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A B S T R A C T   

The effects of surface topography, processing, and environment conditions during tribological contact between 
Ti6Al4V titanium alloy and UHMWPE friction pairs were systematically evaluated. Hence, in this research the 
polyethylene samples (blocks) having a constant surface roughness were rubbed against counter-bodies (rollers) 
made of titanium alloy with different roughness of surfaces. The counter-samples were manufactured using either 
dry machining and/or minimum quantity lubrication (MQL) conditions. Such cutting conditions are harmless to 
humans and the environment. Simulated body fluid (SBF) and distilled water was used to simulate the tribo-
logical trials. We have noted that the lubricant applied to protect the integrity of machined parts, the rollers, 
have only minor impact on the tribological features of the friction pairs tested. Further, the samples produced 
with dry machining demonstrated a slightly lower momentary friction coefficient and temperature. In contrast, 
the MQL method enable reduced friction surface and significant wear accumulation. Further, it was found that 
the minimum and maximum values of the Sa texture parameter associated to tribological parameters do not 
exceed 21% and 4%, when is used dry and MQL methods, respectively. Nevertheless, the distilled water revealed 
a much better wear resistance when comparing to SBF, and the later one trigger as well as an accentuated wear 
progress with different patterns. The results of the study are important in the design of new biomedical com-
ponents produced by finish turning.   

1. Introduction 

The surface integrity of materials used in the medical purposes are 
affected mainly by the wear process [1,2]. Nowadays, the implant 
introduced on the human body allows extending considerably the life 
expectancy [3–5]. There are many movable joints introduced on the 
human body (i.e. ankle, arm, elbow, wrist, skull or tooth) [6]. Initially, 
after joint replacement, implants perform their biomechanical function 
very well [7]. However, during longer life expectancy, regardless of the 
material used, they wear out, which is inevitable [6]. As a result of wear, 
toxic metal ions are transmitted through human body by the synergistic 
mechanism of combined friction and corrosion, which trigger serious 
and undesired reactions [8–11] as well as implant relaxation [12]. 

The ultra-high molecular weight polyethylene (UHMWPE) repre-
sents a common material designed as biomedical part. It results from its 
favorable tribological and mechanical properties and chemical stability 
[13]. UHMWPE is successfully used in orthopedic areas, e.g. as a sub-
stitute for artificial human joints, due to reduced friction coefficient and 
acceptable biocompatibility with the human body [14]. Another mate-
rial that is most used for implants is Ti6Al4V titanium alloy [4,15]. It is 
characterized by favorable mechanical attributes and a good combina-
tion between biocompatibility and corrosion resistance [16,17]. The 
artificial hip joints contain the combination of Ti6Al4V alloy and 
UHMWPE which provide an appropriate system [18]. 

