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Abstract
In the present study, effects of the sliding velocity sequences on the friction and wear properties of pure polyetheretherketone 
(PEEK) and a PEEK hybrid composite were studied. It is demonstrated that the tribological properties of pure PEEK and its 
composite show a complex nature of the dependence on the velocity sequences in the studied range. The friction coefficient 
of PEEK is independent on previous velocity histories. In contrast, the testing sequence of the velocity exerts obvious impact 
on the friction coefficient of the PEEK composite at slow sliding velocities. With respect to the wear performance, the spe-
cific wear rate of pure PEEK exhibits a strong dependence on the sequences of the velocity only at the initial pv-levels. For 
the PEEK composite, its specific wear rate exhibits an obvious dependence on the previous velocity levels at a low nominal 
pressure of 1 MPa. When the pressure is increased to 8 MPa, the impact of the velocity sequences on the wear performance 
becomes insignificant. In addition, the tribological properties clearly correlate with the temperature of the tribosystem.
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1 Introduction

PEEK is one of the high-performance thermoplastic poly-
mers, which has been widely used as a friction-reducing 
and anti-wear material in mechanical engineering. It exhib-
its excellent mechanical performance and high thermal 
resistance [1–3]. However, PEEK needs to be modified by 
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addition of suitable fillers, in order to meet the high require-
ments on the tribological applications in service. Carbon 
fibers (CFs) and solid lubricants, for instance graphite and 
polytetrafluorethylene (PTFE), reinforced PEEK composites 
are frequently utilized in the field, where self-lubrication 
and anti-wear properties are required [4–8]. In recent years, 
many studies have reported that incorporation of tiny inor-
ganic particles into such PEEK composites leads to fur-
ther improvement in their tribological properties [9–12]. 
Investigations on the tribological mechanisms reveal that 
stress reduction on the CFs [13], rolling of the particles [14] 
and isolation of the contact between CFs and counterpart 
asperities by the rigid particles [15] are the dominant fac-
tors improving the friction and wear performance of such 
PEEK tribocompounds. In addition, a well-formed transfer 
film leads to a reduction of the direct contact between the 
two sliding parts, and therefore alleviates the friction and 
wear in the polymer/steel tribosystems [16–19].

In the practical applications, such polymer-based triboparts 
are usually utilized under altering operating conditions owing 
to the rapid development of the modern technology and global 
energy-reduction, for example application of the start-stop 
technology in the commercial vehicles. Alternation of the 
load conditions, e.g., pressure (p), velocity (v), temperature, 
etc., does not occur regularly rather accidentally. Conventional 
tribological investigations were conducted at constant pv-fac-
tors in pre-defined testing period, which means that there are 
no load changes during the characterization. At the end of 
the test, the friction and wear properties of the tribomaterials 
were evaluated. Up till now, it is still not clear how do these 
load changes affect the subsequent tribological responses due 
to the distinct temperatures induced by the frictional heating 
and the initial formation of the transfer films on the counter 
body and so on. Studies of the load changes on the tribological 
behavior of polymer-based materials are quite sparse. In the 
study of Yeo [20], the friction and wear properties of polymer 
coatings were studied by stepwise load increasing experimen-
tal technique until the failure of the sample took place. The 
results demonstrated that it was possible to determine the pv-
factors at failure by means of the load enhancing experiment. 
In addition, the tribofilms can clearly affect the friction and 
wear properties of the coatings. Similarly, Song et al. [21] have 
also studied the pv-limits of PTFE-based composites using 
load-increasing tests.

As it is well known that tribological properties are system 
properties, which are strongly dependent on the component 
geometries, several operating parameters and different fillers 

as well as the formation of the tribofilms. A reliable design 
and application of the polymeric tribomaterials can only be 
realized with in-depth characterizations under real applica-
tion conditions. For various applications, the triboparts are 
often suffered under dynamically varied load conditions, as 
mentioned above. Therefore, the influence of the load changes 
or histories on the subsequent friction and wear performance 
within polymer/steel tribosystems needs to be clarified. In 
the present work, we studied the effects of distinct velocity 
sequences on the friction and wear behavior of PEEK-based 
materials. It is expected that our research results will pave a 
novel route of designing friction-reducing and anti-wear PEEK 
tribomaterials.

