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Abstract: Polytetrafluoroethylene (PTFE)/ultra-high molecular weight polyethylene (UHMWPE) composites with dif-
ferent content ratios were fabricated using compression molding techniques, while considering molding parameters. Both
the PTFE content and molding parameters had a significant effect on the tribological properties of the composites under
dry sliding conditions, as confirmed by Fourier-transform infrared spectroscopy (FTIR), differential scanning calorimetry
(DSC), and scanning electron microscopy (SEM). The optimal anti-friction and wear resistance behaviors for composites
were achieved with molding parameters of a heating temperature of 160 °C, pressing temperature of 80 °C, and pressing
pressure of 10 MPa. For PTFE/UHMWPE (10/90) at different process parameters, its wear mechanism was mainly due
to spalling of PTFE powder, migration, and pull-out of UHMWPE which exacerbated specimen wear loss. For PTFE/
UHMWPE (2/98), its wear mechanism was mainly due to spalling of a small amount of PTFE powder which played a
lubricating role in reducing friction coefficient and composite wear loss.

Keywords: ultra-high molecular weight polyethylene, polytetrafluoroethylene, compression-molding, tribological

properties.

Introduction

The ultra-high molecular weight polyethylene (UHMWPE)
is a linear structural thermoplastic engineering plastic with a
molecular weight ranging from 1.5 x 106-107. It finds exten-
sive application in engineering due to its exceptional wear
resistance, remarkable self-lubricating performance, chemical
stability, and superior impact toughness.* However, the pris-

tine structure of UHMWPE lacks adequate thermal resistance
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to endure the demanding environmental conditions in engi-
neering applications. For instance, in numerous tribological
applications, pure UHMWPE exhibits subpar thermal resis-
tance, elevated creep rate under load, and subsequent reduction
in wear resistance.”® Blending modification is a frequently
employed technique for enhancing the properties of polymers.”™®
Chukov et al. utilized a solid phase synthesis process to fab-
ricate carbon fiber reinforced modified UHMWPE composite
materials.” The results demonstrated that the Young’s modulus
of the surface-modified carbon fiber composites was five times
higher than that of pure UHMWPE. Moreover, the composites
with 8 wt% carbon fiber exhibited superior wear resistance
compared to unmodified UHMWPE, with wear performance
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being twice as high. The friction and wear properties of poly-
imide/UHMWPE composites with varying ratios were inves-
tigated by Chen et al."® The results demonstrated a reduction in
the friction coefficient by 43.1% and wear rate by 66.7% when
the UHMWPE content was at 50 wt%.

Polytetrafluoroethylene (PTFE) is a crucial engineering plastic
renowned for its exceptional heat resistance. Moreover, PTFE
exhibits an ultra-low coefficient of friction and remarkable
self-lubricating properties attributed to the minimal intermo-
lecular gravitational force between macromolecules and the weak
molecular attraction at the surface interface.'""* The combina-
tion of UHMWPE and PTFE is anticipated to synergistically
leverage their respective advantages, leading to a blended poly-
mer with superior overall properties characterized by reduced
friction coefficient and enhanced wear resistance.”” Giirgen et
al. investigated the tribological behavior of UHMWPE-based
composites incorporating various PTFE.'® Their findings demon-
strated that the addition of small amounts of PTFE effectively
reduced frictional forces in the contact zone, thereby mitigating
abrasive wear on the material. Additionally, it was observed that
process parameters during UHMWPE molding significantly
influenced specimen performance.'”"® Zhou et al. examined the
tribological properties of UHMWPE in an aqueous environ-
ment at different molding temperatures.'® The results revealed
that samples molded at 200 C exhibited both a lower coeffi-
cient of friction and minimal fluctuations. Consequently, hot
pressing blends of PTFE and UHMWPE powders using diverse
processes holds promise for further enhancing the tribological
properties of UHMWPE composites.

