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Abstract – Failure of equipment for processing olives interrupted oil production after only three weeks due
to tribocorrosive wear of stainless steel components. Tribological behavior of 304 L stainless steel sliding
against 52 100 steel was determined using a pin on disc tester. Tribological tests have shown that both
normal load and rotating speed have a distinct effect on friction and wear behavior of the studied steel. An
abrasive wear mechanism and plastic deformation of stainless steel on the wear track were investigated via
an optical microscopy analysis. The concept of dissipated energy showed a significant correlation between
the mass loss and the dissipated energy during the contact of the friction test. Then tribological behavior
of 304 L stainless steel sliding against olive wood was studied. The steel was sensitive to tribo-oxidation,
mostly due to abrasion by wood which presents a similar material to olive seed.
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1 Introduction

Wear is regarded as a critical factor influencing the
service life and even the performance for food process-
ing, orthopedic implants, nuclear fuel reprocessing and
many other industrial applications [1–3]. It is reflected
by a loss of surface material due to mechanical interac-
tion between two or more bodies in sliding contact [4, 5].
Designers and engineers always make optimal decisions
to enhance material durability and solve industrial wear
problem. Despite many interesting solutions, particularly
in the area of olive oil industry, degradation phenomenon
of material surfaces still exists. One of the steps in the
olive oil extraction process is the olive crushing to obtain
a paste composed by a solid part (olive seeds and vege-
table rests) and other liquids (oil and water) by means of
hammer crusher (Fig. 1).

Olives are introduced into the crusher chamber which
received an inflow of about 30 kg.h−1 from a hopper. The
eight hammers are positioned onto the shaft of the motor
which is fixed inside the chamber. The hammers crush
the olives against a counter beater (height = 5 mm) and
a stationary grid with holes (Ø = 5 mm). The rotating
speed of the hammers is 3000 rpm according to the de-
signer of the machine. The centrifugal force applied by
the seed on the hammer is about 44 N.

a Corresponding author:
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This process results in a serious problem of the total
damage of the hammers, which occurs after three weeks
of operation in average under severe mechanical action.
Three weeks operation corresponds to 21.6 × 106 cycles
with a mean time production of 8 h per day. Figure 2
shows optical observations of worn hammer.

A critical change of geometry is noticed. Such changes
are referred to wear and deformation. Wear is due to the
removal of metal amounts by abrasions. Seed particles,
interposed between the hammer and the counter beater,
are the main responsible of abrasive wear phenomenon,
while plastic deformation occurs when high pressures are
exerted by the hammer to cut olive due to the high ro-
tating speed [6]. Some points of oxidative wear are shown
in the surface of worn hammer.

Various steel grades were tested for a more resistant
material and the 304 L stainless steel was recently per-
formed by the industry. However, the wear problem of
hammers still persisted. Consequently, it is necessary to
replicate this damage in laboratory scale by testing ma-
terial with pin on disc tribometer. The rotating hummer
can be simulated with a rotating disc fixed in engine axe
of tribometer as well as the pin takes the role of seed
particle.

In literature [7–20] normal load and sliding speed were
the appropriate parameters in friction and wear studies.
Therefore, an attempt is made to investigate these pa-
rameters effect on wear behavior of 52 100 steel against
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Fig. 1. Hammer crusher: (a) Chamber (b) Hammers and (c) Grid.

 

 

Fig. 2. Worn hammer.
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Fig. 3. Optical morphology of 304 L stainless steel.

stainless steel in order to reproduce the hammer wear.
The objectives of this present paper is (i) to study the
effect of load and speed on the reproducibility of ball on
disc test results, (ii) to quantify friction and wear of stain-
less steel under rotating sliding and (iii) to determine a
possible relationship between wear volume and dissipated
energy under friction.