2  Experimental Section

VESTAKEEP 2000 G (Evonik Operations GmbH | Smart 
Materials, Germany) was used as PEEK matrix. In order to 
improve its anti-friction and anti-wear properties, graphite 
flakes and chopped carbon fibers (CFs) were incorporated into 
it. Moreover, submicro-sized zinc sulfide and titanium dioxide 
particles were also added into this PEEK composite, in order 
to create a synergetic effect for further improvement in the tri-
bological performance. This PEEK composite has been proved 
as a high-performance tribocomposite in a previous study [22]. 
The compositions of the studied materials are listed in Table 1.

The PEEK composite was prepared on a co-rotated 
twin-screw extruder. Afterwards, both materials were 

Table 1  Compositions of the 
PEEK-based materials

Designation PEEK CF Graphite ZnS TiO2

PEEK wt.-% 100 – – – –
PEEK composite wt.-% 60 10 10 10 10

Fig. 1  Schematic illustration of the PoD tribometer
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injection-molded to plates for preparing the tribological test 
specimens (4 mm × 4 mm × 4 mm), as described in [23]. Their 
Friction and wear properties were characterized by means of a 
pin-on-disc (PoD) tribometer, which enables us to run the test 
with different sliding velocity sequences using one sliding pair, 
as it is schematically illustrated in Fig. 1. The polymer sample 
was slid against a 100Cr6 steel washer (LS2542, Schaefler 
Group, Germany). This steel washer exhibits a surface rough-
ness  (Ra value) of approximate 0.2 µm. During the test, the 
polymer sample surface temperature was recorded at the point 
of 1.5 mm above the contact area using a pyrometer (cf. Fig-
ure 1) [24]. This measured surface temperature served as the 
input temperature for calculating the maximum contact edge 
temperature using an analytical approach, which is detailed 
described in the supporting information.

In order to investigate the impact of the velocity 
sequences on the friction and wear performance of the 
PEEK-based materials, two sets of measurements were 
conducted: (a) stepwise increased velocity from 0.15 to 4 
m/s and (b) stepwise decreased velocity form 4 to 0.15 m/s. 
During the test, the nominal contact pressure was maintained 
at a constant value that was defined prior to the test. For 
pure PEEK, the maximal pv-combination were chosen as 
2 MPa and 2 m/s due to its low thermal resistance based 
on the results of the preliminary tests. While the maximal 
pv-combination for the PEEK composite was selected as 8 
MPa and 4 m/s (pv-limit of the testing machine). The sliding 

time at the particular pv-level is defined as 10/6/6/4/4/4 h for 
six velocity levels, i.e., 0.15/0.25/0.5/1/2/4 m/s, which were 
selected based on our previous work [15].

During the sliding wear test, the height loss of the poly-
mer sample was measured and recorded using a precise 
displacement transducer. The slope of the pin height loss 
versus sliding time curve in the steady stage is defined as 
the height loss rate (∆h/t), which was utilized to calculate 
the specific wear rate (ws) by applying the following for-
mula [25]:

Herein, it is well-worth pointing out that the tempera-
ture is constant within the tribosystem when a steady state 
was reached. In this case, the height loss took place in the 
“softened” polymer pin for which there were no more ther-
mal expansion with increasing sliding time. Meanwhile, 
the formation and peeling off of the transfer films also got 
into a dynamically steady state. Therefore, the slope of 
the height loss curve in the steady state represented the 
net height loss rate due to wear. For calculating the mean 
values of the friction coefficient and specific wear rate, 
at least three measurements for each test condition were 
conducted.

After the tribological examinations, the sample worn 
surfaces and transfer films were inspected using a Nikon 

(1)Ws = Δh∕(t ⋅ p ⋅ v)
[

mm
3
/

(Nm)
]

Fig. 2  Effects of the sequences of sliding velocity on the friction coefficient and specific wear rate of pure PEEK at a/b 1 MPa and c/d 2 MPa
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light microscope (ECLIPSE LV100POL, Japan) and Key-
ence laser scanning microscope VK-X1050 (Japan) for 
elucidating the tribological mechanisms.

Dynamic mechanical thermal analysis (DMTA) was 
performed on a Q800 apparatus (TA Instruments, USA) 
with single-cantilever mode with a heating rate of 2 K/
min and frequency of 1 Hz, in order to determine the glass 
transition temperature of the PEEK materials. The dimen-
sion of the sample was 17.6 mm long, 6 mm wide and 4 
mm thick.

