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Abstract. Organic polymer coatings have been extensively used for painting in industrial applications to prevent the deleterious effects on the metallic components. In this study, electrostatic polyester coatings with two amounts of graphite (5 and
10 wt% Gr) were deposited on structural steel substrate. The effect of Gr addition on the microstructure, mechanical, adhesion
and tribological behavior were characterized using SEM, EDS, XRD, nano-indentation and scratch test. The coatings’ resistance to corrosion was investigated using electrochemical measurements in 3.5 wt% NaCl solution. According to the results, the Gr particles were homogeneously distributed throughout the polyester coatings. The hardness and elastic modulus
of the polyester coatings increased from ~0.23 and ~6.7 to ~0.68 and 10.9 GPa upon increasing the Gr contents from 0 to
10 wt% Gr, respectively. Moreover, the friction coefficient decreased from ~0.5 to ~0.2. The results also showed an attenuation of the severe wear mechanism and a reduction of the plastic deformation. Consequently, the wear resistance improved
by three times due to the lubricating role of Gr. All the coatings showed a high adhesion level to the steel substrate with a
cohesive critical load higher than Lc1 = ~7 N and an adhesion strength greater than σc = ~215 MPa. The incorporation of Gr
allows high protection of the steel against corrosion due to their barrier role.
Keywords: thermosetting resins, coatings, adhesion, mechanical properties, damage mechanism

1. Introduction

corrosion resistance of steel decreases with the increase of the friction damage of coatings [5].
Like the bulk mechanical responses of polymers, the
tribological characteristics of polymers coatings are
greatly influenced by temperature, the relative speed
of the interacting surfaces [6], the normal load [7],
and the environment [8]. Therefore, to deal with
these effects, the incorporation of appropriate fillers
into the polymers’ matrix imparts special characteristics and allows their use as a composite coating for
better hardness, excellent corrosion resistance and
self-lubrication properties [9].

Structural S235 steels with comprehensive mechanical performances are widely used on dynamically
loaded and marine structures due to their good
strength, forming and welding abilities, and low costs
[1]. Although uncoated steels perform well in dry environments, they are highly susceptible to adhesive
wear and corrosion [2]. Electrostatically deposited
epoxy or polyester powder coatings show a better
performance in the protection of steel parts against
corrosion] [3–4]. Nevertheless, the wear resistance
of these thermoset polymers’ coatings is low, and the
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Several attempts have been made to improve the
wear properties of thermoset polymer coatings by
adding proper solid lubricant fillers [5, 10]. In this
regard, the frequently used friction and wear reducing
fillers, in most polymers, are polytetrafluoroethylene
(PTFE), graphite (Gr) and molybdenum disulfide
MoS2 powders [10–11]. Among all fillers, Gr is widely used as an efficient solid lubricant. In fact, under
sliding conditions, the shear force can easily break
the graphite structure due to the weak van der Waals
bonds between the graphite layers. The symmetrical
distribution of graphite flakes on the sliding surface
reduces direct contact between the composites and
steel counterparts [12]. Zouari et al. [10] concluded
a reduction in friction and wear with the incorporation of Gr fillers on polyester coatings deposited on
aluminium substrate. Chang et al. [13] found that
under standard testing conditions, the specific wear
rate of polyetherimide (PEI) filled with graphite was
800 times lower than that of a neat matrix. Similarly,
the epoxy matrix filled with graphite and/or carbon
nanotubes enhances the tribological properties of the
epoxy resin, by reducing the friction coefficient and
the wear rate of steel [14]. Friedrich [15] have
demonstrated that carbon-based fillers could significantly improve the wear properties of coatings by
improving the lubricating effect and strengthening
the matrix.
The effect of the incorporating carbon-based fillers
on the tribological properties of thermoset coatings
remains an open field for further research. Numerous
studies have been performed on the tribological properties of carbon/polyester composites coatings [4, 5,
10, 16–18]. However, the influence of graphite addition on the micromechanical, corrosion and scratch
behavior of thermoset coatings are still poorly understood [4, 5]. To our knowledge, no study has given

much attention to the correlation between the mechanical, corrosion and tribological properties of incorporating Gr fillers into polyester matrix coatings
on steel substrate. For this purpose, the current work
aims to investigate the effect of graphite addition on
the mechanical, adhesion and tribological performance of the polyester coatings. Special importance is
attributed to the corrosion resistance related to the
barrier effect of graphite fillers.

