Addition of boric acid in increasing rates brings
improvements in the tribological properties of the composite
material, and the wear resistance increases,

- If boric acid is used as reinforcement at more than a certain
amount, results have been obtained suggesting that it does not
change or reduce the average tensile strength value.
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