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Ultra-high molecular weight polyethylene (UHMWPE) is the dominant bearing material
used in total hip arthroplasty. However, its low stiffness and susceptibility to long-term
deformation under cyclic loading limit its structural reliability for load-bearing
applications. In this study, self-reinforced UHMWPE composites were fabricated by
incorporating UHMWPE fibers into a UHMWPE matrix at fiber loadings of 0-40 wt.%
using thermo-compression moulding. A systematic assessment was conducted of the
effects of fiber loading on the prepared composites, following composite preparation, by
examining microstructure, mechanical properties, and tribological performance.
Differential scanning calorimetry (DSC) indicated that the addition of moderate levels of
10 wt.% fiber increased the level of crystallinity within the UHMWPE matrix. In contrast,
at higher levels, the fiber loading resulted in restricted molecular chain movement,
adversely affecting crystalline development. The tensile strength of the composite
increased from 33 MPa for the neat UHMWPE to 121 MPa when incorporating 40 wt.%
fiber, and likewise, the elastic modulus improved from 0.32 to 2.47 GPa. Similar
improvements due to fiber reinforcement were observed for both flexural modulus and
impact resistance testing. Conversely, the elongation of the composites decreased with
increasing fiber concentration, indicating a transition from matrix-dominated ductility to
fiber-dominated stiffness. Tribological performance under dry sliding conditions (40 N,
360 m) was optimal when tested with 20 wt.% fiber, which provided both the lowest wear
coefficient (2.67 x 10 mm3/N-m) and the lowest friction coefficient (0.168). These
results indicate that the maximum structural reinforcement of the fiber composites occurs
at 40 wt.% fiber, although optimal tribological stability occurs at 20 wt.% fiber,
indicating the potential for tailoring the fiber loading to match the functional aspects of a
specific orthopedic application.

1. INTRODUCTION

material homogeneity and compatibility are vital [5].
Recently, self-reinforced UHMWPE composites, in which the

Ultra-high molecular weight polyethylene (UHMWPE) is
widely used in orthopedic and engineering applications due to
its superior wear resistance, chemical stability, low coefficient
of friction (COF), and established biocompatibility [1]. In hip
replacement surgeries, UHMWPE has been primarily used for
the acetabular cup component of hip implants due to its
tribological advantages [2]. However, the low stiffness and
tendency of this material to undergo long-term deformation
under cyclic physiological loading are major drawbacks for
load-bearing applications in orthopedic devices [3]. To
overcome the aforementioned limitations, various
reinforcement techniques, such as incorporating carbon, glass,
and ceramic materials, have been investigated to enhance the
stiffness and hardness of UHMWPE [4]. However, the
addition of other materials to the polymer matrix can lead to
interfacial incompatibility and structural heterogeneity, which
are undesirable for biocompatible materials, where long-term
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material serves as both the matrix and the fiber, have been
developed by embedding UHMWPE fibers in a UHMWPE
matrix. Such composites are expected to overcome these
limitations of UHMWPE while maintaining material
homogeneity [6]. Several studies have demonstrated the
potential of self-reinforced UHMWPE composites to enhance
selected mechanical properties [7]. However, systematic
correlations  between  microstructure and  combined
tribological-mechanical performance across a broad range of
fiber contents remain limited in the available literature [8].
Many of the previously conducted research studies (on
mechanical improvement) have placed significant emphasis
on either investigating the isolated improvement of
mechanical properties and/or looking at basic microstructural
characteristics. As such, no one has attempted to develop an
overall framework for evaluating thermal, mechanical, and
tribological behaviour concurrently across a systematically
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varied range of fiber contents. In addition, limited attention has
been paid to developing a property-dependent optimization
strategy that distinguishes between structural load-bearing
enhancement and wear-resistance requirements for orthopedic
applications.  Therefore, a clear structure—property—
performance relationship tailored to hip joint components
remains insufficiently defined in the existing literature. With
this background, the present work aims to develop self-
reinforced composites of UHMWPE with fiber content
ranging from 0 to 40 wt.% and to characterize the composites
with respect to their microstructural, tribological, and
mechanical properties.