2. Materials and methods
2.1. Materials

A mild steel sheet (S235) machined to the dimensions of 100×80×2 mm3 was used as substrates. The
polyester powders resin purchased from KC-Kimia
society was used both with and without incorporating graphite (Gr) to coat the steel sample substrates.
This resin was designed to give good adhesion and
high corrosion resistance to metal substrates. The purity of the polyester powder resin was 99.9%. The
graphite obtained from Sigma-Aldrich with an average particle size of around ~20 microns was used as
a filler in the polyester coatings with three different
weight ratios (0, 5, 10 wt% Gr).

2.2. Substrate and polyester/Gr coatings
preparation
The application of polyester powder mixed with Gr
particles onto a substrate surface using the-electrostatic coating process requires only a simple experimental setup which is detailed in Figure 1. Before
depositing the coating, the steel substrate surfaces
were cleaned with acetone, then polished with a series of silicon carbide sandpapers. Subsequently, they
were roughened by sandblasting to a surface finish
Ra ≈ 3 µm, to promote adhesion between coatings to
steel surfaces. Then, the substrates were dried at

Figure 1. Schematic diagram detailing the electrostatic spray deposition process of polyester/Gr coatings.
477

EPL_0011712
N. Barhoumi et al. – Express Polymer Letters Vol.16, No.5 (2022) 476–487

60 °C for 24 h. Polyester resin powders were separately mixed with two different amounts of graphite
(5 and 10 wt%) in a plastic container rotating on
rollers at a rate of 100 rpm for 30 min. Pure powder
paint without Gr was used as control (0 wt% Gr).
The coatings were applied using an ITW GEMA
powder coating electrostatic gun. The potential of
the electrode is 60 kV. A high voltage corona discharge electric field was formed between the spray
gun and the workpiece, as shown in Figure 1. When
the polyester powder was ejected from the spray gun,
it interacted with many electrons to create charged
particles. Under the action of electrostatic attraction,
these charged particles adsorbed on the positively
charged workpiece.
Finally, the applied coatings were cured in a convection oven at 180°C for 25 min for melting and spreading over the substrate, followed by cooling to ambient temperature. The coatings thickness was measured
at about 44±2 µm using an Ecotest plus device gauge.

2.3. Composite polyester/Gr coatings
characterization
2.3.1. Structural characterization
The film composition and microstructure of the
PS/Gr coatings were evaluated using Scanning Electron Microscopy (SEM (SEM-JEOL JSM 6460LV))
equipped with an energy-dispersive X-ray spectroscopy (EDS) for chemical composition identification. The X-ray spectra were obtained at primary
beam energy equal to 20 keV for an acquisition time
of 120 s. The study of phase composition of the samples was performed using X-ray diffractometer
(Bruker D8 Advance). X-ray pattern data were gathered from 2θ = 10 to 70°.

The analysis of load-displacement graphs with the
Oliver and Pharr method [20] allowed the estimation
of the mechanical properties (Young’s modulus,
hardness of the film).

2.3.3. Adhesion testing
The film adhesion was investigated with a micro
scratch tester from CSM instruments (Anton Paar).
The indenter was equipped with a Rockwell diamond
tip with a radius of 200 μm. The test was performed
in a progressive mode in a loading range between
0.3 and 25 N along 3 mm of the length scratch to
study the adhesion behavior and to determine the film
critical loads. The scratch speed was 10 mm/min.
The tests were carried out in three consecutive steps:
pre-scan at 300 mN to determine the initial profile
of the samples. Then, progressive scan from 0 to 25 N.
During the scratch test, the penetration depth (Pd)
was recorded in real-time and post-scan at 100 mN.
The SEM was used to study the shape of the residual
deformations after scratch tests. Finally, the indenter
conducted a post-scan in a constant load of 300 mN,
and measured the residual depth (Rd) of the scratch.
After the test, the morphology of the scratch was examined by SEM. At least three progressive load
scratch tests were carried out for each sample.

2.3.4. Tribological characterization
Tribological tests were performed at a constant normal load using a multi-pass scratch test (an Anton
Paar CSM instruments) under a unidirectional loading over a sliding distance (d) of 3 mm. Each test
was done at a temperature equal to 22 °C and relative
humidity of 46%. The number of passes, the applied
load (Fn), and the sliding speed (V) were controlled
and fixed during wear testing. The applied normal
loads were 1 and 3 N. Tests were carried out during
100 passes for each load condition. Then, wear tracks
were examined by Scanning Electron Microscopy
(SEM). For each test, the wear volume was calculated by measuring the surface profile on the wear track.