3  Results and Discussion

3.1  Friction and Wear Properties of Pure PEEK

Figure 2a shows the impact of the different sliding velocity 
sequences on the friction coefficient of PEEK at 1 MPa. As 
is shown, the friction coefficient of PEEK exhibits a rela-
tively constant value of about 0.35 between v = 0.15 and 1 
m/s. Increasing the sliding velocity to 2 m/s leads to a slight 
increase in the friction coefficient. Further increase in the 
velocity to 4 m/s has no influence on the friction coefficient. 
Herein, it is of great interest to note that the friction coef-
ficient of PEEK is almost independent on the sequences of 
the velocity in the studied range. Very similar trend can be 
observed at 2 MPa. PEEK presents quite similar friction 
coefficient of around 0.38 up to 2 m/s independent on the 
absolute values and sequences of the sliding velocity (cf. 
Figure 2c).

Unlike the observations of the friction coefficient, the spe-
cific wear rate of pure PEEK shows an increasing trend with 
increasing velocity independent on the velocity sequences 
(cf. Figure 2b and d). The maximum specific wear rate is 
always observed at the highest testing velocity in the studied 
range of the nominal pressures. With respect to the effect of 
the velocity sequences, the sequence of the sliding velocity 
exerts strong impact on the specific wear rate at 0.15 m/s and 
4 m/s. At 1 MPa and 0.15 m/s, the specific wear rate presents 
a higher value when the sliding test was carried out with 
increasing velocity sequence, which is 2.3 times higher than 
that observed under the decreasing sliding velocity condition 
(cf. Figure 2b). However, the difference on the specific wear 
rate becomes less significant when the velocity was raised to 
0.25, 0.5 and 2 m/s. At 4 m/s, the specific wear rate shows 
obvious dependence on the velocity sequences again. The 
wear rate measured with decreasing velocity sequence is 
significantly higher than that achieved with increasing one. 
When the same investigations were executed at 2 MPa, the 
specific wear rate exhibits inverse dependence on the veloc-
ity sequences at 0.15 m/s compared to that at 1 MPa. In this 
case, the wear rate with reducing velocity sequence is higher 
than that with increasing one. Same dependence of the wear 

rate on the velocity sequences is also observed at 2 m/s. In 
contrast, the wear rate of pure PEEK is non-susceptible to 
the velocity sequences at 0.25, 0.5 and 1 m/s, as can be seen 
in Fig. 2d.

Considering the specific wear rate of PEEK at a low slid-
ing velocity of 0.15 m/s, it depends not only on the veloc-
ity sequences but also on the pressure level (cf. Figure 2b 
and d). In order to elucidate this distinct dependence, the 
worn surfaces of the PEEK samples were characterized and 
are shown in Fig. 3. Plastic deformation of PEEK induced 
by strong frictional force can be clearly observed on the 
worn surface tested from 2 m/s to 0.15 m/s at 2 MPa (cf. 
Figure 3b), which did not occurred at 1 MPa from 4 m/s to 
0.15 m/s (cf. Figure 3a). Temperature analysis based on the 
measured surface temperature of PEEK sample using the 
analytical model reported in [26] reveals that the maximum 
contact edge temperature reduces from 151 to 30 °C when 
the sliding velocity decreases from 2 to 0.15 m/s at 2 MPa 
(cf. Figure 4b). Herein, we should keep in mind that the 
high contact edge temperature correlates to the high contact 
temperature of the tribopair. Hence, this analytical result 
indicates that the temperature of the sliding pair at 2 m/s 
within the contact region is above the glass transition tem-
perature of pure PEEK (150 °C). After cooling to low tem-
perature at 0.15 m/s, the PEEK shows much rougher worn 

Fig. 3  Worn surface morphology of PEEK a with decreasing sliding 
velocity from 4 m/s to 0.15 m/s at 1 MPa, b with decreasing sliding 
velocity from 2 m/s to 0.15 m/s at 2 MPa and c reference sample at 
a constant pressure of 2 MPa and constant velocity of 0.15 m/s. The 
sliding direction is from the top to the bottom
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surface due to the plastic deformation indicating an abrasive 
wear compared to that with increasing velocity sequence at 
the same velocity (cf. Figure 3), which is closely related to 
the high wear with this velocity sequence. In contrast, the 
wear behavior of PEEK presents opposite dependence on 
the velocity sequences at 1 MPa and 0.15 m/s, which can 
be attributed to the high amount of transferred materials 
required for filling the grooves on the virgin steel counter-
part without any tribological histories and also the subopti-
mal quality of transfer films [27], in comparison to much less 

material transfer due to the previous sliding histories with 
decreasing velocity sequence. Herein, temperature is not the 
dominant factor for determining the wear performance of 
PEEK due to the low frictional force under this load condi-
tion, which is confirmed from the worn surface that no plas-
tic deformation was induced during the sliding process (cf. 
Figure 3a). High specific wear rate at 1 MPa and 4 m/s with 
a fast starting velocity can be, on the one hand, ascribed to 
the high amount of transferred materials required for filling 
the grooves on steel surface, as aforementioned, on the other 