2. MATERIALS AND METHODS

UHMWPE powder was used as the matrix, while
UHMWPE fibers of the same material served as
reinforcement. The fiber content was adjusted to 0, 10, 20, 30,
and 40 wt.% to examine how the reinforcement fraction
influences the structural, mechanical, and tribological
behavior of the resulting composites. For each composition
and test, three specimens were evaluated (n = 3), and the
reported values represent average measurements.

2.1 Fabrication method

Raw Materials
(UHMWPE powder + UHMWEPE fibers)

l

Mold Preparation

(Cleaning + Release layer)

l

Layered Assembly

(Powder — Fibers — Powder)

!

Hot Pressing
(145°C, 10 MPa, 1 h)

!

Cooling to Room Temperature |

!

Specimen Preparation J

|

| Mechanical & Tribological Testing I

Figure 1. Schematic flow diagram of the fabrication process
of self-reinforced ultra-high molecular weight polyethylene
(UHMWPE) composites using thermo-compression molding

The composites were produced using thermo-compression
molding. A steel mold (160 x 100 x 4 mm) was cleaned with
acetone before each fabrication cycle. To facilitate demolding,
a thin release film was applied to the inner mold surfaces. For
the neat material, UHMWPE powder was simply poured into
the mold cavity. In the case of fiber-reinforced specimens, a
layered arrangement was used. A uniform layer of powder was
first spread at the base of the mold, after which the UHMWPE
fibers were carefully positioned. A second powder layer was
then added to ensure adequate matrix penetration during
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consolidation. The filled mold was placed in a hot press and
consolidated at 145 °C under a pressure of 10 MPa for 1 h. At
this temperature, the powder softened sufficiently to bond
around the fibers and form a compact structure. After pressing,
the mold was left to cool naturally to room temperature before
the plates were removed. The flow diagram of the fabrication
process is shown in Figure 1.

2.2 Thermal analysis

Melting behavior was evaluated using differential scanning
calorimetry (DSC). Approximately 5 mg of each specimen
was heated to 300 °C at a rate of 10 °C/min in sealed aluminum
pans.

2.3 Chemical and morphological characterization

Fourier transform infrared (FTIR) spectroscopy was used to
examine possible chemical changes in the matrix and
composites. Surface morphology was observed using field-
emission scanning electron microscopy (FESEM).

2.4 Mechanical and tribological testing

Density was measured according to ASTM D792 [9] using
Archimedes’ method. Hardness was determined using a Shore
D durometer [10]. Tensile and flexural properties were
evaluated in accordance with ASTM D638 [11] and ASTM
D790 [12], respectively, while impact resistance was
evaluated using standard methods for polymer composite
testing [13]. Tribological performance was assessed under dry
sliding conditions according to ASTM G133 [14], using a 5
mm ceramic counterbody under a 40 N load. Sliding was
performed at a 0.10 m/s over a total distance of 360 m. The
COF was continuously recorded, and wear volume as well as
specific wear rate were calculated.

3. RESULTS AND DISCUSSION

Research data demonstrate that the inclusion of fiber in self-
reinforced UHMWPE composites has profound effects on
various composite properties, including thermal, structural,
mechanical, and tribological behavior, and how these
properties respond to variations in the amount of fiber in the
composite. While each mechanical property improved as fiber
concentration increased, it did so along distinct paths and
reached its optimal level at different levels of
reinforcement/fiber content. In addition, fiber additions at low
to moderate levels increase crystallinity and wear resistance,
whereas at high levels, there is greater improvement in
modulus of elasticity, ultimate tensile strength, and impact
resistance. These trends indicate that, relative to mechanical
performance, tribological performance is primarily dominated
by fibers at greater-than-average reinforcement levels,
whereas tribological performance is optimized at intermediate
fiber levels. These results emphasize the need to select an
appropriate fiber content based on the performance
requirements of the orthopedic component.