A series of tribological studies have been devoted to biomedical 
friction pairs under different lubrication conditions. Chen et al. [19] 
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examined the performance of different biocompatible alloys (316 L 
stainless steel against Ti6Al4V titanium alloy) for their corrosion and 
tribocorrosion resistance using artificial sea water with Al2O3 ceramic. 
Friction accelerated the corrosion and material’s wear was higher in sea 
water than in pure water. Sonekar and Rathod [20] compared the 
tribological behavior of 316 L stainless steel manufactured as a 
disc-shaped sample and Ti6Al4V titanium alloy as ball. Ti6Al4V alloy 
demonstrated reduced wear rate compared with 316 L steel. Machining 
characteristics and cooling type were evaluated to detect the amount of 
wear produced by the “Ti6Al4V alloy CoCrMo alloy” simulated in harsh 
environment saline composition made of 0.9% NaCl in distilled water by 
Bruschi et al. [21]. There was noted that cryogenic condition are better 
conditions, when comparing to dry machining, showing lower friction 
coefficient and almost no metal debris there. Pure titanium CP-Ti, tita-
nium alloys Ti6Al4V and Ti-5Al-2.5Fe were verified by Choubey et al. 
[22] to understand their tribological behavior using Hanks simulated 
body fluid. A ball made of bearing steel was used as a counter-body. The 
dominant mechanism of wear was tribomechanical wear. The lowest 
coefficient of friction was registered for titanium alloy Ti-5Al-2.5Fe, for 
other alloys it was 1.5–2 times higher. Allen et al. [23] analyzed the 
wear of UHMWPE cooperating with Ti6Al4V titanium alloy. Surface 
modification were designed using nitrogen ions implanted either 
manufacturing UHMWPE surface layer and/or in the surface layer of 
titanium alloy in order to improve the tibological properties and the 
resistance to air oxidation [24]. The research was carried out under dry 
condition and distilled water lubrication. The presence of distilled water 
and lower surface roughness of friction pair elements ensured a decrease 
of friction coefficient. No polyethylene was observed on titanium alloy 
surface. Bian et al. [25] studied biocompatibility, biotribological prop-
erties and wear debris morphology of UHMWPE and ULWPE (ultra--
low-wear) at contact with CoCr alloy. The bovine serum lubricant was 
used when testing. ULWPE showed better abrasion resistance when 
comparing to UHMWPE. The worn surfaces morphology showed similar 
wear mechanisms for both materials, i.e.: adhesion wear, abrasive wear 
and fatigue wear. Wang et al. [26] researched the intensity of friction 
and wear of UHMWPE containing glass and carbon fibers in dry and 
distilled water environments. AISI 52100 steel manufactured with low 
surface roughness, Ra = 0.1 µm and 0.3 µm was used as a counter-body. 
It was found that the coefficient of friction in the environment with 
distilled water was lower compared to dry friction. Also, they noted as 
beneficial presence of a thin water layer located at the interface of metal 
and polymer which in turn prevents adhesion wear and the filling of 
polyethylene with fibers additionally reduced the coefficient of friction. 
Barret et al. [27] investigated the effect of surface roughness and friction 
speed on tribological behavior of UHMWPE − stainless steel pair. 
Melting of polyethylene was observed at higher surface roughness and 
sliding speeds. At higher speeds it was observed that the influence of 
roughness on the wear intensity was decreasing. Wear debris were 
observed on the stainless-steel surface. Xiong et al. [28] studied friction 
and wear properties of UHMWPE against ion implanted Ti6Al4V alloy in 
the environment of distilled water. On the surface of titanium alloy, the 
graded titanium oxide-titanium nitride film was formed. The surface 
engineering, with ion implantation, for the UHMWPE can lead to as 
much as 5 times lower friction coefficients and up to 40 times reduction 
of wear amount. Further, the surface of Ti6Al4V alloy can reveals 
numerous deep grooves without ion implantation, however after 
modifying the surface with this engineering treatments almost no defect 
are identified. Langhorn et al. [29] analyzed wear of HDPE polyethylene 
in contact with microtextured CoCrMo alloy. The studies were carried 
out in the environment of bovine serum. Compared to the polished 
CoCrMo surface, the microtextured surface ensured reduction of poly-
ethylene wear by over 50%. 

There is almost no information concerning the influence of contact 
surface processing conditions i.e. surface topography and also influence 
of cooling conditions on the interaction of titanium alloys with poly-
ethylene. However, the processing conditions affect the surface 

topography [30], tribological properties [31] or corrosion resistance 
[32]. The heat treatment was applied by Sartori et al. [33] to improve 
the integrity of surface condition of Ti6Al4V; then this treatment was 
followed by machining in dry and cryogenic cooling conditions. 
Compared to dry machining, cryogenic machining provides less surface 
defects, but the deterioration of surface topography was noted. A 
detailed examination was provided by Zhang and Liu [34] on the surface 
topography generated by dry finish turning of Ti6Al4V alloy. They 
indicated that the Ra and Rz parameters are affected majorly by the 
higher amount of feed rate. Further, Sun et al. [35] applied dry 
machining on the Ti-10 V-2Fe-3Al alloy to detect its surface integrity 
performances. It was revealed that a higher cutting speed can reduce the 
number of defects on the machined surface. In mean time, they noted 
that a better surface condition can be achieved with smaller feeds rate. 
Other studies, on the machinability of Ti-5553 alloy were performed by 
Sun et al. [36]. They found the best roughness condition applying MQL 
machining process while wet conditions and cryogenic cooling were 
slightly detrimental. 