The present study focuses on the production of PTFE/UHM-
WPE composite specimens using various molding parameters
and PTFE content. It investigates the influence of PTFE con-
tent on the physical properties of these composites, explores
their tribological behavior under dry friction conditions, and
reveals the underlying friction and wear mechanisms. Further-
more, it aims to identify optimal molding parameters for dif-
ferent PTFE contents in order to improve the tribological
performance of PTFE/UHMWPE composites.

Experimental

Materials and Fabrication Process. The UHMWPE powder
(Figure 1(a)), with a molecular weight of three million, was
procured from the Second Beijing Auxiliary Factory. It pos-
sesses a melting point of 136 C and a density of 0.92 g/cm’.
The PTFE powder (Figure 1(b)) was manufactured by Shen-
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Figure 1. SEM micrographs of (a) UHMWPE powder; (b) PTFE
powder; (¢c) PTFE/UHMWPE powder; (d) The distribution of flu-
orine in blended powder.
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yang Tianyuxiang Micro-powder Material Factory, exhibiting
a density of 2.2 g/cm’® and a melting point of 327 C. In this
study, the blending process for the two powders was conducted
using an F-P400H Planetary Ball Mill. Figure 1(c) illustrates
the micrographs of the PTFE/UHMWPE blend, wherein the
distribution pattern of fluorine elements is depicted in Figure
1(d). The mass ratios selected for the PTFE/UHMWPE blends
were as follows: 2/98 and 10/90.

Figure 2(a) illustrates the sample preparation process. The
PTFE/UHMWPE blended powder with 2/98 or 10/90 ratio
weighing 50 g was dried in an oven and subsequently placed
in a rectangular mold. Prior to hot pressing, the blended pow-
der underwent pre-compression to facilitate air escape from the
mold. The mold was then heated at the designated temperature
for 90 minutes, following which the heating element was turned
off, allowing natural cooling of the mold. Once the surface
temperature of the die reached the desired pressing tempera-
ture, application of selected pressure ensued. After cooling to
room temperature, the PTFE/UHMWPE specimen was extracted
from the mold for testing purposes. The hot pressing process
employed univariate analysis, with respect to the heating tem-
perature (160, 170, 180, 190, 200 C), pressing temperature
(80, 90, 100, 110, 120 C), and pressing pressure (6, 8, 10, 12,
14 MPa). The fixed parameters were a heating temperature of
160 C, a pressing temperature of 90 C and a pressing pres-
sure of 10 MPa.

Mechanical and Tribological Tests. A Shore hardness tes-
ter (Syntek) was used to characterize the hardness of the sam-
ple according to the ISO 868:2003 standard on a shore D scale.
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Figure 2. (a) Processing time, pressure, and temperature cycles of
PTFE/UHMWPE; (b) Schematics of frictional tests.

The specimens were subjected to indentations at multiple loca-
tions, and the average hardness value was subsequently deter-
mined. Each measurement employed an indentation load of
22.5 N with a hold time of 15 s. The observed variations in the
hardness values remained within a range of 10% around the
calculated average.

The details of the friction process and experimental param-
eters are illustrated in Figure 2(b). The surface roughness of
the PTFE/UHMWPE samples was maintained at approxi-
mately 300 nm to mitigate the influence of surface roughness
on tribological behavior. The friction test was conducted using
a multifunctional friction machine (Rtec Instrument Company,
USA), where a GCrl5 steel ball with a diameter of 6.3 mm
was employed for rubbing against the specimens. At least three
repeated tests were performed for each specimen, and the wear
volume was averaged for three tests.

Characterization. Fourier-transform infrared (FTIR) spec-

troscopy (Nicolet iS10, Thermo Fisher, Waltham, MA, USA)
was used to characterize the characteristic groups of the sam-
ples and to study the chemical composition of the blend com-
posites. Thermal analysis studies differential scanning calorimetry
(DSC) was employed to analyze thermal behavior of materials
used, utilizing a 204 F1 Phoenix DSC calorimeter. The nitrogen
gas flow rate was set as 20 mL/min, the heating rate as 10 C
/min and the heating temperature ranged between 50 C to
200 C. Moreover, three-dimensional optical microscopy was
performed using MICROLMEA-SUER2, and scanning elec-
tron microscopy was used to characterize the geometry of the

wear scars.