3.1 Differential scanning calorimetry analysis of ultra-high
molecular weight polyethylene composites

Table 1 summarizes the DSC data obtained for neat



UHMWPE and the fiber-reinforced compositions. The pure
material exhibits a melting temperature of 143.64 °C and a
crystallinity of 29.13%, which falls within the expected range
for UHMWPE [15]. After adding 10 wt.% fiber, the enthalpy
of fusion increases to 117.42 J/g, and the calculated
crystallinity rises to 40.08%. This change suggests that a small
amount of fiber influences the polymer's solidification. One
possible explanation is that the oriented fibers act as physical
sites that assist the surrounding chains in forming crystalline
regions during cooling [16]. Similar observations have been
reported in earlier studies on the self-reinforced UHMWPE
system [7]. When the fiber fraction exceeds 20 wt.%, the trend
changes. At 30 wt.% and 40 wt.%, the crystallinity decreases
to 19.33% and 16.89%, respectively. In these compositions,
the higher amount of reinforcement appears to limit chain
mobility inside the matrix. With less freedom to rearrange
during cooling, the polymer chains cannot form crystals as
efficiently. A reduction in crystallinity at high reinforcement
levels has also been reported in other studies of thermoplastic
composites [17]. The DSC thermograms are presented in
Figure 2.

Table 1. DSC results of UHMWPE composites

Composite Material Tm (°C) Hun (J/g) Xe (%)
Pure UHMWPE 143.64 85.33 29.13
UHMWPE + 10% fiber 134.91 117.42 40.08
UHMWPE + 20% fiber 138.38 102.07 34.84
UHMWPE + 30% fiber 135.90 56.63 19.33
UHMWPE + 40% fiber 136.01 49.50 16.89

Note: DSC = differential scanning calorimetry, UHMWPE = ultra-high
molecular weight polyethylene, T,, = melting temperature, H,, = enthalpy of
fusion, X; = degree of crystallinity.

DsSC
mw

0.00

Peak
Onset
Endset
Heat

14384C
137.18C
147.76C
-418.09 mJ

Peak 219.75C
20342C
231.59C

547.83mJ

Onset
Endset
Heat

-10.00

-20.00

100.00 200.00 300.00

Temp [C]

(a) DSC of neat UHMWPE

DSC
mw
0.00

Peak 13481C
12867C
139.89C

-569.58 mJ

Endset

-10.00 Heat

-20.00

100.00 200.00 300.00

Temp [C]

(b) DSC of composite containing 10 wt.% fiber

507

DSC
mw
0.00
Peak 13838C
Onset 131.06C
-10.00 Endset 14391¢C
Heat -484 83 mJ
-20.00
100.00 200.00 ©300.00
Temp [C]

¢) DSC of composite containing 20 wt.% fiber
(©) p g

DSC
mw
0.00

-5.00/

Peak
Onset

13580C
129.76C
-10.00/

Endset
Heat

14072C
=277.50 mJ

-15.00,

-20.00

200.00 300.00

Temp [C]

100.00

of composite containin wt.% fiber
(d) DSC of composi ining 30 wt.% fib

DSC
mw

0.00

-5.00

136.01C
12051¢C
140.18C
-232.69 mJ

Peak
Onset
Endset

-10.00 Heat

-15.00;

100.00 200.00

Temp [C]

300.00

(e) DSC of composite containing 40 wt.% fiber

Figure 2. DSC thermograms of neat UHMWPE and self-
reinforced UHMWPE composites at different fiber weight

fractions
Note: DSC = differential scanning calorimetry; UHMWPE = ultra-high
molecular weight polyethylene.