Fig. 4  Effect of the velocity sequences on the estimated maximum 
contact edge temperature of pure PEEK at a 1 MPa and b 2 MPa. 
Parameters required for estimating the temperature can be found in 

the supporting information. No standard deviations were provided 
in the diagrams. Because the temperatures were calculated from the 
mean values of the measured surface temperatures (cf. Figure 1)

Fig. 5  Dependence of the friction coefficient and specific wear rate of the PEEK composite on the sliding velocity sequences at a/b 1 MPa and 
c/d 8 MPa
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hand, it may be caused by the strong softening of polymeric 
material at high temperature (cf. Figure 4a), which reduces 
the shear resistance of the PEEK material. Therefore, the 
specific wear rate of PEEK shows obviously low wear resist-
ance with decreasing velocity sequence at 4 m/s.

3.2  Friction and Wear Performance of the PEEK 
Composite

In comparison to the pure PEEK, the steady-state fric-
tion coefficient of the PEEK composite exhibits obvious 
dependence on the velocity sequences at 1 MPa and slow 
sliding velocities. As can be seen in Fig. 5a, the friction 
coefficient measured with increasing velocity sequence 
is 19% lower than that measured by the decreasing one 
at a velocity of 0.15 m/s. With respect to the friction 
coefficients at 1 m/s with distinct sequences, the distinc-
tion between them becomes less significant. The friction 
coefficient with enhancing velocity sequence is slightly 
lower than that with the reducing sequence. Moreover, the 
steady-state friction coefficients of the PEEK composite 
are non-susceptible to the velocity histories when the 
velocity is higher than 1 m/s at 1 MPa, i.e., 2 and 4 m/s. 
They are nearly identical, which are independent on the 
velocity sequences. When the tribological investigations 
were conducted at 8 MPa, the friction coefficient presents 
almost no dependence on the velocity sequences except 
for 1 m/s (cf. Figure 5c). In addition, it is herein of great 

interest to observe that the steady-state friction coefficient 
decreases with increasing velocity independent on the pre-
vious velocity histories. The lowest friction coefficient is 
observed at 8 MPa and 4 m/s, which is lower than 0.1.

In terms of the dependence of the specific wear rate, the 
PEEK composite shows distinct dependence on the sliding 
velocity sequences compared to that of the friction coef-
ficient at a pressure of 1 MPa. As is evident in Fig. 5b, the 
specific wear rate with increasing velocity sequence under 
each condition up to 2 m/s is obviously higher than that with 
decreasing one. However, it presents an opposite trend at 4 
m/s. At 8 MPa, the significant difference of the specific wear 
rate between distinct velocity sequences diminishes or even 
vanishes with an exception of 1 m/s (cf. Figure 5d), whereat 
the specific wear rate with increasing speed sequence 
exhibits almost fourfold higher value compared to that with 
decreasing one. Moreover, the wear resistance at 0.15 m/s 
exhibits contrary dependence on the velocity histories. The 
wear resistance measured with increasing velocity is 4% 
lower than that obtained with decreasing velocity sequence.

In order to clarify the distinct effects of the velocity 
sequences on the tribological responses of the PEEK com-
posite at different pressures, both the worn surfaces of the 
composite sample and the corresponding transfer films 
were analyzed. As is shown in Fig. 6a, the worn surface 
of the PEEK composite examined with increasing velocity 
sequence at 1 MPa and 1 m/s exhibits much more serious 
ploughing furrows parallel to the sliding direction indicating 