2 Materials and methods

2.1 Specimens and surface preparation

Experiments were performed on 304 L stainless steel.
It is an austenitic stainless steel with face-centered cu-
bic crystallographic structure. It is characterized by a
Young’s modulus of about 200 GPa and microhardness
of about 170 ± 7 HV with a load of 10 N and a dwell
time of 15 s.

The material is provided in form of plates with a thick-
ness of 9 mm. Specimens were cut in a square shape of
20 mm in length per side for tribological tests. They were
mechanically polished with SiC papers up to 1200 grade
to have a roughness of Ra = 011. Then, they were ultra-
sonically cleaned in distilled water, degreased with ace-
tone and dried to be prepared for the tribological tests.

Morphology observation was carried out on surface
material before test and the cross section of wear track.
The surface was polished with several grades of alumina
pastes grade down to 1 μm to obtain a mirror surface
(Ra = 0.08 μm). The optical micrographs in Figure 3
show a microstructure with a mean grain size of approx-
imately 20 μm. Such a structure was also observed by
Goutie et al. [21].

2.2 Tribological measurement

The wear tests were performed on a pin on disc tri-
bometer. It consists mainly of a 52 100 steel ball with a di-
ameter of 6 mm and a surface roughness of Ra = 0.03 μm

fitted on the top of a horizontally rotating disc. The clean-
ing process of the 52 100 steel balls is similar to specimens
one. The stationary ball was loaded under a dead weight.
The disc was driven by a d. c. motor. The tangential force
originating from the normal force was measured on-line by
a load sensor (strain gauge). The load sensor ranges from
0.5 to 10 N. The test was repeated three times and fric-
tion coefficient μ was represented versus time. The testing
conditions used in this study are listed in Table 1.

The normal force was applied by a dead weight. The
maximum compressive contact pressure was calculated
using the following expression [22].

σmax =

[
6 P (E∗)2

π3 R2

] 1
3

(1)

where
1

E∗ =
1 − γ2

1

E1
+

1 − γ2
2

E2
(2)

with P the applied load, R the radius of the ball, E1,2 the
young’s modulus 200 and 210 (GPa) and γ1,2 Poisson’s
ratio 0.27 and 0.3 of specimen 304 L stainless steel and
ball 52 100 steel, respectively. Hertzian contact pressure
and area for a point contact (σx) at the different normal
loads are presented in Table 1. These pressures confirmed
that the considered contact is plastic (σx > 1.1σy) where
σy = 209 MPa. The 304 L stainless steel is deformed plas-
tically at the static contact area by applying these normal
loads. The real contact area of seed particles depends on
its sizes which are between 1 and 6 mm of diameter. Their
contact pressures range between 1528 and 5046 MPa. This
real pressure is higher than the maximum pin pressure at
static contact. Thus, the tribological answer of the sur-
faces with the variation of friction is only studied by vary-
ing rotating speed from 0.052 to 0.209 (m.s−1).

After the friction test, wear debris were recovered with
a transparent adhesive tape. Typical optical micrographs
of wear track were performed for wear track and its cross-
section. The wear track parameters (width, depth and
area) were determined from optical morphology of the
cross section. Then specimens were cleaned ultrasonically
in ethanol to remove the loose wear debris for quantitative
analyses. Quantitative wear was performed using mass
loss measurements on a balance with a 0.01 mg precision.

3 Results et discussions

3.1 Influence of the normal load on tribological
behavior and wear

In this section, the variation of normal load is car-
ried out in the range of 1 to 8 N using a speed of
0.052 m.s−1. Figure 4 shows a superposition of friction
coefficient curves for all tests. The highest steady state
of friction coefficient 1.15 is observed at a normal load
of 1 N. This steady state decreases with normal load to
reach 0.65 at 8 N.
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Table 1. Summary of the test conditions.