3.2 Fourier transform infrared analysis of ultra-high
molecular weight polyethylene composites

The consistent spectral characteristics suggestive of
polyethylene are observed with pure UHMWPE, UHMWPE
fiber, and composites with 10%, 20%, 30%, and 40% fiber
concentrations. The FTIR spectra are presented in Figure 3.
All spectra in the range associated with C—H stretching
vibrations show strong absorption peaks: the symmetric
stretching of —CH>— occurs near 2850 cm™ and the asymmetric
stretching near 2920 cm™. These peaks indicate the presence
of methylene groups, which are the most prevalent in the



material composition and support long aliphatic chains.
Although CH: rocking motions generate a sharp peak at
around 720 cm™, CH: bending (scissorsing) vibrations cause
a medium-intensity peak often seen at about 1460 cm™. These
spectral fingerprints persist across all mixed samples,
therefore supporting the theory that, even with fiber
augmentation, the UHMWPE structural integrity is
maintained [18]. Similar CHz-related peaks observed in the
spectrum of the fiber only indicate that the strengthening fibers
share the same chemical composition as the UHMWPE matrix
[8]. In fibers and composites with a lot of fiber, however, there
are occasionally weak and broad absorptions at about 3300
cm', and there might be shoulders close to 1620 cm™. Under
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typical preparation conditions, UHMWPE is not expected to
show O-H or C=O0 peaks. Thus, they are probably caused by
tiny surface oxidation or moisture absorption rather than actual
alterations in functional groups. As the fiber content grows
from 10% to 40%, a slight decrease in the relative intensity of
CH: peaks suggests the reduced polyethylene mass fraction in
the composite composition. The lack of new functional groups
or odd absorption bands in any of the specimens confirms that
the composite formation is just physical. The molecular
structure of UHMWPE stays unchanged, and the fiber
incorporation causes only minor alterations to its chemistry
[19].
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Figure 3. FTIR spectra of neat UHMWPE, UHMWPE fiber, and self-reinforced UHMWPE composites containing different fiber
weight fractions
Note: FTIR = Fourier transform infrared, UHMWPE = ultra-high molecular weight polyethylene.
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Figure 4. FESEM micrographs of neat UHMWPE and fiber-reinforced UHMWPE composites at different magnifications
Note: FESEM = field-emission scanning electron microscopy, UHMWPE = ultra-high molecular weight polyethylene.

3.3 Morphological analysis differences between neat UHMWPE and the fiber-reinforced
composites. In the case of neat UHMWPE, the fracture surface
The FESEM micrographs in Figure 4 reveal clear appears relatively smooth and continuous at both
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magnifications. The surface morphology is typical of
semicrystalline polyethylene, in which plastic deformation
dominates fracture behavior [3]. No secondary phase or
structural discontinuity is observed in the pure polymer
sample.

When 20 wt.% UHMWPE fibers are introduced into the
matrix, the fracture surface changes noticeably. The fibers are
visible within the matrix and appear to be reasonably
dispersed. The surface becomes rougher than that of neat
UHMWPE, as expected due to the presence of reinforcement.
In several areas, fibers remain embedded within the matrix,
whereas in other regions, limited fiber pull-out is observed.
This behavior indicates that load transfer between the matrix
and the fibers occurs, although complete interfacial bonding is
not achieved in every localized region [7]. At 40 wt.% fiber
content, the density of reinforcing elements increases
significantly. The microstructure becomes more complex, and
the fracture surface is dominated by fiber-related features. In
some areas, small interfacial gaps and partial debonding are
observed. Such features are commonly reported in short-fiber-
reinforced polymer systems at higher reinforcement ratios,
where local stress concentrations may develop [20].
Nevertheless, most fibers remain integrated within the matrix.

Overall, the progressive transition from a smooth polymer
surface to a fiber-controlled fracture morphology provides
structural support for the observed improvement in stiffness
and strength with increasing fiber content. Similar
morphological trends have been reported for polyethylene-
based composite systems reinforced with fibers [7].

3.4 Density of ultra-high molecular weight polyethylene
composites

The density values vary with fiber content. Neat UHMWPE
shows a density of 0.937 g/cm?, which falls within the normal
range reported for this material [15]. After adding 10 wt.%
fiber, the density decreases to 0.9034 g/cm?. This reduction
may be related to incomplete packing between the powder and
the fibers during consolidation. At this level, the fiber amount
may not be sufficient to form a continuous structure inside the
matrix [21]. When the fiber content increases to 20 wt.% and
30 wt.%, the density slightly increases to 0.9087 g/cm® and
0.9129 g/cm?®. This suggests that the internal structure becomes
more compact as the reinforcement level rises. At 40 wt.%
fiber, the density reaches 0.9496 g/cm?, which is higher than
that of neat UHMWPE. The density values are shown in
Figure 5.
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Figure 5. Density of composite material as a function of
ultra-high molecular weight polyethylene (UHMWPE) fiber
(wt.%)
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This result indicates improved consolidation and reduced
internal voids at higher fiber content [22]. However, density
alone cannot fully explain the mechanical behavior and should
be considered together with other structural observations [20].