To further improve the state of art, this paper is focused to funda-
mentally describe the effect of the surface topography and processing 
conditions on the tribological and wear behavior of Ti6Al4V titanium 
alloy and UHMWPE pairs subjected to different environment, i.e. 
distilled water and simulated body fluid (SBF). It allows the simulta-
neous analysis of surface features and environment effect on implants 
life expectancy. The obtained research results are extremely important 
from the point of view of designing new biomedical components used for 
human implants produced by finishing turning. 

2. Materials and methods 

The rollers (counter-bodies) were made of Ti6Al4V titanium alloy. 
According to ISO 5832–3:2016 this material is characterized by elastic 
modulus of 110–114 GPa, a tensile strength of 960–970 MPa, yield 
strength of 850–900 MPa, fatigue strength of 620–725 kJ/m2. Samples 
(blocks) were made of ultra-high molecular weight of polyethylene 
(UHMWPE). The density of UHMWPE used is 0.93 g/cm3, while the 
average molecular weight is ~5 Mio. g/mol. It has a modulus of elas-
ticity ≥ 700 MPa, tensile strength ≥ 30 MPa, yield strength ≥ 17 MPa, 
fatigue strength ≥ 170 kJ/m2, softening temperature ~80 ◦С and 
melting temperature 130 − 140 ◦С. 

The rollers were processed using a DMTG CKE6136i CNC lathe. 
Further, the lathe cutter was equipped with a tool holder (CoroTurn 
SDJCR 2525 M 11) and an insert (CoroTurn DCMX 11 T3 04-WM 1115) 
in order to manufacture the samples. A GC1115 insert material coated 
with cemented carbide (S group as per ISO 513:2012 standard) and (Ti, 
Al)N + (Al,Cr)2O3 coating which were produced under PVD method 
were used. A constant depth of cut, equal to 0.5 mm, was used that 
corresponds to medium finish machining. It can be obtained usually 
imposing a cutting speed of 37.5 − 125 m/min corroborated with a feed 
rate of 0.05 − 0.4 mm/rev. Near-dry cutting conditions were applied 
using either dry conditions and/ or minimum quantity lubrication 
(MQL), that ware described by Krolczyk et al. [37]. Parameter Space 
Investigation (PSI) strategy was implemented to design the test plan 
[38] and the minimum and maximum values of surface roughness pa-
rameters were determined. 

Optical profilometry under Sensofar S Neox 3D machine were 
employed to detect the surface machined topography. Measurement 
results were analyzed using Mountains Maps Premium 7.4 software. For 
the analysis, the most widely used 3D surface roughness parameter Sa 
(arithmetical mean height of the scale limited surface), Ssk (Skewness) 
and Sku (Kurtosis) as high parameters and hybrid parameters Sdq (root 
mean square (RMS) surface slope) and Sdr (developed interfacial area 
ratio) was chosen; according to ISO 25178–2:2012. The use of multiple 
combinations, of roughness parameters, offers effective solutions to 
describe the surface evolution subjected to different machining opera-
tion. The parameter correlation Ssk and Sku enable creating Ssk-Sku 
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topological map which leads to an appropriate assessment of the dis-
tribution of surface irregularities. They depend mainly of high peaks and 
deep pits characteristics [39]. Further, the parameter correlation Sdq 
and Sdr enables creating Sdq-Sdr (hybrid) topological maps used for the 
identification of defects and probably some discrepancies on the surface. 
It can be used as well as to reveals some microgeometry and structural 
changes generated by the wear processes [40]. Based on the results 
obtained for the analyzed cooling conditions, minimum and maximum 
Sa values of the tested rollers were determined. The minimum Sa value 
of the surface treated was 0.36 µm for both dry and MQL conditions, 
while the maximum values were Sa = 2.24 µm and Sa = 1.84 µm, 
respectively. The polyethylene samples were processed by grinding to 
obtain the surface roughness parameter Sa = 0.4 µm. The widths of the 
wear trace were measured using the Dino Lite AM7013MZT digital 
universal microscope which has very good accuracy, about 1 µm. The 
patterns morphology produced by the surfaces interacted as a friction 
pair was examined using the digital optical microscope Zeiss Axio 
Observer A1m. 