Normal load (N) 1, 2, 4, 8
Maximum Hertzian contact pressure (MPa) 644, 811, 1022, 1290

Hertzian contact area (103 mm2) 2.3, 3.7, 5.9, 9.3
Wear track diameter (m) 0.01

Speed (rpm) 100, 200, 300, 400
(m.s−1) 0.052, 0.104, 0.157, 0.209

1 cycle (s) 0.6, 0.3, 0.2, 0.15
Testing environment Ambient air
Temperature (◦C) 24

Relative Humidity HR (%) 35

Fig. 4. Friction coefficient as a function of cycle number at different normal loads, rotating speed (rpm): 0.052 m.s−1, HR
(%: 35).

Typical data on the variation of friction vs. cycle num-
ber of the 304 L stainless steel/52100 steel contact are
shown in Figure 5a under a normal load of 1 N. After
friction test, the wear debris were recovered with a trans-
parent adhesive tape (Fig. 5b). Figure 5a shows that the
friction coefficient undergoes three phases at a rotating
speed of 0.052 m.s−1: contact establishment (Ph.1), fric-
tion coefficient increase (Ph.2) and friction coefficient sta-
bilization (Ph.3). The contact establishment corresponds
to the maximum surface between specimen and ball. The
time from start to the transition point is specifically de-
fined as a gestation period [24]. Visual observation dur-
ing gestation period showed that the wear track appeared
with dark grey debris at cycle number 330. Such phe-
nomenon was accelerated with the increase of the normal
load. It became 166 cycles for 8 N. After contact establish-
ment, the friction coefficient rose to a steady state. The
continuous filming of the wear track showed that the dark
grey debris were expected from the contact at 1666 cy-
cles. Then the color of wear track and debris was changed
to brown at 2000 cycles. These phenomena were acceler-
ated with normal load. At 8 N, debris were expelled from
the contact at 666 cycles and brown color wear track and
debris appeared at 1166 cycles. After that, friction coef-
ficient stabilized at 1.2, at a normal load of 1 N. Dur-
ing phase (Ph.3), the color of the wear track and debris
was still brown which indicate a surface oxidation phe-
nomenon. In fact, the oxide layer is continuously rubbed
away from the subsurface material. The metallic surface

is always exposed to the oxidation process promoted by
ambient conditions [25–28].

Huq and Celis applied a wide range of normal load and
revealed a change in the friction coefficient with varying
loads [22]. In agreement with Huq and Celis, Bowden and
Tabor also reported a declining friction coefficient with
an increasing load when testing indium films on steel and
extended their interpretation to explain experiments with
oxide-covered surfaces [29]. Their explanation was that
the friction force is not linearly proportional to the normal
load. Other possible causes might be that the increasing
load produces an increasing wear, which in turn causes a
surface roughening or generates a wear debris layer which
modifies the shear-strength of the interface between the
two first contacted bodies [22].

Figure 6 shows wear tracks for specimens tested at
1 and 8 N for a rotating speed of 0.052 m.s−1. Shal-
low scratches and grooves on the worn surfaces, parallel
to sliding direction, indicate abrasive wear mechanisms
At the beginning, the scenario of wear mechanism was
conducted by two-body abrasion due to the sliding of
52 100 steel ball (300 HV) against a softer 304 L stain-
less steel (170 HV). Then grey debris were created from
destroyed passive film. When the passive film was com-
pletely removed oxide debris were generated from base
material. Moreover, material transfer proves an adhe-
sive wear mechanism (Fig. 6b). Adhesion occurred be-
tween asperities at contact interface due to the friction
force caused by the sliding interaction. Asperities of soft
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Fig. 5. (a) Friction coefficient as a function of cycle number and (b) description of wear products at 1 N and 0.052 m.s−1, HR
(%): 35.

material were plastically deformed and transferred to the
harder material. In addition to local adhesion, the profile
section of wear track was characterized by plastic defor-
mation under the effect of ball penetration (Fig. 7). The
deformation increases with normal load by the presence
of wedges especially at 8 N as shown in Figure 7b.