3.5 Hardness of ultra-high molecular weight polyethylene
composites

The neat UHMWPE sample has a hardness of 59.56 Shore
D, which is consistent with typical values reported for this
polymer [2]. The hardness values are shown in Figure 6.
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Figure 6. Hardness of composite material as a function of
ultra-high molecular weight polyethylene (UHMWPE) fiber
(Wt.%)

When 10 wt.% fiber is added, the hardness rises slightly to
60.02. The increase continues at 20 wt.% and 30 wt.%,
reaching 60.12 and 61.2, respectively. At 40 wt.% fiber
content, hardness reaches its maximum, approximately 62
Shore D.The increase is gradual rather than sharp. This
indicates that the fibers increase indentation resistance, but the
effect is modest. As fiber content increases, the material
becomes slightly stiffer at the surface. This may be because
the reinforcing phase reduces local deformation under the
indenter [23]. Although the change in hardness is small, the
trend is consistent. The results suggest that increasing fiber
content improves surface resistance, but hardness alone is
insufficient to assess overall performance [24]. Other
properties, such as wear and tensile behavior, should also be
considered.

3.6 Tensile properties of ultra-high molecular weight
polyethylene composites

3.6.1 Stress-strain curves

The stress-strain curves of neat UHMWPE and the fiber-
reinforced composites are shown in Figures 7 and 8. The neat
UHMWPE specimen exhibits typical ductile polymer
behavior [4], characterized by a distinct yield region followed
by extensive plastic deformation before fracture. After
incorporating UHMWPE fibers, the overall shape of the
curves changes progressively. At 10 wt.% fiber, the slope of
the initial elastic region increases noticeably, indicating higher
stiffness compared to the neat matrix. As the fiber content
increases to 20 wt.% and above, the curves become
increasingly linear and less elongated, particularly at 30 wt.%
and 40 wt.% fiber. At higher reinforcement levels, the plastic
deformation region becomes shorter, and fracture occurs at
lower strain values. This behavior suggests that the reinforcing
fibers limit molecular chain mobility and thereby enhance
stress transfer within the composite structure [7].



Stress (MPa)

-

30 4

20 A

10 A

100
Strain

200

300

/

Figure 7. Stress-strain of pure ultra-high molecular weight

polyethylene (UHMWPE)

/"~ 130 -
120 -
110 -
100 -

Stress (MPa)
3

10%
20%
—@=30%
== 40%

5 .
Strain

10

15
/

Figure 8. Stress-strain of composite material as a function of
ultra-high molecular weight polyethylene (UHMWPE) fiber
(wt.%)

3.6.2 Tensile strength and elastic modulus of ultra-high
molecular weight polyethylene composites

As shown in Figures 9 and 10, the addition of fiber increases
the tensile strength and elastic modulus until a peak is reached.
The tensile strength of a pure UHMWPE polymer is
approximately 33 MPa, and its elastic modulus is 0.32 GPa,
typical for UHMWPE matrices [15]. When a 10 wt.% fiber
loading is introduced, the resulting tensile strength is 49 MPa,
an increase of nearly 48% over the pure polymer matrix. At
the same time, the elastic modulus increases to 1.48 GPa,
indicating a significant increase in stiffness at lower fiber
loading levels. As additional fiber is incorporated into the
system, the mechanical properties continue to improve. At the
40 wt.% fiber loading level, the tensile strength reaches 121
MPa, and the elastic modulus reaches 2.47 GPa. The resultant
enhancement represents an increase of more than three times
the tensile strength of the pure UHMWPE polymer.