2.3.2. Nano-indentation testing
The mechanical properties of the polyester-graphite
coatings (Hardness and Youngs’ modulus) were studied using the nano-indentation technique developed
by CSM instrument (Anton Paar). Tests were conducted with a nano-indenter equipped with a diamond
Berkovich tip with a nominal angle equal to 65.3°
and a nominal radius curvature of 20 nm. The maximum applied load was 10 mN and the penetration
depth was set to a value lower than 1/10th of the coating thickness to provide the real film properties and
avoid the substrate effect [19]. Fifteen measurements
at least were carried out for each coating to ensure
the reproducibility and repeatability of the results.

2.3.5. Corrosion testing
To investigate the corrosion resistance of polyester/
Gr coated steel, a potentiodynamic polarization test
was conducted on the coated specimens in comparison to the uncoated one in 3.5% NaCl aqueous solution using a VoltaLab Electrochemical Equipment
PGZ 301. Three electrodes were used for corrosion
measurements. Platinium foil was used as an auxiliary
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respectively (Table 1). These values are consistent
with the maximum penetration depth (hmax) of indentation on the surface of the 0% Gr-coated sample
(1.36 µm) being larger than that of the 10% Gr-coated sample (1.1 µm) (Figure 3a, Table 1). This indicates the improvement of penetration resistance by
the addition of Gr. Hence, the addition of graphitereinforced the polymeric matrix [21].
H/E and H3/E2 ratios which were used to assess film
resistance to elastic deformation [22], and to predict
the resistance to plastic deformation [23], respectively, are illustrated in Figure 3c and Table 1. Results
showed that the incorporation of graphite on polyester coating enhanced H/E and H3/E2 ratios, which
reveals a good resistance to elastic/plastic deformation and good wear resistance.

counter electrode, saturated calomel electrode (SCE)
as a reference, and the specimens acted as working
electrodes. The samples were polarized from –1.2 to
0.2 V with a scan rate of 10 mV/s.

3. Results and discussion
3.1. Structural characterization of
polyester/Gr coatings

The microstructure of the composites polyester/Gr
coatings are shown in Figure 2. The coatings were
dense and uniform. It is revealed that the Gr particles
were uniformly dispersed in the polyester matrix.
The Gr took the form of flake, and the number of Gr
particles rose from 5 wt% Gr (Figure 2b) to 10 wt%
Gr (Figure 2c). Typical EDS analysis confirmed the
presence of oxygen and carbon (Figure 2d). The
C content increased with the addition of graphite.
This result was proved by the analysis of the chemical composition of the coating’s surface using EDS,
as shown in Figure 2d. XRD curves show the patterns of polyester and the composite graphite/polyester coatings (Figure 2e). It was found that the composite coatings exhibited a strong diffraction peak at
2θ = 26.3°, corresponding to graphite fillers. In addition, the recorded XRD patterns indicated an increase in peaks intensities of graphite from 5 to
10 wt% Gr.

3.3. Adhesion behavior of polyester/Gr
coatings
Scratch tests with progressive load were used to investigate the adhesion behavior of the polyester/Gr
composite coatings and to evaluate their scratch resistance (Figure 4). Progression of scratching was
accompanied by successive degradations defined by
three different critical loads (Lc1, Lc2, Lc3) [24]. The
critical loads were determined by combining SEM
observations of scratch tracks and the measurements
of normal and tangential loads, as well as the penetration and residual depth during the scratch test. The
first critical load Lc1 corresponding to the appearance
of the first crack along the scratch pattern was mostly concentrated in its bottom, which indicates a cohesive failure. The second critical load, Lc2 is the applied normal load at which the extent of fracture
events increased both the bottom and the edge of the
scratch pattern, which led to the observed repeated
tensile cracking (adhesive failure); The third critical
load, Lc3 is the applied normal load at which the coating exhibited a catastrophic failure, and the scratch
damage becomes irregular and intense with the removal of the material with partial or complete coating delamination.
Figure 4 reports the trend of tangential force, penetration, and residual depth vs. normal force during the
scratch test and the related SEM images of the residual scratch tracks of the investigated coatings. A
purely elastic deformation took place at low applied
scratch loads, no scratch marks were detected along
the starting segment of the scratch track for each coating, as shown in Figures 4a, 4b and 4c. By augmenting