Consequently, plastic deformation, abrasive and ad-
hesive mechanisms were more pronounced at high normal
load. A higher load created deeper plough abrasive marks
and more adhesive bonds although the low friction coef-
ficient (Fig. 5). This could be explained by the effect of
oxide debris. Under high pressure, the oxide debris prob-
ably stay in contact to act as a solid lubricant.

At this point, a quantification of the observed wear
was performed. Figure 8 shows mass loss versus normal
load at 0.052 m.s−1. An increase of mass loss is noticed

with increasing normal load. The applied load value plays
a significant role in the amount of material loss [30]. The
amount of particles as a third body coming from the speci-
men surface increases with the higher normal load. These
particles remain between the specimen surface and the
counter body. Thus, plenty particles result in an exten-
sive wear for higher load levels. At lower load level, the
particles scrape the specimen surface less than at higher
load levels.

The increase of wear rate with normal load at
0.052 m.s−1 is explained by the increase of the width Lw,
depth Zw and area Sw of the wear track (Tab. 2). The
possible reason for increasing mass loss with normal load
is that during tests, the contact area between bodies in-
creased due to friction wear which caused an increase of
the interaction between contacting materials [22, 23].
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Table 2. Width Lw, depth Zw and area Sw of track wear at different conditions.

Rotating speed (m.s−1) Normal load (N) Lw (µm) Zw (µm) Sw (µm2)

0.052

1 170 ± 41 4 ± 2 536 ± 52
2 214 ± 20 3 ± 3 765 ± 31
4 428 ± 15 8 ± 3 2062 ± 45
8 433 ± 37 12 ± 9 3046 ± 120

Fig. 6. Wear track at 0.052 m.s−1 and different load con-
ditions. (a) At 1 N and 0.052 m.s−1 and (b) At 8 N and
0.052 m.s−1.

Fig. 7. Morphology observation of cross-section of the wear
tracks at 0.052 m.s−1 (a) at 1 N and (b) at 8 N.

3.2 Influence of the rotating speed on tribological
behavior and wear

In this section the variation of the rotation speed is
carried out in the range of 0.052 up to 0.157 m.s−1 using
a normal load of 2 N. Figure 9 shows that the friction
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Fig. 8. Mass loss measurements as a function of normal
load for 304 L stainless steel sliding against 52100 steel ball
(0.052 m.s−1).

coefficient undergoes three phases at lowest rotation speed
(0.052 m.s−1): contact establishment (Ph.1), increase of
friction coefficient (Ph.2) and μ stabilization (Ph.3).

At a high rotation speed (0.104 and 0.157 m.s−1), the
second phase is not clear in the friction curves because
the increase of the friction coefficient was accelerated and
a passive film was rapidly eliminated. In addition, the
highest rotation speed inhibits the interaction of worn
surface with environment. In fact there is no variation
of the friction coefficient after the contact establishment.
Typical data on the friction variation versus the cycle
number of 304 L stainless steel/52 100 steel contacts under
a rotation speed of 0.104 m.s−1 are shown in Figure 10.

Figure 10a shows that the friction coefficient under-
goes only two phases: establishment of contact and sta-
bilization of μ. Macroscopic observations of wear debris
show that wear track with dark grey color is observed at
6250 cycles. After 250 cycles, the debris are created and
ejected from the contact. At 6750 cycles, they comprise
both metallic grey particles and brown oxides as shown in
Figure 10b. That observation was accelerated with the ro-
tating speed decrease. For instance, at 0.052 m.s−1, such
phenomenon occurred at 2500 cycles. Moreover, at higher
rotation speed (typically 0.157 m.s−1) the debris are com-
pletely metallic in nature with a bright grey color. As the
rotation speed decreases, more time is allowed for the in-
teraction of the wear track with environment in ambient
conditions [24] and oxides layers are then formed [25].

Using the experimental findings of the present in-
vestigation together with the information from the lit-
erature [23, 24], the wear evolution of the materials un-
der friction seems to follow three stages. The first stage
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Fig. 9. Friction coefficient as a function of time at different rotating speeds, normal load (N): 2, HR (%): 35.