Thus, the improvement in mechanical properties can be
attributed to the more effective load transfer from the polymer
matrix to the fiber reinforcement, which will serve to support
more of the load as the level of fiber loading is increased.

3.6.3 Elongation of ultra-high molecular weight polyethylene
composites

Elongation to failure is not linearly proportional to fiber
content, as shown in Figure 11. The UHMWPE in the neat
form exhibits very high ductility, with an elongation to break
of approximately 310% [2]. However, once 10 wt.% fiber is
added to the composite, there is a large decrease in elongation
to approximately 103%, which indicates that the plastic
deformation of the material has been highly restricted. When
the fiber content is increased to 20 wt.%, there is a substantial
increase in elongation back to about 217%. This indicates a
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partial recovery of the ductility of the composite, suggesting
that the matrix is still being effectively engaged in the
deformation process, leading up to failure at an intermediate
fiber reinforcement level. Additionally, because the fiber is
more uniformly distributed throughout the composition, there
may be fewer opportunities for stress concentrations to
develop within the composite before failure, allowing greater
strain to develop [25].
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Figure 9. Tensile strength of composite material as a
function of ultra-high molecular weight polyethylene
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Figure 11. Elongation of composite material as a function of
ultra-high molecular weight polyethylene (UHMWPE) fiber
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As further increments of fiber are added to the composite,
elongation again decreases to approximately 104% at 30 wt.%
fiber content and subsequently to a minimum of approximately
24% at 40 wt.% fiber content. At these high levels of fiber
reinforcement, deformation is primarily governed by the
stiffness of the fiber network rather than by the matrix's plastic



flow. The nonlinear trends in elongation to failure are
consistent with similar reports on fiber-reinforced
thermoplastic composites, in which the overall ductility of a
composite depends on maintaining matrix continuity and on
the balance of matrix and reinforcement dominance [26].

The overall ductility of the composite will be reduced with
increasing fiber reinforcement; however, the composite will
not exhibit an abrupt transition to brittle fracture [24]. Thus, it
is likely that a mechanical transition to a much stiffer, but still
mechanically stable, composite will occur during this process
of fracture.

3.7 Flexural properties of ultra-high molecular weight
polyethylene composites

Flexural strength varies with fiber content in a non-linear
manner, as illustrated in Figure 12. Neat UHMWPE shows a
flexural strength of approximately 12 MPa. With 10 wt.%
fiber, the value decreases slightly to approximately 11.3 MPa,
which may be attributable to localized stress concentration at
low reinforcement levels [27].
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Figure 12. Flexural strength of composite material as a
function of ultra-high molecular weight polyethylene
(UHMWPE) fiber (wt.%)

At 20 wt.% fiber content, the flexural strength increases to
about 13.8 MPa, indicating improved stress distribution within
the composite.

A minor fluctuation appears at 30 wt.% (13 MPa), while a
marked increase is observed at 40 wt.% fiber, where the
strength reaches nearly 21.7 MPa. This noticeable
improvement at higher fiber loading suggests that the
reinforcing phase becomes more effective at carrying bending
stresses as its continuity within the matrix increases, a trend
commonly observed in fiber-reinforced thermoplastic systems
[28]. Flexural modulus increases with fiber addition, as shown
in Figure 13. Neat UHMWPE exhibits a modulus of
approximately 0.22 GPa. With 10 wt.% fiber, the modulus
increases to approximately 0.31 GPa, whereas at 20 wt.%, it
remains close to 0.30 GPa. A more pronounced increase
appears at 30 wt.% fiber, where the modulus reaches nearly
0.62 GPa. At 40 wt.% fiber, the value decreases slightly to
approximately 0.59 GPa, yet it remains significantly higher
than that of the neat matrix. The overall increase reflects the
higher stiffness of the reinforcing phase and its growing
contribution to resisting bending deformation [29]. As
discussed in studies on thermoplastic composites, flexural
stiffness is strongly affected by reinforcement continuity and
effective stress transfer across the interface.