Results and Discussion

Effect of Content Ratios. The FTIR spectra of the UHM-
WPE and PTFE samples are presented in Figure 3(a). Figure
3(b) illustrates the FTIR spectra of the PTFE/UHMWPE com-
posites with varying mass ratios. In the pure UHMWPE sam-
ple, the characteristic peak at 718 cm™ can be attributed to the
rocking vibration of -C-C- in UHMWPE. The peaks at 1473
and 1462 cm™ correspond to the bending vibration of CH,.
Additionally, the peaks at 2915 and 2848 cm™ correspond to
asymmetric and symmetric stretching vibrations of CH,, respec-
tively, which serve as prominent characteristic features for this
UHMWPE.?** On the other hand, PTFE's FTIR spectra, being
a homopolymer composed of monomeric tetrafluoroethylene
units, exhibit highly pronounced split absorption bands around
approximately 1203 and 1148 cm™ that can be attributed to
antisymmetric and symmetric stretching vibrations of CF,
groups.”*** Notably, no new peaks emerged in the infrared spectra
of these blends when compared with those obtained from pri-
mary ecological powder materials; this observation suggests an
absence of chemical reactions during their blending process.

The hardness of UHMWPE, PTFE, and their composites is
depicted in Figure 3(c). Due to the lower hardness of PTFE
compared to UHMWPE, the surface hardness of the specimen
gradually decreases with increasing PTFE content. Although
fluctuations in material hardness can arise from variations in
the molding process, these fluctuations are within a range of
less than 2% and are not the primary focus of analysis in this
study. Figure 3(d) illustrates the crystallinity of PTFE/UHM-
WPE with content ratio of 2/98 and 10/90. The crystallinity
decreases as the proportion of PTFE increases. This phenom-
enon may be attributed to solid PTFE powder hindering the
alignment of UHMWPE molecular chains within the melt, with
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Figure 3. FTIR spectra: (a, b), hardness; (c) crystallinity; (d) of pure
UHMWPE, PTFE and their composites

a more pronounced inhibitory effect observed at higher levels
of PTFE content.

Effect of Heating Temperature. Figure 4(a) and (b) show
DSC curves of PTFE/UHMWPE (10/90 and 2/98). It is observed
that the melting range of composites starts at 100 C with a
peak melting point of about 140 C. The crystallinity is cal-
culated as expressed in Eq.:

c_UHMWPE% = [AH(AH x ¢)] x 100% 1)

where c UHMWPE is the crystallinity of UHMWPE in PTFE/
UHMWPE, AH is the enthalpy of fusion of PTFE/UHMWPE,
AH? is the melting enthalpy of 100% crystallized UHMWPE
which was taken as 293 J/g,”’*® ¢ is the weight fraction of UHM-
WPE in the PTFE/UHMWPE blend composites.

The crystallinity of composites initially decreased and then
slightly increased with the increase in heating temperature, as
depicted in Figure 4(a) and (b). This phenomenon can be attributed
to the enhanced motility activity of UHMWPE polymer chains
at a constant PTFE content caused by elevated processing tem-
perature. However, temperatures ranging from 160 C to 180 C
did not facilitate sufficient diffusion of the polymer chains, result-
ing in the disruption of the regular molecular chain arrangement
within the UHMWPE primary ecological powder’ Consequently,
this led to the destruction of structured aggregation within the
powder and a continuous decrease in composite crystallinity.*
Adequate diffusion of UHMWPE polymer chains occurred when
heating temperatures reached 180 C to 200 C, followed by
rearrangement during cooling that resulted in an increased for-