Fig. 6  Representative micro-
graphs of a/b polymer worn 
surfaces and c/d transfer films 
formed on the steel counterpart 
at 1 MPa and 1 m/s with a/c 
increasing and b/d decreasing 
velocity sequence. The sliding 
direction is from the top to the 
bottom. The scale is equal in all 
the images. The number within 
the images indicates the devel-
oped interfacial area ratio  (Sdr, 
in percentage) of the transfer 
film and the values below them 
are the  Sdr values (in percent-
age) of the steel disc as received
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Fig. 7  Representative micro-
graphs of a/b polymer worn 
surfaces and c/d transfer films 
formed on the steel counterpart 
at 1 MPa and 4 m/s with a/c 
increasing and b/d decreasing 
velocity sequence. The sliding 
direction is from the top to the 
bottom. The scale is equal in all 
the images. The number within 
the images indicates the devel-
oped interfacial area ratio  (Sdr, 
in percentage) of the transfer 
films and the values below them 
are the  Sdr values (in percent-
age) of the steel disc as received

Fig. 8  Representative micro-
graphs of a/b polymer worn 
surfaces and c/d transfer films 
formed on the steel counterpart 
at 8 MPa and 1 m/s with a/c 
increasing and b/d decreasing 
velocity sequence. The sliding 
direction is from the top to the 
bottom. The scale is equal in all 
the images. The number within 
the images indicates the devel-
oped interfacial area ratio  (Sdr, 
in percentage) of the transfer 
films and the values below them 
are the  Sdr values (in percent-
age) of the steel disc as received
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an abrasive wear, which leads to a high wear of the sample. 
In contrast, adhesion dominates the wear behavior between 
the polymer/steel sliding couple tested with continues reduc-
ing velocity (cf. Figure 6b). Analysis of the transfer films 
provides further evidence on the dependence of the friction 
and wear behavior of the PEEK composite on the sliding 
velocity sequences. Independent on the velocity sequences, 
all the wear tracks present low developed interfacial area 
ratio  (Sdr) compared to that of original surface of the steel 
disc as received, as is shown in Fig. 6c and d. The details 
for calculating  Sdr values can be found in the supporting 
information. This phenomenon reveals that deep grooves 
of the steel disc were stuffed by the transferred materials 

during the sliding process, which correlates with the low 
 Sdr values. Taking into account the dependence of the trans-
fer film formation on the velocity sequences, it is found 
that the transfer film formed on the steel counterface with 
increasing sequence exhibits slightly higher  Sdr value with 
higher scatter compared to that with decreasing one, which 
correlates with inhomogeneous formation of transfer films. 
In addition, thick leave-like transfer films can be clearly 
observed on the steel surface, as indicated by the white 
arrows in Fig. 6c, which is the another reason for the high 
wear under this velocity sequence condition. When the slid-
ing velocity is raised to 4 m/s, it is interesting to notice that 
the difference between the worn surface morphologies under 

Fig. 9  Representative micro-
graphs of a/b polymer worn 
surfaces and c/d transfer films 
formed on the steel counterpart 
at 8 MPa and 4 m/s with a/c 
increasing and b/d decreasing 
velocity sequence. The sliding 
direction is from the top to the 
bottom. The scale is equal in all 
the images. The number within 
the images indicates the devel-
oped interfacial area ratio  (Sdr, 
in percentage) of the transfer 
films and the values below them 
are the  Sdr values (in percent-
age) of the steel disc as received

Fig. 10  Dependence of the estimated maximum contact edge temperature of the PEEK composite on the sliding velocity at a 1 MPa and b 8 
MPa
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different velocity sequences becomes insignificant (cf. Fig-
ure 7a and b). Both worn surfaces exhibit a nature of abra-
sion. Inspections of the transfer films reveal that diminish-
ing velocity sequence causes inhomogeneous transfer film 
formation (high  Sdr value) indicating a high wear under this 
testing condition compared to that with increasing velocity 
sequence (Fig. 7c and d).

Figure 8 presents the worn surface morphologies of the 
PEEK composite and the transfer films tested with distinct 
velocity sequences at the pv-combination of 8 MPa and 1 
m/s. As can be seen in Fig. 8a and b, the PEEK composite 
presents similar patterns of the worn surface. Nevertheless, 
more deep ploughing furrows mainly resulted from the bro-
ken carbon fibers and the steel counterpart asperities can be 
clearly noticed on the worn surface during the sliding wear 
process with enhancing velocity sequence (cf. Figure 8a and 
Figure S2) [15], which correlate with the high friction and 
wear. In contrast, no obvious distinction of the transfer films 
can be observed under different sliding velocity conditions, 
as is shown in Fig. 8c and d. Increasing the velocity to 4 
m/s at 8 MPa causes obviously different worn surfaces. The 
ploughing furrows are aggravated (cf. Figure 9a and b). The 
PEEK composite suffers more abrasive wear under these 
load conditions and the distinction of both worn surfaces 
and the transfer films between different velocity sequences is 
marginal, which indicates similar friction and wear proper-
ties with different velocity sequences.