Tribological tests were carried out with the use of the self-made A- 
135 tester, which allows to conduct experiments in the "block-on-disc" 
system under concentrated load conditions. In this system, the 
UHMWPE block remained stationary while the Ti6Al4V alloy roller 
rotated at a constant speed. This is similar activity pattern to the hip 
joints work, where the femoral head makes movements relative to the 
acetabulum [4]. The rollers tested were of 50 mm diameter and 15 mm 
width, and the blocks had the width of 10 mm, height of 14 mm, and 
length of 20 mm. At the center of the side wall of the block, there was 
drilled a hole to accommodate a thermocouple for registering the ther-
moelectric force. It was placed at a 2 mm distance from the friction 
surface. 

The applied method enables the simulation of various operating 
conditions, e.g. at high temperature, high friction speeds or high load 
[41]. Distilled water and simulated body fluid (SBF) were used as lu-
bricants. The chemical composition of SBF is shown in Table 1 and is 
close to the chemical composition of human blood plasma. The SBF fluid 
solution had a pH in the range of 7.2–7.4. In vitro studies conducted in 
the presence of SBF may result in the formation of an apatite layer on the 
metal surface, which is considered to be a factor affecting the ability to 
connect bones [42]. Distilled water was considered as base fluid for the 
SBF. The use of different research conditions, which are due to different 
masses and movement intensity of humans or the different temperatures 
that surround their bodies was described for tribological testing of 
biomaterials. The parameters of the tribological tests were determined 
on the basis of preliminary tests. During the tribological tests the 
lubricant was fed with the rate of 30 drops/min, which provided con-
stant non-intensive lubrication (as occurs in the human body). A con-
stant 500 N load collaborated with a friction speed of 0.5 m/s were 
applied. The friction cycle time was set to 30 min. Due to the varying the 
loads and intense work of artificial human joints, such loads, the speed 
and time of the friction cycle were used to ensure that the temperature in 
the friction zone would be close to but not exceed the softening tem-
perature of UHMWPE. In the tests, the measurements were repeated 3 

times, and the standard deviation did not exceed 5%. Measurement 
uncertainty was controlled according the method A of ISO and VDA5 
recommendations. 

During the tests, changes in the momentary friction coefficient ⌠ch as 
well as changes in temperature T in the friction zone over time were 
registered. Volumetric wear Iv and wear rate Iv0 of the samples tested 
were determined using measurements of the width of wear traces. Cal-
culations were fulfilled using equations [44]:  

• Momentary coefficient of friction μch⌠ch: 

μch =
2Mt

PoD0
(1)  

where: Mt – moment of friction, Nm; Po– load, N; D0 – roller diam-
eter, mm.  

• Volumetric wear IV : 

IV =
D2

olp

8

{

2arcsin
(
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(2)  

where: lp– block width, mm; b – average width of wear trace, mm.  
• Wear rate IV0: 

IVo =
IV

L
(3)  

where: L – friction path. 
Fig. 1 presents and overview with the entire experiment set-up used 

in this research. The lathe machine was used to produce the samples. 
Then, the samples were evaluated for roughness with a 3D profilometry. 
Once the surface was certified as statistical uniformly the samples were 
subjected to tribological trials. Finally, the worn surface was analyzed 
for their microstructure characteristics. 