Zan, 45048 A25, 2026\

(a) PTFE/UHMWPE(10/90) (b) PTFE/UHMW PE(2/98)
Crystallinity Crystallinity
] 160°C  SLB1% 'n i 160°C_ 56.89% \
Z 0 L ssm 7/ .L _| & [uwc sem /1
4 — 1 % A70°C /|
g 180°C _4".41"'5.--'/ \ 3] 1H0°C 56.08% /\
= 3 &£ /
= 190°C  49.88% L 190°C 56.79% _/ .
0000 49.46% 200°C __sR._lz'v_-__.-f/ \
80 100 120 140 160 180 60 80 100 120 140 160 180
Temperature (°C) Temperature (°C)
0.241 (¢) PTFE/UHMWPE  — 100901600 = |(d) PTFE/lUHMWPE =~ ——160-90-6
0] (10/90) ——160-90-170) . (2/98) —— 160908
% 4] —l60o0-180 > 160-90-10
E . 160-90-1940 2 a7 —T160-00-12
g 0184 160-90-200 2 — 1609014
3 | G
g 0169 ot Z 0.6
_§ 0.14- §
Z 0z [ £ os
= o1 '// = B
0.08{ E i - —
0.06 an

300 600 900 1200 1500 18500 300 600 900 1200 1500 1800

Time (s) Time (5)

Figure 4. The crystallinity: (a, b) and friction coefficient; (c, d) of
PTFE/UHMWPE composites (10/90, 2/98) at various heating tem-
peratures.

mation of regular aggregate structures with higher crystallinity.*'

The friction coefficient behavior of PTFE/UHMWPE (10/90)
samples at different heating temperatures is depicted in Figure
4(c). It exhibits a gradual increase followed by a subsequent
decrease with increasing heating temperature. This can be attributed
to the fact that at lower temperatures, the PTFE powder within
the matrix remains unsoftened, leading to easy dislodgement
of the powder during frictional processes of the molded spec-
imen. As the temperature rises, varying degrees of softening
occur in the PTFE powder along with diffusion and alignment
of UHMWPE molecular chains. Consequently, there is variation
in the degree of embedding between PTFE and UHMWPE,
wherein higher temperatures result in deeper embedding and
greater resistance against peeling off PTFE from the substrate,
thereby elevating the friction coefficient. At 200 C, excellent
fusion between PTFE and UHMWPE occurs without significant
spalling during frictional processes; on the contrary, under sur-
face lubrication provided by PTFE, there is a reduction in fric-
tion coefficient for these specimens.

The behavior of the in-situ friction coefficient of PTFE/
UHMWPE (2/98) specimens at various heating temperatures is
depicted in Figure 4(d). Under the same pressing temperature
and pressure, the friction coefficient exhibits minimal variation
with increasing heating temperature, indicating a stable friction
process with reduced fluctuations. This suggests that the spall-
ing of a small amount of PTFE powder not only fails to induce
fluctuations in the friction process but also contributes to reducing
friction during specimen testing. In contrast to PTFE/UHMWPE
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Figure 5. The wear scars: (a, b) and wear loss; (c, d) of PTFE/
UHMWPE composites (10/90, 2/98) at various heating temperatures.

(10/90), the composite containing 2% PTFE content shows
less sensitivity to changes in heating temperature.

The wear of the specimens is illustrated in Figure 5, where (a)
and (b) represent the size of the wear scars for PTFE/UHM-
WPE (10/90) and PTFE/UHMWP (2/98), respectively. Simi-
larly, (c) and (d) depict the wear amount for PTFE/UHMWPE
(10/90) and PTFE/UHMWP (2/98). With increasing heating
temperature, there is a clear trend of initially increasing and
then decreasing wear amount observed for PTFE/UHMWP (10/90).
The minimum wear amount occurs at 160 C while the maxi-
mum is observed at 190 C. On the other hand, PTFE/UHMWPE
(2/98) exhibits smaller variations in wear amount ranging from
0.2078-0.2248 mm’® with a peak value at 170 “C and a minimum
at 200 C, showing only an 8% difference.