Fig. 10. (a) Friction coefficient as a function of cycle number and (b) description of wear products at 2 N and 0.104 m.s−1,
HR (%): 35.
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(a)
           

      (b)
 

Fig. 11. Wear track at 2 N and different rotating speeds. (a) At 2 N and 0.052 m.s−1 and (b) At 2 N and 0.104 m.s−1.

corresponds to the formation of tribological layers. The
formation of such layers is attributed to the plastic defor-
mation of the contact surface induced by friction forces
reaching a critical plastic strain at the external part of the
subsurface plastic sheared region. In fact, optical observa-
tion carried out at 0.052 m.s−1 revealed an accumulation
of transferred material on surface as shown in Figure 11a.
Morphology observation of the wear track cross-section
confirmed that friction induced a plastic deformation on
the surface layer and especially passive film (Fig. 12a).
This deformation increases with rotating speed by the
presence of wedges and Tribologically Transformed Sur-
faces (TTS).

Figure 12b shows three areas which are a superficial
area formed by oxide debris trapped in the contact, the
TTS area and a plastically deformed area. The intensity
and depth of the plastic deformation increased with ro-
tating speed from about 5 μm at 0.052 m.s−1 to 15 μm at
0.104 m.s−1 (Fig. 12b). Consequently, debris during fric-
tion were detached from the tribological layer with 5 μm
thickness at 0.104 m.s−1.

The second stage is the formation of wear debris by
abrasion. Abrasive sliding marks, scratches and grooves
on the wear tracks in the direction of friction prove that
the wear mechanism is abrasion (Fig. 11). Consequently,
the amount of debris which was continuously created in-
creased with rotating speed. This fact explains the ab-
sence of transferred material in the wear track which is
eliminated continuously by abrasion at higher rotating
speed (Fig. 11b). The third stage consists of the oxida-
tion of the produced wear. In fact the oxidized debris
are trapped in the contact between the specimen and the
ball. They form a layer that varies in its thickness with
the gathering of very fine particles, thus causing wear by
tribo-oxidation.

The wear quantification of the 304 L stainless steel
rubbing against 52 100 steel was studied. The mass loss
versus the rotation speed at 2 N is shown in Figure 13.
The mass loss increased with the rotating speed. The in-
crease of rotating speed caused a rise in the amount of
wear debris. This is due to the increase of width Lw depth
Zw and area Sw of the wear track with the rotation speed
already noticed with the optical observation (Tab. 3).

3.3 Wear

From the above experimental study it can be deduced
that abrasion is the main wear mechanism for all the stud-
ied conditions. It was accompanied with adhesive wear by
the subsurface plastic deformation, the presence of wedges
and the material transfer. The origin of this wear phe-
nomenon is often explained by the accumulation of dis-
sipated energy induced by a plastic deformation in the
subsurface layer which gives rise to a tribological trans-
formed surface [31, 32]. When comparing the wear values
measured at different test conditions no obvious relation-
ship between normal load and sliding speed was found.
In fact, the wear rate increases with normal force for the
tests carried out at 0.052 m.s−1. However, at 0.157 m.s−1

the variation of the normal load doesn’t cause the ex-
pected evolution of the wear rate. On the other hand, it
was found that the friction coefficient increases with rota-
tion speed under a low normal load. However it decreases
with the rotation speed under high normal load. Such re-
sults could be explained by the formation of an adhesion
junction on the interface (ball/specimen). In fact, at high
normal load, a hard junction is formed. In contrast, at low
normal load weak junctions are formed. A soft junction is
noticed as well when the rotation speed increases. Indeed
as the rotation speed increases, the shear stress required
to separate the junction decreases [24].

A synthetic representation of the wear rate of 304 L
stainless steel rubbed against 52 100 steel as function
of both normal load and rotation speed is shown in
Figure 14.