3.2. Mechanical properties of polyester/Gr
coatings
Nano-indentation test is useful for evaluating the micromechanical properties of coatings. Figure 3a
shows typical load-unload curves of polyester composite coatings prepared with 0, 5, and 10 wt% Gr.
The average value and standard deviation of microhardness (H) and elastic modulus (E) of each sample
are calculated from 5 indentation tests using the Oliver-Pharr approach [20] and summarized in Table 1.
During the loading and the unloading stages, the
penetration depth increased as a function of the applied load, and a plastic deformation occurred until
the maximum load corresponded to the maximum
penetration. All coatings showed an elasto-plastic
behavior with a sign of high elastic recovery for an
organic film (Figure 3a).
The addition of graphite increased the mechanical
properties of the polyester coatings (Figure 3b). The
values of hardness H and the elastic modulus E of the
samples increased from 235 MPa and 6.76·103 MPa
(0% Gr) to 645 MPa and 10.92·103 MPa (10% Gr),
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the normal load, as demonstrated in Figure 4, a sudden slope change in friction load and depth curves

related to first cracking phenomena were detected.
This cohesive failure (at Lc1) is confirmed by SEM

Figure 2. SEM analysis of polyester/Gr coatings: 0 wt% Gr (a), 5 wt% Gr (b), 10 wt% Gr (c); typical EDS spectrum and
atomic composition (d), and XRD pattern of coatings (e).
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Figure 3. Load-Penetration depth curves of polyester/Gr coatings (a), hardness and elastic modulus (b) and H/E and H3/E2
ratios (c).

Table 1. Nanoindentation values of polyester/Gr coatings.
Sample
0% Gr

5% Gr

10% Gr

H
[MPa]

235.3±5.7

387.4±6.9

645.8±8.5

E
[MPa]

H/E

H3/E2
[MPa]

hmax
[µm]

0.047

0.85

1.23

6.76·103±0.14

0.034

10.92·103±0.32

0.058

8.23·103±0.15

0.28

2.23

1.36

1.10

occurred [25]. The adhesion strength obtained with
the scratch test was calculated using the Equation (1):

image (Figure 4a’, 4b’ and 4c’). When the applied
load increased, the track demonstrated a propagation
of micro-cracks, which indicates the adhesive failure
(at Lc2). At the highest critical load Lc3, a partial delamination was obtained.
Unfilled polyester coatings showed only cracks and
plastic deformation at the end of the scratch track
(Figure 4a’), no coating delamination was observed.
The adhesive failure took place at Lc2 equal to 20 N.
This result indicates that pure polyester exhibits good
adhesion to the steel substrate. The Gr embedded in
the polyester matrix reduced the adhesion of composite coatings. The addition of 5 wt% of Gr to the
polyester matrix (Figure 4b and 4b’) led to the appearance of cracks at a critical force Lc1 lower than
that of the unfilled polyester coatings. In addition, it
led to a damage of the coating at the end of the groove
Lc3. Similar results can be detected with the addition
of 10 wt% of Gr to the polyester matrix (Figures 4c
and 4c’). Then, a change in the damage mode can be
observed by the appearance of parabolic fractures
whose density and length increase with the normal
force (Figure 4c’). The tensile cracks coatings were
relatively large. The critical loads (Lc1, Lc2 and Lc3)
of polyester coating and its composites are summarized in Table 2.
During the scratch test, when the interfacial shear
stresses were accumulated and sufficiently higher
than adhesion forces, the delamination of the film

vc =

2Pc R4 + j f W 3rn
- R1 - 2j f W&
2#
8
rd c

(1)

where Pc is the critical load of spalling, dc is the critical width of the scratch, μ is the friction coefficient,
ϑf is the Poisson’s ratio of the film. The obtained values of the adhesion strength of coatings are given in
Table 2.
For the neat polyester powder coating, only the first
two failure events occurred. The addition of Gr to
the polyester matrix reduced the critical loads, which
could be related to the weakened adhesion at the
polyester /graphite interface at high particulate filler
content [26]. These results agree with previous work
[10]. Despite the reduction of the critical loads of the
polyester coating under the addition of Gr, the composite polyester/graphite coatings with high mechanical properties revealed a good and an appropriate
adhesion behavior with a cohesive critical load
greater than 7 N and an adhesion strength higher
than σc = ~215 MPa.