The morphology of their scars (Figure 6) was analyzed using
SEM to further investigate the friction and wear mechanisms
of the composites. Viscoelastic flow and plastic deformation
were observed on all scar surfaces, suggesting that a significant
portion of the friction energy is converted into heat during slid-
ing, resulting in elevated temperatures and thermal softening of
the friction surface material. As deformation progresses, the
shear strength at the adhesion point gradually increases. How-
ever, when the shear strength of PTFE/UHMWPE (10/90) sur-
face is lower than that at the adhesion point, detachment or
shifting occurs in the softened region. This process leads to
exposure of fresh surfaces and subsequent cycles of softening
and peeling occur, indicating adhesive wear as one of the major
wear mechanisms along with plastic deformation.

Figure 7(a) illustrates the schematic diagram depicting the
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Figure 6. Wear morphologies of (a) PTFE/UHMWPE (10/90); (b)
PTFE/UHMWPE (2/98) at various heating temperatures.

wear process of PTFE/UHMWPE (10/90). The plastic flow and
adhesive wear of the PTFE/UHMWPE (10/90) wear surface vary
with changes in heating temperature. When the heating tem-
perature is below 170 C, the PTFE powder within the UHM-
WPE matrix remains unsoftened. Consequently, during friction,
some PTFE powder dislodges from the matrix and adheres to
opposing friction surfaces, forming a coating on the worn sur-
face through repeated friction cycles. As the heating temperature
increases (180-190 C), gradual softening of PTFE powder
occurs within the UHMWPE melt due to increased tempera-
tures. Under preset pressurization conditions, different degrees
of fusion between PTFE powder and UHMWPE matrix are
achieved during holding processes. Adhesive wear manifests

Polym. Korea, Vol. 50, No. 2, 2026
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in molded specimens during frictional interactions as PTFE
drives collective migration of surrounding matrix material. With
increasing migration and bonding point area, adhesion strength
gradually rises until surpassing shear strength of opposing mate-
rial, leading to shear damage within PTFE/UHMWPE specimen
matrices. At this stage, severe wearing occurs on the surface.””
When heating temperature reaches 200 C, solidification per-
formance improves for PTFE/UHMWPE specimens while achiev-
ing optimal fusion effects between both materials. During frictional
processes at this temperature range, detachment of PTFE does
not occur due to excellent lubrication properties resulting in
reduced friction coefficient and decreased amount of wear.
The morphology of their scars (Figure 6) was analyzed using
SEM to further investigate the friction and wear mechanisms
of the composites. Viscoelastic flow and plastic deformation
were observed on all scar surfaces, suggesting that a significant
portion of the friction energy is converted into heat during slid-
ing, resulting in elevated temperatures and thermal softening of
the friction surface material. As deformation progresses, the
shear strength at the adhesion point gradually increases. How-
ever, when the shear strength of PTFE/UHMWPE (10/90) sur-
face is lower than that at the adhesion point, detachment or
shifting occurs in the softened region. This process leads to
exposure of fresh surfaces and subsequent cycles of softening
and peeling occur, indicating adhesive wear as one of the
major wear mechanisms along with plastic deformation.
Figure 7(a) illustrates the schematic diagram depicting the
wear process of PTFE/UHMWPE (10/90). The plastic flow and
adhesive wear of the PTFE/UHMWPE (10/90) wear surface vary
with changes in heating temperature. When the heating tem-
perature is below 170 C, the PTFE powder within the UHM-
WPE matrix remains unsoftened. Consequently, during friction,
some PTFE powder dislodges from the matrix and adheres to
opposing friction surfaces, forming a coating on the worn sur-
face through repeated friction cycles. As the heating tempera-
ture increases (180-190 C), gradual softening of PTFE powder
occurs within the UHMWPE melt due to increased tempera-
tures. Under preset pressurization conditions, different degrees
of fusion between PTFE powder and UHMWPE matrix are
achieved during holding processes. Adhesive wear manifests
in molded specimens during frictional interactions as PTFE drives
collective migration of surrounding matrix material. With increas-
ing migration and bonding point area, adhesion strength grad-
ually rises until surpassing shear strength of opposing material,
leading to shear damage within PTFE/UHMWPE specimen
matrices. At this stage, severe wearing occurs on the surface.”
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Figure 7. Schematic diagram of wear process of (a) PTFE/UHMWPE
(10/90); (b) PTFE/UHMWPE (2/98).