3. Results and discussion 

Details of 3D topography, of the rollers surface submitted to finish 
turning imposing dry and MQL machining conditions were depicted in  
Fig. 2. Here, the main characteristics correlated were minimum and 
maximum Sa values. The analysis surface with Sa parameters reveals 
some regular small feed traces that appear as peaks and valleys and also 
irregularly spaced stickers, morphologies indicated also in Leksycki and 
Feldshtein [45]. They may occur as a result of adhesive chip sticking to 
the machined surface. Krolczyk et al. [39] found that stickers which are 
cut off during friction process are susceptible to wear formation and 
acceleration of defect. Otherwise, the maximum Sa parameters offer 
information about formation of feed traces over the surface which has 
regular high peaks and valleys, morphology which was also highlighted 
in Bordin et al. [46]. In the case of the minimum Sa values, the changes 
on the surfaces reach 13 µm for dry machining and 9 µm for MQL, and 
for the maximum Sa values, 16 and 18 µm, respectively. 

Fig. 3 presents the material ratio curves together with distributions 
of peak height associated to the rolls surfaces in respect to the minimum 
and maximum values of Sa parameter after finish turning in dry and 
MQL conditions. There, the minimum Sa for either cooling conditions 
has a mixed directionally nature for the machined surface peaks, while 
for the maximum Sa it is periodic. 

Fig. 4 shows the Sku-Ssk map and the Sdq-Sdr (hybrid) map of the 
surface of the rolls with the minimum and maximum Sa values after 
finish turning in dry and MQL conditions. By analyzing the Sku-Ssk map 
(Fig. 4a), and comparing the area with the maximum sizes, for the 
minimum Sa values it is revealed a slightly decrease in the Ssk param-
eters. The dry cutting surfaces generated with a low value of the Sa 
parameter are characterized by deeper valleys. The value of the Sku 
parameter below “3” number proves the regular shape of the surface 
[39]. Thus, the dry cutting which generated surface with low value Sa 
parameter forms irregular surfaces. It is characterized by numerous 

Table 1 
Chemical composition of SBF [43].  

Reagents SBF solution, amount (g l– 1) 

NaCl 8.035 
KCl 0.225 
CaCl2 0.292 
NaHCO3 0.355 
Na2SO3 0.072 
K2⋅HPO4.3 H20 0.292 
MgCl2.6 H2O 0.311 
1 M HCl 39 ml 
Tris 6.118 
1 M HCl 0–5 ml  

K. Leksycki et al.                                                                                                                                                                                                                                



Tribology International 170 (2022) 107504

4

Fig. 1. Experimental setup to produce the samples and evaluation.  

Fig. 2. The 3D topography of the rollers surface made of Ti6Al4V alloy.  
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single sharp and high peaks (see details in Fig. 2). Niemczewska-Wójcik 
[47] showed that from the tribological point of view, sharp peaks in the 
initial stage of friction will be cut off. By analyzing the Sdq-Sdr map 
(Fig. 4b) we understood that the lower surface roughness value is ach-
ieved, regardless of the cutting conditions. Further, it can be seen a 
reduction in the Sdq and Sdr hybrid parameters, associated to a smaller 
number of surface defects, injuries and machining discrepancies [40]. 

Fig. 5 depicts the variation in friction coefficient for the duration of 
trial. They are provided for various surface having different minimum 
and maximum Sa values caused by different processing conditions in the 
presence of distilled water (Fig. 5a). For maximum Sa values and dry 
turning conditions, the momentary coefficient of friction was the 
smallest and decreased over time. Such changes were associated to 
increasing gradually of area of contact between the sample and the 

Fig. 3. Patterns of material ratio curves and peak height distributions for the rollers surface made of Ti6Al4V alloy.  

Fig. 4. Sku-Ssk map (a) and Sdq-Sdr map (b) of the rollers surface made from Ti6Al4V titanium alloy.  
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counter-body and a decrease in actual pressure. Similar changes were 
observed in the case of SBF presence (Fig. 5b). The highest momentary 
coefficient of friction was recorded for minimum Sa values and MQL 
cooling conditions with the presence of SBF. Moreover, it was found that 
the running-in time of the tested friction pairs can be determined as 
short. 