No evident correlation between wear and the varia-
tion of the normal load and the rotation speed is noticed.
Normal load rise induces monotonic wear increase for each
rotating speed. However, wear has different evolution as
a function of rotating speed under constant load. Partic-
ularly at 4 N wear decreases with rotating.

Recent studies have shown that energy approach dis-
plays a higher stability when describing the wear rate
versus both normal load and sliding speed [31–33]. The
energy dissipated in the contact can be calculated as the
work of the friction force. For each time interval Δt, which
corresponds to a displacement Δx, the dissipated energy
ΔE can be found with Equation (3). Considering the
mean value of the friction force and assuming a constant
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Fig. 12. Morphology observation of cross-section of the wear tracks at 2 N for rotating speed: (a) 0.052 and (b) 0.104 m.s−1.
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Fig. 13. Mass loss measurements as a function of rotating speed for 304 L stainless steel sliding against 52100 steel ball (2N).
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Table 3. Width Lw, depth Zw at area Sw of track wear at different conditions.

Normal load (N) Rotating speed (m.s−1) Lw (µ m) Zw (µ m) Sw (µ m2)

2

0.052 214 ± 30 3 ± 6 765 ± 80
0.104 404 ± 15 16 ± 3 3402 ± 31
0.157 580 ± 64 20 ± 5 7750 ± 95
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Fig. 14. Wear mass on 304 L stainless steel after rotating tests against 52 00 steel ball performed at room temperature and at
various conditions.

sliding speed, Equation (4) can be used [34]:

ΔE =
∫ Δt

0

F dx =
∫ Δt

0

F V dt (3)

ΔE = F̄ V Δt (4)

with F̄ the average value of the friction force and V the
sliding speed.

The cumulative friction energy Ed, Equation (5) can
be calculated in ball-on-disc equipment by the following
relationship [28]:

Ed = Ftd = μ Fn V t (5)

with Ft, the tangential force, d the sliding distance, μ
the friction coefficient, Fn the normal load, V the sliding
speed, and t the test duration.

An energetic approach was applied to all the tested
cases. A linear relationship between the dissipated energy
and the cumulative wear on the 304 L was found and this
relationship was not affected by different load and speed
conditions as shown in Figure 15.

Yet, there is a significant correlation between the wear
and the dissipated energy through interfacial friction and
wear processes. The wear can be predicted from the fric-
tion coefficient and test conditions [22,35]. It still confirms
the reliability of the dissipated energy density approach
to predict the wear loss of the tested specimens. A linear
regression leads to a βv value equal to βv = 0.018 g/N*m
for the studied 304 L/52100 steel contact. A pin on
disc tribometer can be used with normal load of 4 N
and rotating speed of 0.052 or 0.104 m.s−1 to replicate

the centrifuge damage in laboratory scale which is char-
acterized by tribo-oxidation, abrasive wear, and plastic
deformation.

3.4 Tribological Behavior of wood on 304 L stainless
steel

The real working conditions for oil extraction equip-
ment are not simulated by tribological tests. In the equip-
ment, the surfaces are always wet and loose seeds are in
contact with metal surfaces. The aggressiveness of olive
juice due to acidity and salts stimulates tribo-corrosive
wear. In the laboratory tests, dry sliding was realized and
only oxidative wear and abrasion action of olive wood pin
occurred. The choice of olive wood is based on its cellu-
lose content. In fact, both olive wood and olive seed are
rich in cellulose with a percentage of about 40% [36–38].
In addition they have a near microhardness of 14 and
8 HV0.01, respectively. Therefore a 7 mm diameter olive
wood pin with a 100 mm radius spherical tip was selected
as a counterbody. The effect of olive wood on 304 L stain-
less steel was studied as a contact pin-on-disc tester with
normal load of 4 N and rotating speed of 0.104 m.s−1.
Typical data for the variation of friction vs. cycle num-
ber of the AISI 304 L / wood contact are shown in Fig-
ure 16. Figure 16 shows that the friction coefficient under-
goes three phases: contact establishment (Ph.1), friction
coefficient increase (Ph.2) and friction coefficient stabi-
lization (Ph.3). During the first phase, the wear track
was a clear grey color. During the second phase, the fric-
tion coefficient rose to stable state, debris were expelled
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Fig. 15. Wear mass as a function of the cumulative dissipated energy on 304 L stainless steel disc tested against 52 100 steel
ball at different conditions (load (N) and speed (m.s−1)).