When heating temperature reaches 200 C, solidification per-
formance improves for PTFE/UHMWPE specimens while achiev-
ing optimal fusion effects between both materials. During frictional
processes at this temperature range, detachment of PTFE does
not occur due to excellent lubrication properties resulting in
reduced friction coefficient and decreased amount of wear.

Figure 7(b) illustrates a schematic diagram depicting the
wear process of PTFE/UHMWPE (2/98). When the PTFE con-
tent is 2%, a minute quantity of PTFE powder is uniformly dis-
persed within the matrix, resulting in minimal detachment and
migration of the powder-driven matrix. Consequently, it exerts
negligible impact on the wear surface. The presence of trace
amounts of PTFE on the specimen's surface exhibits lubricat-
ing properties, thereby reducing both friction coefficient and
material wear loss.

Effect of Pressing Temperatures. The DSC curves for
PTFE/UHMWPE (10/90) and PTFE/UHMWP (2/98) compos-
ites are presented in Figure 8(a) and (b). It is observed that the
melting range of all composites initiates at 100 C, with a peak
melting point around 140 C. Both PTFE/UHMWPE (10/90)
and PTFE/UHMWP (2/98) exhibit an initial decrease followed
by an increase in crystallinity as the pressing temperature increases.
At lower pressing temperatures, the melt exhibits reduced flu-
idity, resulting in a relatively stationary alignment structure of
UHMWPE polymer chains within the matrix. The alignment
of molecular chains in the melt is influenced by their alignment
in the primary ecological powder, leading to more regular align-
ment and higher crystallinity. With increasing pressing temperature,
enhanced melt fluidity promotes breaking of the primary eco-
logical state and further alignment of polymer chains, causing a
subsequent decrease followed by an increase in crystal formation.
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Figure 8. The crystallinity: (a, b) and friction coefficient; (c, d) of
PTFE/UHMWPE composites (10/90, 2/98) at various pressing
temperatures.

As depicted in Figure 8(c), the coefficient of friction for PTFE/
UHMWPE (10/90) exhibits a gradual increase with rising press-
ing temperature, wherein higher temperatures result in greater
fluctuations in the coefficient of friction. This phenomenon can
be attributed to the increased fluidity of the melt within the
mold at elevated pressing temperatures, making it more chal-
lenging for PTFE powder to detach from the UHMWPE sub-
strate. At lower pressing temperatures, the friction process
facilitates removal of PTFE powder from the matrix and acts
as a lubricant, leading to a low coefficient of friction. However,
as pressing temperature increases, PTFE powder gradually
bonds with the substrate and during subsequent friction pro-
cesses dislodges from the UHMWPE substrate while driving
migration of surrounding substrate material around it, thereby
increasing the coefficient of friction. Consequently, due to
intermittent shedding of PTFE particles during these processes,
significant fluctuations are observed in the coefficient. The
behavior of the in-situ friction coefficient of PTFE/UHMWPE
(2/98) specimens at various pressing temperatures is illustrated
in Figure 8(d). The friction coefficient exhibits minimal vari-
ation and remains consistently low. However, an increase in
pressing temperature to 110 ‘C leads to a higher friction coef-
ficient for PTFE/UHMWPE (2/98), possibly due to a combi-
nation of PTFE powder shedding and substrate migration.

The wear of the specimens at different pressing temperatures
is illustrated in Figure 9. An evident increasing trend in the
wear amount of UHMWPE/PTFE (10/90) composites is observed
with the rise in pressing temperature, as shown in Figure 9(a)
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Figure 9. The wear scars: (a, b) and wear loss; (c, d) of PTFE/
UHMWPE composites (10/90, 2/98) at various heating temperatures.