3.4. Wear performance of polyester/Gr
coatings
A multi-pass sliding scratch test was performed on
polyester/Gr coatings to evaluate their friction behavior and wear resistance. The wear tracks obtained
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Figure 4. Variation of the tangential load, penetration and residual depths of coatings versus applied load (a, b, c) SEM micrographs of scratch tracks of the coatings (a’ b’ c’).
Table 2. Values of measured critical loads of different polyester/Gr coatings.
Samples
0% Gr

5% Gr

10% Gr

When first cracks appeared, Lc1
13.00±0.17

10.10±0.20
7.00±0.13

Critical loads
[N]

Propagation of cracks, Lc2
20.1±0.30

13.0±0.10
9.4±0.14

482

Delamination, Lc3
–

17±0.25

16.7±0.19

σc
[MPa]

944±18

373±11

215±9
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Figure 5. SEM images of the wear track profiles of the polyester/Gr (0, 5 and 10 wt%) coatings at the applied load 1 and
3 N after 100 cycles.

under 100 sliding cycles at constant loads of 1 and
3 N were examined using SEM. The applied load
was lower than the cohesive failure load (Lc1) of the
coatings.
Figure 5 illustrates the SEM images of the damage
present on the surfaces of the coatings using loads
of 1 and 3 N. For the unfilled polyester coating
(Figure 5a and 5a’), the SEM observation revealed
significant plastic deformation in the track center and
the appearance of extensive cracks located at the
edge and the bottom of the wear pattern. In addition,
it can be noticed in Figure 5 that the wear track of
the 0% Gr coated sample was the widest, and its average width was 149 and 208 µm for 1 and 3 N, respectively.
After the incorporation of 5 wt% Gr, the asperities
of the softer surface were easily deformed, and the
crack’s magnitude located along the wear track decreased (Figure 5b and 5b’). The severity of the initial

wear mechanism attenuated in polyester coatings
with the increase of the Gr fillers content. After the
addition of 10 wt% of Gr (Figure 5c and 5c’), the
composite coating became stiff. Hence, the widths
of the wear tracks decreased by up to 35% and
reached a value of 90 and 135 µm for 1 and 3 N, respectively. Similar results were found by Shah et al.
[27], authors have demonstrated that the addition of
graphene enhances the frictional and wear properties
of epoxy resin.
The possible wear mechanism of polyester/Gr coatings deposited on steel substrates is shown in a
schematic diagram in Figure 6. Two different scratch
failure mechanisms can be proposed and schematically described. Under normal load, the unfilled polyester coatings were easily plastically deformed and
susceptible to cracking. This phenomenon led to the
formation of large cracks and cavities inducing chipping, which led to adhesive wear mechanisms. This

Figure 6. Schematic representation of the possible wear mechanisms of polyester/Gr coatings after wear test.
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wear process evolves in the formation of adhesion
junction, its growth and fracture [28].
The addition of Gr fillers to polyester coatings acted
as a lubricating layer to protect the substrates from
serious wear. As a result, the SEM image showed
limited cracks and some cavities that produce only
cohesive wear.
The results of wear tests in terms of static friction coefficient and wear volume are illustrated in Figure 7.
The evolution of the static friction coefficients of the
coatings is presented as a function of the number of
cycles for 1 and 3 N in Figure 7a and Figure 7b, respectively. The presence of Gr caused the decrease
of the average static friction coefficient. The addition
of 5 wt% Gr to the polyester matrix reduced the static friction coefficient from 0.485 to 0.232 at the two
applied loads. A similar result was obtained for the
10% Gr coatings at the applied load of 1 N. For a load
of 3 N, a drop in the static friction coefficient from
0.485 in the case of net polyester to a value of 0.3
was noticed when the mass fraction of Gr was 10%.
After 100 sliding cycles, the evolution of the static
friction coefficient and wear volume of the thermosetting composites powder coatings vs. loads of
1 and 3 N is reported in Figure 7c and Figure 7d, respectively. It can be noticed that the incorporation of
Gr particles to the polyester matrix resulted in a more
significant static friction coefficient and wear volume reduction. Consequently, the Gr enhanced the

wear resistance of the polyester coating. The volume
loss of the polyester coating decreased with the increase of the amount of Gr. The composite coated
samples were able to distribute and absorb the load
since their surfaces were flexed. Therefore, they exhibited self-lubrication and low wear. which is in
perfect agreement with the results of the SEM of
wear track (Figure 5).
Consequently, it can be concluded that the surfaces
acquired self-lubricating properties leading to an increase in the wear resistance of the polyester coating.
This finding shows a perfect agreement with the previous hardness results (Figure 3). As a hard phase in
the soft polymer matrix, graphite powders can reduce the plastic deformation of the coating.