As is shown in Fig. 10a, the calculated maximum contact 
edge temperature (cf. Figure 1) of the polymer sample exam-
ined with increasing sliding velocity sequence at 1 MPa is 
5 to 10 °C higher than that with reducing velocity sequence 
up to 0.5 m/s. As is well known, thermoplastic materials 
display an easy-to-shear nature, when they are subjected at 
elevated temperatures. The distinction of the temperature 
leads to different load bearing capacity of the PEEK com-
posite, which closely relates to the low friction and high 
wear of the PEEK composite with increasing sliding velocity 
sequence at 1 MPa and slow sliding velocity. Therefore, the 
contact temperature plays a dominant role on determining 
the tribological properties of the PEEK composite under 
these sliding conditions. In contrast, the temperature is inde-
pendent on the velocity sequences at high sliding velocities 
above 1 m/s (cf. Figure 10a). Nevertheless, the specific wear 
rate strongly differs from each other with distinct sliding 
velocity sequences. Thus, the dominant wear mechanism 
is the abrasive nature and the different formations of the 
transfer films, as discussed above.

Regarding the temperature with distinct sliding velocity 
sequences at 8 MPa, it is found that the temperature differ-
ence becomes less pronounced compared to that at 1 MPa 
(cf. Figure 10b). Interestingly, the PEEK composite displays 
a clear difference of the temperature examined with differ-
ent velocity sequences at 8 MPa and 1 m/s. The maximum 

contact edge temperature with increasing sliding velocity 
sequence is 11 °C higher than that with inverse velocity 
sequence under the same pv-condition (cf. Figure 10b), 
which is approximate 85 °C. Herein, it must be indicated 
that this temperature is the maximum sample boundary 
temperature. The difference of the real contact temperature 
over the whole contact region with different sequences of 
the velocity must be much more prominent, which means 
that the maximum contact temperature is significantly higher 
than 85 °C. The result of the dynamic mechanical thermal 
analysis shows that the glass transition range of the PEEK 
composite is between 130 °C and 180 °C, in which little 
changing in the temperature can result in a dramatic altera-
tion of the mechanical properties (Fig. 11). Below and above 
this region, the dependence of the mechanical properties 
on the temperature is insignificant. Therefore, it is believed 
that the real contact temperature of the sliding pair induced 
by the frictional heating with increasing velocity sequence 
may locate in this transition region. High temperature in this 
characteristic temperature region leads to a strong soften-
ing of PEEK, and therefore increasing adhesion between 
the PEEK sample and the transfer films as well as the steel 
counterpart surface. As a result, the friction coefficient and 
specific wear rate show obviously higher values.

4  Conclusions

In the present study, the dependence of the friction and wear 
properties of PEEK and its hybrid composite on the tribo-
logical histories were systematically studied. Interesting and 
useful results are gained and the following conclusions can 
be drawn:

 (1). The influence of the velocity sequences on the fric-
tion behavior of pure PEEK is marginal. However, 

Fig. 11  Temperature-dependent evolution of the storage modulus of 
the PEEK composite
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its wear resistance at the initial pv-levels exhibits a 
strong dependence on the sequences of the velocity. 
Once PEEK transfer films cover the steel counterpart 
surface during the initial pv-level, the effect of the 
velocity sequences on the specific wear rate of the 
following pv-levels vanishes.

 (2). At a low pressure of 1 MPa, the friction coefficient of 
the PEEK composite is susceptible to distinct veloc-
ity sequences up to 0.5 m/s and its wear resistance 
depends also on the sequences of the velocity in the 
studied range. In contrast, the velocity sequences exert 
much less impact on the friction and wear properties 
of the PEEK composite at a pressure of 8 MPa except 
for the pv-combination of 8 MPa and 1 m/s, under 
which the PEEK composite presents poor tribological 
performance with increasing velocity sequence due to 
its strong adhesion and easy-to-shear nature induced 
by the high temperature under this load condition.

 (3). The tribological properties of both PEEK materials 
measured with different velocity sequences exhibit a 
clear correlation to the temperature of the sliding pair.

 (4). Overall, adhesion and abrasion are the main tribo-
logical mechanisms, which strongly depend on the 
pv-levels and velocity sequences.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11249- 021- 01452-8.
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