Temperature (°C)

and (c). Notably, when the pressing temperature is below
90 C, the composite exhibits minimal wear and shallowest
wear scars. However, as the pressing temperature increases,
both wear loss and depth of abrasion marks gradually increase
until reaching a peak at 110 C. Subsequently, at 120 C, although
the material experiences maximum wear amount, there is a
decrease in depth while an increase in width of abrasion marks
occurs.

When the temperature reaches 110 ‘C, the melt in the mold
exhibits enhanced fluidity, resulting in increased diffusion and
tighter crystal bonding. Consequently, during friction processes,
PTFE powder detachment occurs along with substrate material
migration, leading to deeper abrasion marks and greater wear.
When the application temperature rises to 120 C, a substantial
amount of base material is extracted during friction processes
and coats the bottom and sides of abrasion marks. As a result,
these marks become shallower but wider.

At a PTFE content of 2%, the wear of PTFE/UHMWP (2/
98) composites significantly decreases while being minimally
affected by pressing temperature variations, as shown in Figure
9(b) and (d). Matrix migration caused by shedding PTFE pow-
der is also infrequent; instead, lubrication provided by PTFE
powder limits wear in PTFE/UHMWP (2/98) composites to
below 0.225 mm’.

The surface morphologies of the samples were characterized
using SEM (Figure 10). At lower pressing temperatures, the
UHMWPE matrix exhibits a relatively fixed molecular chain
arrangement with PTFE wrapped within it. However, the UHM-
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Figure 10. Wear morphologies of (a) PTFE/UHMWPE (10/90); (b)
PTFE/UHMWPE (2/98) at various pressing temperatures.

WPE matrix material is not tightly compacted enough, leading
to the detachment of PTFE powder from the matrix during
friction processes and resulting in localized friction marks. A
small portion of detached PTFE powder gets coated onto these
abrasion marks through repeated friction, causing slight adhe-
sive wear.”> With increasing pressing temperature, the melt flu-
idity enhances and crystal arrangements become tighter under
pressure. Consequently, stronger bonding forces between PTFE
powder and UHMWPE matrix lead to adhesion wear during
friction processes. Moreover, higher temperatures result in greater
degrees of adhesion wear formation on the surface of abrasion
marks in a lamellar structure. However, when PTFE content is
low, scattered distribution of PTFE powder within UHMWPE
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Figure 11. The crystallinity: (a, b) and friction coefficient; (c, d) of
PTFE/UHMWPE composites (10/90, 2/98) at various pressing
pressures.

substrates primarily leads to point removal during friction
without significant migration across large substrate areas. This
results in the formation of a fluoroplastic adhesive layer on
counterpart surfaces that reduces material wear.

Effect of Pressing Pressures. The DSC curves for PTFE/
UHMWPE composites are presented in Figure 11(a) and (b).
For both PTFE/UHMWPE ratios of 10/90 and 2/98, the crys-
tallinity initially increased and then decreased with increasing
pressure. This phenomenon can be attributed to the gradual reduc-
tion and elimination of sample defects caused by the applied
pressure, leading to enhanced diffusion of polymer chains and
consequently an increase in crystallinity. However, excessive
pressure resulted in a decrease in the crystallinity of PTFE/
UHMWPE due to reduced free volume and hindered chain dif-
fusion.

The friction coefficient of PTFE/UHMWPE (10/90) exhib-
ited a non-linear trend with increasing pressure, as depicted in
Figure 11(c). Initially, the presence of defects within the matrix
and weak bonding between PTFE powder and the matrix led
to powder detachment during friction, resulting in increased and
fluctuating friction coefficients at low pressures. However, when
the pressure was raised to 10 MPa, fewer defects were observed
in the melt, leading to improved bonding between PTFE and
UHMWPE. Consequently, there was a reduction in powder
shedding phenomenon and a decrease in the friction coeffi-
cient. At higher pressures (14 MPa), enhanced melt fluidity
promoted the formation of oriented molecular chain structures
under applied tensile force. This resulted in matrix migration
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Figure 12. The wear scars: (a, b) wear loss; (¢, d) of PTFE/UHMWPE
composites (10/90, 2/98) at various pressing pressures.

during friction and an increase in the friction coefficient. The
friction coefficient of PTFE/UHMWPE (2/98) in Figure 11(d)
is comparable to that observed in section 2.3 for the same mate-
rial composition. A lower content of PTFE powder results in
a stable friction process with a reduced coefficient of friction.
The addition of a small amount of PTFE powder mitigates the
adverse impact of pressure on the friction properties exhibited
by the specimens.