With increasing fiber content, flexural strain decreases, as
shown in Figure 14. The strain value for neat UHMWPE is

512

approximately equal to 0.038. With the addition of 10 wt.%
fibers, the strain decreases to approximately 0.026. At 20 wt.%
fiber content, the strain increases slightly to approximately
0.031. There is still a large contribution towards the
deformation from the polymer matrix. When 30 wt.% fibers
are added, the strain is at its minimum, approximately 0.017.
At 40 wt.% fiber content, this results in an approximate strain
of 0.024; thus, the addition of fibers has a direct effect on the
strain behaviour of the composite. Overall, the decreasing
strain behaviour of a composite is a result of the increasing
molecular chain mobility constraint and the associated
increase in structural constraint as the fiber network becomes
a larger percentage of the overall composite system [24].
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Figure 13. Flexural modulus of composite material as a
function of ultra-high molecular weight polyethylene
(UHMWPE) fibers (wt.%)
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Figure 15. Maximum shear stress of composite material as a
function of fiber (wt.%)

Maximum shear stress exhibits a gradual increasing
tendency with fiber loading (Figure 15). Neat UHMWPE
shows a value of approximately 0.38 MPa. At 10 wt.% fiber,



the value is 0.36 MPa; at 20 wt.% fiber, it increases to
approximately 0.43 MPa. A small fluctuation appears at 30
wt.% (~0.41 MPa), followed by a marked rise at 40 wt.% fiber,
where the shear stress reaches approximately 0.67 MPa.

The increase at higher reinforcement levels suggests
improved resistance to shear deformation during bending [30].
Enhanced interfacial interaction between fibers and matrix
likely contributes to better load transfer under combined
tensile and shear stresses.

3.8 Impact strength and fracture toughness of ultra-high
molecular weight polyethylene composites

The material's impact resistance increases with the rate of
fiber inclusion, as shown in Figure 16. The impact resistance
of the non-reinforced UHMWPE is approximately 0.020
J/mm?; at a fiber content of 10 wt.%, this increases to about
0.022 J/mm?. At 20 wt.%, this increases to approximately
0.033 J/mm?, and again at 30 wt.% to approximately 0.039
J/mm?. The maximum impact resistance at 40 wt.% is just over
0.052 J/mm?, indicating that the impact resistance of the
reinforced composite is more than twice that of the non-
reinforced matrix.
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Figure 16. Impact strength of composite material as a
function of UHMWPE fibers (wt.%)

This gradual increase in the impact resistance of the
composite indicates that, as the amount of fiber in the structure
increases, the ability to resist sudden fracture from impact
loading increases also, this improvement in the impact
resistance can be attributed to mechanisms by which the fibers
enhance the matrix's resistance to dynamic loading-induced
fracture such as crack deflection and energy dissipation at the
fiber/matrix interface [31].

3.9 Coefficient of friction, wear volume, and wear
coefficient of ultra-high molecular weight polyethylene
fiber composites

3.9.1 Coefficient of friction

Figure 17 presents the evolution of the COF under a normal
load of 40 N and a total sliding distance of 360 m. All
compositions exhibit an initial running-in stage followed by a
relatively stable steady-state regime, typical of UHMWPE-
based systems under dry sliding conditions [32].

At 360 m, the COF values were:

e Pure UHMWPE: 0.1946
10 wt.% Fiber: 0.1959
20 wt.% Fiber: 0.1685
30 wt.% Fiber: 0.2104
40 wt.% Fiber: 0.2158
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The lowest friction coefficient is observed for the 20 wt.%
composite. Similar reductions at intermediate reinforcement
levels have been reported in UHMWPE composites, in which
fiber addition promotes load sharing and stabilization of the
transfer film at the contact interface [33].

