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ABSTRACT: CoCrMo alloys having good corrosion resistance and high mechanical properties as well
as good biocompatibility, are widely used in biological applications such as implants. As wear resistance
of these parts is important, in this work, the effects of applied load and wear distance on the tribological
behavior of CoCrMo alloy produced by powder bed fusion of metals using a laser beam method have
been evaluated. Results showed that by increasing the applied force, the amount of volume lost increases
according to a two-degree polynomial equation. Also, it was observed that by increasing the sliding
distance from 500 to 1000 m, the total volume loss increases from 1500 to 2500 mm3 and the wear
mechanism changes from severe abrasion to adhesion and weak abrasion.
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1- Introduction

ASTM F75, a CoCrMo alloy, with the chemical
composition of Co-Cr(27-30 wt.%)-Mo(5-7 wt.%) is
widely used in biological implants due to its high corrosion
resistance[ 1], biocompatibility[2]a selective and spatially
varying electrochemical response resulted in generation of a
nanoscale surface morphology) crests and troughs and good
wear properties[3]. Powder Bed Fusion of Metals Using a
Laser Beam (PBF-LB/M), known as selective laser melting
(SLM), is one of the additive manufacturing processes in which
metallic powders are melted using a laser beam. This melting
is selective according to the applied CAD models. Today
many attentions have been focused on producing CoCrMo
alloys using the PBF-LB/M process[4]. It has been reported
that the PBF-LB/M process has better biocompatibility in
comparison to the casting method[5]. Recently, Lam et. al.
6]] have improved the mechanical properties of CoCrMo
alloys produced by PBF-LB/M by applying heat treatment
and thereby increasing the martensite phase. In most of the
published works in the field of wear behavior of CoCrMo
alloys produced by the PBF-LB/M process, the effects of
post processing heat treatment on the tribological behavior
have been evaluated and there are limited results showing
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the influence of the applied force and sliding distance on the
volume and mechanism of wear. This study is designed to
cover this research gap.

2- Experiments

CoCrMo samples were produced using a PBF-LB/M
machine with a laser power of 200 W under Argon gas
protection. A strip scanning strategy was utilized with a
strip size of 5 mm, a starting angle of 45 and a rotation of 67
between each layer. Details of the production process can be
found in [7]. The lost mass of samples during the wear tests
were determined and considering the nominal density of 8.28
g/cm’ the total lost volume of samples was calculated. Finally
the worn surface of the samples was evaluated using FE-
SEM equipped with EDS analysis.

3- Results and Discussion

Fig. 1 (a) shows the total volume loss of CoCrMo
samples after the wear tests as a function of applied load for
the sliding distance of 500 m. It can be seen that the volume
loss for the applied load of 25 N is just 700 mm?, while this
parameter is 50 and 5500 mm?® for the applied forces of 50
and 100 N, respectively. This indicates that the amount of
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wear is increased at higher rates with higher forces. Results
of the non-linear regression of the total volume loss as a 60 ! L .
function of the applied load are illustrated in Fig. 1 (b). It
is obvious that the obtained quadratic polynomial fits well
with the experimental data with the R2-error value of 1. The
fitted equation is: T.V.L =0.006 F?> - 0.173 F + 7.313, in
which T.V.L and F indicate the total volume lost (mm?) and
applied force (N). Fig. 1 (c) presents the total volume loss of
samples after wear test under the applied force of 50 N. It can
be observed that as the sliding distance increases from 500 to
1000 m, the volume loss is increased from 1490 to 2520 mm?
,1.e. 1.7 times more.

For evaluating the effects of applied force and sliding
distance on the wear mechanism of samples, FE-SEM images
of them were examined after the wear test. Fig. 2 shows the
worn surface of the sample under the applied force of 50 N 25N 50N 100 N
and the sliding distance of 500 m. White and yellow arrows a
indicate the grooves and products of wear separated from the 60
surface, respectively. As grooves and plough are distributed
in almost all parts of worn surface, it can be deduced that the
main mechanism is abrasion wear in this condition.

By comparing Fig. 2 a and b, it can be seen that the depth
of grooves decreases with increasing applied force. Also,
many separated parts of worn surfaces is present in Fig. b.
Thus, it is concluded that the wear mechanism changes from
abrasion to adhesion one by increasing the appliedd load. In
fact, as the applied force increases, the temperature of the
surface rises[8] and thereby the surface is noticeably oxidized.
Therefore, the formation of deep grooves is prevented by
these hard oxides. : : : . . : . : :

Fig. 2 c illustrates a FE-SEM image of the sample 20 30 40 50 € 70 80 90 100
worn under a force of 50 N and a sliding distance of 1000 Load (N)
m. By comparing this image with Fig. a it can be said that
by increasing the sliding distance, the wear mechanism L
changes from severe abrasion to adhesion and weak abrasion
mechanisms. This is due to the oxidation of the surface
with increasing wear time. Orange arrows show the cracks
that appeared along the wear tracks causing fractures and
separating some parts (see yellow arrows).
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4- Conclusions

1- Results showed that the volume loss of worn samples
increased 2.14 and 7.86 times as the applied load increased
from 25 to 50 and 100 N, respectively , showing the
progressive increase of wear with increasing the applied
load.

2- The variation of volume loss as a function of the applied
force was well modeled using a second order polynomial. 500 m 1000 m

3- By increasing the applied load, the wear mechanism
was changed from severe abrasion to the adhesion one. C

4- With increasing the sliding distance, the amount of
volume loss increased 1.7 times. Fig. 1. (a) The total volume loss of samples as a function

of applied load, (b) a regression applied to the data in
(a) and (c) the total volume loss of samples as a function
of the sliding distance.
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5- The wear mechanism changed from the severe abrasion
to adhesion and weak abrasion by increasing the sliding
distance.
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Fig. 2. FE-SEM image of worn surfaces of samples at
various conditio
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Fig. 1. The schematic of the powder bed fusion of metals using a laser beam process used for manufac-
turing the initial samples.
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Table 1. Production parameters for producing samples using powder bed fusion of metals using a laser
beam process
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Fig. 2. (a) The initial samples produced by powder bed fusion of metals using a laser beam process and (b) the
schematic of samples cut for use in wear tests.
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Table 2. The total volume loss (mm3) of COCrMo samples after wear test at various conditions of ap-
plied force and sliding distance.
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Fig. 6. The total volume loss of CoCrMo samples worn at various sliding distances under a force of 50 N.
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Fig. 6. The total volume loss of CoCrMo samples worn at various sliding distances under a force of 50 N.
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Fig. 8. (a) The FE-SEM image of worn and separated particles from the surface of sample under the condition of
S50N-1000m, (b) to (e) the results of EDS-map extracted to show the distribution of O, Cr, Co and Mo, respectively,
and (f) the EDS-point analysis for particles shown in (a).
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