The wear of the specimens at different pressing pressures is
illustrated in Figure 12. The wear behavior of PTFE/UHM-
WPE (10/90) composite initially decreases and then increases
with increasing pressure, as shown in Figure 12(a) and (c).
This can be attributed to imperfect bonding between the PTFE
powder and UHMWPE matrix, caused by melt defects such as
holes resulting from lower pressures, which enhance material
wear. At a pressure of 10 MPa, the melt defects are almost
eliminated, leading to a higher degree of integration between
the two materials. Consequently, the PTFE powder exhibits
improved adhesion during frictional processes, with minimal
point removal that acts as a lubricant and reduces specimen
wear. However, excessive pressure causes polymer structure
orientation and weakens the bonding force between PTFE pow-
der and matrix, resulting in significant removal of PTFE powder
under external forces and increased wear rate. In contrast, for
composites containing 2% PTFE content (PTFE/UHMWP (2/
98)), as shown in Figure 12(b) and (d), the amount of wear is
significantly reduced regardless of applied pressure due to effec-
tive lubrication provided by the presence of PTFE powder.

The SEM images of the wear scars are presented in Figure

S00pm

S00pm

Figure 13. Wear morphologies of (a) PTFE/UHMWPE (10/90); (b)
PTFE/UHMWPE (2/98) at various pressing pressures.

13. When the pressing pressure is low, the blend exhibits a lower
degree of solidification. During the friction process, PTFE adheres
to the surface of the opposing friction part and relocates on the
substrate under tensile force, resulting in surface chipping. The
adhesive wear gradually decreases with increasing applied pres-
sure. At pressures ranging from 12-14 MPa, elevated pressure
causes significant flow of melt in the mold. This leads to exclu-
sive collimation of numerous polymer chains along the direction
of melt flow and detachment of some polymer chains from
amorphous regions, causing structural defects in specimens and
exacerbating PTFE/UHMWPE wear. Furthermore, bonding force
between PTFE powder and oriented UHMWPE is reduced,
leading to flaking of PTFE powder under external forces and
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migration of matrix material, thereby intensifying wear effects.
This phenomenon becomes more pronounced at a PTFE con-
tent level of 10%. However, when the PTFE content is only
2%, a small amount of PTFE powder peels off to act as a lubri-
cant on the friction surface, significantly reducing material wear.

Conclusions

The PTFE/UHMWPE composites were prepared by adjusting
the molding parameters and varying the content of PTFE. The
findings revealed that the frictional behavior and wear mech-
anisms of the composites are influenced by both the PTFE
content and molding process employed. The key conclusions
can be summarized as follows:

(1) With an increase in PTFE content, there is a decrease in
hardness and crystallinity observed in the PTFE/UHMWPE
composites. This reduction in hardness can be attributed to the
inherently low hardness of PTFE powder itself when added to
the composites.

(2) Incorporating PTFE powder hampers to some extent both
untwisting and diffusion processes occurring within UHMWPE
polymer chains, leading to a decrease in blend crystallinity as
more PTFE powder is added.

(3) Altering the molding process significantly impacts wear
mechanisms exhibited by PTFE/UHMWPE (10/90) compos-
ites; adhesive wear (including slight abrasion, smearing, tearing
off), extrusion deformation, and plastic flow were identified as
primary modes of wear for this composition ratio blend.

(4) The optimal processing parameters for achieving reduced
frictional behavior and improved wear resistance are heating
temperature at 160 C combined with pressing temperature at
80 C under a pressure level set at 10 MPa.
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