At higher fiber contents (30—40 wt.%), COF increases
again, which may be associated with localized stress
concentration or partial disruption of the contact layer. Such
behaviour has also been discussed for reinforced UHMWPE
systems subjected to dry sliding [32].
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Figure 17. Coefficient of friction (COF) for composite
material as a function of ultra-high molecular weight
polyethylene (UHMWPE) (wt.%)

3.9.2 Wear volume
The wear volume after 360 m sliding distance is:
Pure UHMWPE: 0.04899 mm?
10 wt.% Fiber: 0.05019 mm?
20 wt.% Fiber: 0.03851 mm?
30 wt.% Fiber: 0.04544 mm?
40 wt.% Fiber: 0.04898 mm?*

The 20 wt.% composite exhibits the lowest wear volume,
comparable to that of neat UHMWPE. The wear volume
values are shown in Figure 18. The improvement at
intermediate fiber content suggests more efficient stress
distribution and suppression of surface micro-cutting
mechanisms, which are commonly responsible for wear in
UHMWPE materials [32].
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Figure 18. Volume of wear for composite material as a
function of ultra-high molecular weight polyethylene
(UHMWPE) (wt.%)

At higher fiber fractions, the wear volume increases
slightly, approaching that of the neat matrix. This trend is
consistent with observations in reinforced polymer systems,
where excessive reinforcement can lead to microstructural
heterogeneity that affects surface stability [33].



3.9.3 Wear coefficient
The wear coefficient was calculated using Archard’s
equation:

k=V/(FL)

where, F =40 N and L = 360 m.

The calculated values are:
Pure UHMWPE: 3.40 x 107* mm*/N-m
10 wt.% fiber: 3.49 x 107 mm*/N-m
20 wt.% fiber: 2.67 x 107* mm*/N-m
30 wt.% fiber: 3.16 x 10° mm*/N-m
40 wt.% fiber: 3.41 x 107 mm3*/N-m

The minimum wear coefficient is obtained at 20 wt.% fiber.
The wear coefficient values are shown in Figure 19.

The magnitudes of these values fall within the typical range
reported for UHMWPE under dry sliding conditions [32],
thereby confirming the reliability of the present results.

Wear coefficient, k
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Figure 19. Coefficient of wear for composite material as a
function of ultra-high molecular weight polyethylene
(UHMWPE) (wt.%)

While 40 wt.% maximizes structural performance, 20 wt.%
provides optimal tribological stability, indicating that fiber
fraction can be tailored to meet the functional requirements of
the orthopedic component.

It should be noted that the present investigation was
conducted under controlled laboratory conditions and limited
to dry sliding tribological testing. Long-term biological
exposure, fatigue behavior under physiological loading cycles,
and in-vitro biocompatibility assessments were not within the
scope of this study. Therefore, further investigations are
required to evaluate the long-term clinical applicability of the
developed composites under simulated body conditions.

4. CONCLUSIONS

Self-reinforced composites comprising UHMWPE fibers
and UHMWPE powders were fabricated via thermo-
compression molding. The introduction of fibers into the
material has a major effect on its thermal, mechanical, and
tribological properties. DSC results indicate that the degree of
crystallinity of the matrix will be affected by the amount of
fiber added, reaching its highest level (40.08%) at the 10 wt.%
fiber level. Further increases in fiber content reduce
crystallinity. The melting temperatures of the composites are
similar and indicate that the polymer does not undergo thermal
degradation during fabrication. The mechanical test results
indicate a continuous increase in both tensile strength and
elastic modulus with increasing fiber content. For instance,
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tensile strength increases from 33 MPa for neat UHMWPE to
121 MPa for 40 wt.% fiber, whereas the elastic modulus
increases from 0.32 GPa to 2.47 GPa. Likewise, flexural
strength and flexural modulus showed substantial
improvements with increasing reinforcement content.
Elongation at break decreased from approximately 310% for
neat UHMWPE to 24% for 40 wt.% fiber; the material can still
deform without serious brittle failure. The tribological testing
identified a different optimal composition than that found in
the mechanical testing. Specifically, this testing identified a
COF of 0.168 and a wear coefficient of 2.67 x 10°° mm?*/N-m
for the 20 wt.% fiber composites. The wear volume for this
composition was 0.0385 mm?, indicating a more stable surface
under dry-sliding conditions.

Ultimately, this research demonstrates that increasing fiber
content (40 wt.%) improves composite stiffness and
durability, thereby enabling a wider range of applications,
including components where wear resistance is critical.
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