3.5. Anti-corrosion performance of
polyester/Gr coatings
The dynamic potential polarization curves of different coatings immersed in 3.5 wt% NaCl solution for
1 hour are shown in Figure 8, and the specific data
(Table 3) are obtained by Tafel fitting of these curves.
The corrosion resistance of the coating can be described in detail by the electrodynamic polarization
curve, and the lower polarization current indicates
the better corrosion resistance [29].
The corrosion potentials (Ecorr) and the corrosion
current densities (icorr) values of the steel were
–0.739 V vs. SCE and 1620 µA·cm–2, respectively.

Figure 7. Static friction coefficient plot for a load of 1 N (a) and 3 N (b) of polyester/Gr coatings, Bar graph of static friction
coefficient (c) and wear volume (d) at load 1 and 3 N after 100 passes of polyester/Gr coatings.
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Figure 8. Potentiodynamic polarization curves of steel and coatings in 3.5 wt% NaCl solution (a) and the corrosion protection
mechanism of (b) 0 wt% Gr, (c) 5 wt% Gr and (d) 10 wt% Gr.
Table 3. Electrochemical parameters for steel (substrate) and polyester/Gr coatings obtained from polarization curves.
Uncoated steel (substrate)

Ecorr
[V]

Coatings

0.739

Coated steel with Polyester/0 wt% Gr

0.603

Coated mild steel with Polyester/5 wt% Gr

0.567

Coated mild steel with Polyester/10 wt% Gr

0.492

4. Conclusions

The deposition of PS coatings enhanced Ecorr to
–0.603 V and reduced icorr to 13.1 µA·cm–2. The
coatings with 5 and 10 wt% Gr significantly enhanced Ecorr to –0.567 and –0.492 V, and reduced
icorr to 1.2 and 0.129 µA·cm–2, respectively. This indicates that the graphite particles dispersed in the
polyester coating could significantly retard the penetration of corrosive ions to the metal matrix, thus
greatly improving the corrosion resistance. Therefore, the coating with 10 wt% of graphite is of the
lowest corrosion velocity (1.45 µm·y–1).
Figures 8b–8d illustrate the corrosion protection mechanism of unfilled and filled polyester coatings by Gr
particles. For pure polyester coating (Figure 8b), corrosive electrolytes can easily pass through the micropores onto the steel surface and form corrosion
products. Thus, reducing the corrosion resistance of
the coating.
The graphite can slightly block the penetration of
corrosive ions to the steel surface due to stacked
structure and the large particle size (Figure 8c and
8d). Consequently, the barrier effect was greatly enhanced by the graphite addition for better corrosion
resistance.

icorr
[µA/cm2]

1620.000

13.100

1.200

0.129

Vcorr
[μm/y]

7890.00

95.00

12.12

1.45

In this study, protective polyester-based composite
coatings were developed and applied on structural
steel S235 substrate using the electrostatic powder
spraying process. The influence of graphite content
(5 and 10 wt%) on the mechanical, adhesion, tribological and corrosion performance of polyester coatings was investigated by nano-indentation, scratch
test, SEM and Cyclic Voltammetry. The following
conclusions are drawn from the experimental results:
– The composite coatings exhibited a compact structure consisting of graphite uniformly dispersed in
polyester matrix.
– The nano-indentation test showed that the graphite
content enhances the hardness and the Young’s
modulus of polyester coating.
– Good resistance to adhesive and cohesive failure
was found for the polyester coatings and their
composites filled with graphite. The incorporation
of graphite until 10% reduces the critical loads of
polyester coatings, but the adhesion was satisfied.
– The coated steel surfaces acquired self-lubricating
properties due to the addition of graphite, leading
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to an increase in the wear resistance and a significant reduction of the static friction coefficient.
– After the wear tests, the severity of wear mechanisms of polyester coatings with the incorporating
graphite was attenuated and passed from adhesive
wear to cohesive wear.
– The corrosion protection ability of the polyester
coatings was significantly improved by the incorporation of graphite due to its barrier role.
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