The influence of friction surfaces processing and lubrication condi-
tions on the values of momentary friction coefficient, temperature and 
wear rate is shown in Fig. 6. It was found that the type of lubricant do 
bring only minor variation on tribological properties. Compared to the 
minimum Sa values, the maximum Sa values provide more favorable 
results. For minimum Sa, a slight reduction in momentary friction co-
efficient and temperature was observed for dry machining, nevertheless 
a higher reduction in wear rate was achieved using MQL. For maximum 
Sa, a reduction of the analyzed tribological properties was achieved for 
dry machining compared to MQL. The changes of the parameters tested 
are presented in Tables 2 and 3. For surfaces processed under dry 
machining, for minimum Sa compared to maximum Sa, parameter 
changes on an average of ~21% were obtained. On the other hand, for 
rollers processed under MQL conditions, parameter changes of ~4% 
were obtained. 

When analyzing the tribological properties of the friction pair 
“Ti6Al4V alloy–UHMWPE”, the properties of the materials and the in-
fluence of temperature occurring in the friction zone should be consid-
ered. Under significant loads, the average temperature of the contact 
surface approaches the softening temperature of polyethylene. It in-
fluences the progression of the friction process because particles of the 
melted material penetrate into the micro-irregularities on the surface of 
titanium alloy rollers, as shown by Baena and Peng [48]. 

The worn surfaces of samples and counter-bodies treated under dry 
processing conditions and MQL conditions, as well as surface features 
caused by various physical phenomena are shown in Figs. 7 and 8. 

The analyses of tribological behavior of friction pairs require 
considering the common interaction of the temperature in the friction 

zone and the properties of the materials tested. Dong et al. [49] indi-
cated that the greater temperature on the friction knot is responsible for 
the risk of wear processes, creep and degradation of UHMWPE. Under 
high loads, the friction temperature is close to the softening temperature 
of polyethylene. Taking into account the temperature gradient, it results 
in the melting of the polyethylene at the contact area, so that 
pseudo-liquid friction can occur. The temperature also promotes the 
adhesion of materials, when a roughness peak of the rollers interacts 
with polyethylene. It leads to the formation of numerous debris parti-
cles, and quasi similarity patterns for the polyetheretherketone 
PEEK-52100 - stainless steel pair were observed also by Laux et al. [50]. 

Fig. 5. Changes in friction coefficients over time in the presence of (a) distilled 
water and (b) SBF. 

Fig. 6. The influence of processed conditions and lubricant on tribological 
properties tested. 

Table 2 
Changes in tribological properties under dry machining conditions for minimum 
Sa compared to maximum Sa.  

Parameters tested Lubricating medium 

Distilled water SBF 

⌠ch ↑ 17% ↑ 11% 
T ↑ 11% ↑ 4% 
Iv ↑ 20% ↑ 21%  

Table 3 
Changes in tribological properties under MQL machining conditions for mini-
mum Sa compared to maximum Sa.  

Parameters tested Lubricating medium 

Distilled water SBF 

⌠ch ↑ 4% ↑ 3% 
T ~const ↑ 4% 
Iv ↑ 2% ↓ 2%  
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Peaks on the roller surface in the form of feed ridges cause ploughing 
regardless of the rollers machining conditions and the type of lubricant. 
The presence of SBF intensifies the most of wear characteristics 
compared to distilled water. In fact, this can occur as an active reaction 
between anion and reactive metal surface [51]. Nevertheless, we have 
noted that the friction coefficient were slightly lower comparing to dry 
friction. 

The mechanical and thermo-physical properties of the Ti6Al4V 

titanium alloy are much higher than those of UHMWPE, and therefore 
the wear of Ti6Al4V alloy rollers surfaces is negligible. The radial wear 
values measured with a high-resolution optimeter were of ~0.5 µm, i.e. 
20% of the class 7 tolerance. The value were found almost the same over 
the whole wear cycle. However, polyethylene interacts actively with 
titanium alloy surfaces, as shown in Figs. 7 and 8. The major issue for 
long-term failure which leads to total joint replacement is associated to 
wear particles promoted by the UHMWPE as per Raffi and Srinivasan 