Fig. 16. Friction coefficient as a function of cycle number of AISI 304 L/ wood contact at 5 N and 100 rpm.

from the contact and the wear color changed to dark
grey. During the third phase, the friction coefficient sta-
bilized at 0.9, and the color of the wear track and debris
changed to brown. This color is related to surface oxida-
tion and indicates a tribocorrosion phenomenon such as
tribo-oxidation.

After tribological tests, the total wear loss was deter-
mined and the obtained value is approximately 10.35 ×
10−8 g.cm−3. The wear track was qualitatively studied.
From Figure 17a optical image shows that the wear track

width is uniform. 3D profilometry image shows scratches
and some plastic deformation in the surface of the wear
track by the presence of wedges. These observations are
confirmed in scanning electron microscope image by the
presence of shallow scratches and some grooves parallel to
the sliding direction as shown in Figure 18. Although the
wood seed microhardness is very small compared to that
of 304 L stainless steel, it seems that the olive woods and,
eventually, wear particles removed material by an abra-
sive wear mechanism. Moreover, the effect of mechanical
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Fig. 17. (a) Optical micrograph and (b) 3D profilometry dimensional image of the wear track after 304 L/wood friction.

action is detected by the microhardness in the wear track.
Microhardness was greater on worn surfaces than unworn
surfaces. In fact, microhardness was about 312 HV0.05 and
280 HV0.05 on worn and unworn surface, respectively. The
surface layer of the steel was work hardened.

The tribological test suggests that the major factor is
the mechanical action of olive wood. The most probable
reason is the abrasive wear by a three body mechanism
caused by wood and wear products that work-hardened
surfaces in contacts.

4 Conclusions

Severe wear of olive processing equipment leads to se-
vere failure after a short operating time due mostly to me-
chanical damage by the impact of olive seed particles. The
tribological behavior of the 304 L stainless steel rubbed
against the 52 100 steel was investigated in this study. It
was found that there is no obvious relationship between
the friction coefficient and test parameters (normal load,
rotation speed). The main wear mechanism of the 304 L
stainless steel exhibited an abrasive wear accompanied by
a plastic deformation, the formation of beads and a tri-
bological transfer layer. Hence an energy approach was
considered. A significant correlation was found between
the wear rate and the dissipated energy in the contact A
pin on disc tribometer can be used with normal load of

 
Fig. 18. Scanning electron microscope observations of the
wear track after 304 L/wood friction.

4 N and rotating speed of 0.104 m.s−1 to replicate the cen-
trifuge damage in laboratory scale. Moreover, the effect
of olive wood on stainless steel was determined because
wood is a cellulosic material such as olive seed. Olive wood
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caused tribo-oxidation, abrasive wear, and plastic defor-
mation. Olive wood counterbody combined with severe
operating conditions may lead to material failure caused
by abrasive wear and surface degradation
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Diaz, M. Zamorano, Analysis of the relation between the
cellulose, hemicellulose and lignin content and the ther-
mal behavior of residual biomass from olive trees, Waste
Management 33 (2013) 2245–2249

207-page 14


	Introduction
	Materials and methods
	Specimens and surface preparation
	Tribological measurement 

	Results et discussions
	Influence of the normal load on tribological  behavior and wear
	Influence of the rotating speed on tribological  behavior and wear
	Wear
	Tribological Behavior of wood on 304 L stainless  steel

	Conclusions
	References