Fig. 7. Worn surfaces of samples and counter-bodies caused by friction in the presence of distilled water machined under (a) dry and (b) MQL conditions: 1 – 
abrasion tracks, 2 – adhesion areas, 3 – ploughing areas, 4 – debris particles, 5 – self-oscillation trails, 6 – melting areas, 7 – feed trails, 8 – turning trails. 
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[52]. During friction in the presence of distilled water and SBF at low 
surface roughness and for dry and MQL machining conditions on 
UHMWPE surfaces, both adhesion joints and debris particles are 
observed. Additionally, there are melting areas in the presence of SBF. 
Compared to MQL cooling method, larger wear areas are observed on 

UHMWPE surfaces cooperating with the surface of Ti6Al4V alloy after 
dry cutting. Whereas, at high surface roughness only debris particles and 
melting areas are observed. On UHMWPE surfaces, larger melting areas 
are observed in the area of contact with the Ti6Al4V alloy surface for the 
dry cutting, while in the area of contact with the surface machined with 

Fig. 8. Worn surfaces of samples and counter-bodies caused by friction in the presence of SBF machined under (a) dry and (b) MQL conditions: 1 – abrasion tracks, 2 
– adhesion areas, 3 – ploughing areas, 4 – debris particles, 5 – self-oscillation trails, 6 – melting areas, 7 – feed trails, 8 – turning trails. 
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MQL method, greater amounts of debris particles. At the same time, 
traces of feeding and waviness caused by self-excited oscillations are 
observed on the rollers surface formed by finish turning, which was 
confirmed by the studied carried out by Leksycki and Feldshtein [45]. 
The similar influence of surface roughness was reported by Borjali et al. 
[53] and Nakanishi et al. [54]. No significant differences were observed 
on the worn surfaces of the Ti6Al4V alloy between the lubricants used in 
the tests, namely distilled water and SBF. 

4. Conclusions 

In this research were focused to detect the effects of surface topog-
raphy as well as processing and environment conditions on tribological 
characteristics, especially momentary friction coefficient, temperature 
and wear rate of “Ti6Al4V alloy used against UHMWPE” friction pairs. 
The evaluation was performed on samples made of polyethylene with 
constant surface roughness and titanium alloy counter-bodies produced 
using finish turning under different conditions, with appropriate futures 
for human and the environment (dry and MQL) leading to different 
roughness of surface. Distilled water and simulated body fluid (SBF) 
were used as environment for the tribological trials conducted in this 
study. The following summary conclusions were found: 

• Under dry and MQL machining conditions we achieved using mini-
mum Sa a mixed directionally nature of the machined surface peaks 
while the maximum Sa triggered a periodic nature.  

• The surfaces with maximum Sa values are characterized by sharp 
ridges, while surfaces with minimum Sa values are characterized by 
deeper valleys (especially for dry cutting). In addition, the surface 
with the minimum value of the Sa parameter after dry cutting is 
characterized by an increased number of sharp peaks compared to 
the surface after MQL conditions.  

• The maximum Sa values provided more favorable results in respect 
to minimum Sa values. It is found that by using either distilled water 
or SBF some changes occur but they are marginal. Their tribological 
parameters do not exceed 21% and 4% using dry and MQL methods, 
respectively.  

• Both for distilled water and SBF a lower momentary coefficient of 
friction and temperature have been recorded for dry-machined rol-
lers, while less wear rate was observed for rollers processed under 
MQL conditions.  

• Regardless of processing conditions and lubricant type, the main 
wear mechanisms of polyethylene were found as abrasion, adhesion 
and ploughing. The presence of debris and melting areas were also 
noticed. No wear was observed under titanium alloy analyzed, which 
can provide long-term and stable friction conditions on worn sur-
faces debris. However, small areas of polyethylene adhesion without 
significant changes in surface texture were observed. 

• The type of lubricant practically does not affect the wear of the ti-
tanium alloy. Under dry and MQL machining conditions, on the 
samples with smaller surface roughness the wear may leads to the 
adhesion and formation of polyethylene particles on the titanium 
sample surface, whereas on the samples surfaces with a higher 
roughness the adhesion is not observed.  

• The obtained research results are extremely important from the point 
of view of the designing of new biomedical components used for 
human implants produced by finishing turning. 
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