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Grey cast iron (GCI) and steel contact surface application is an inevitable component and provides good wear resistance in several
applications, not only in automobiles. Grey cast iron consists of a predominantly pearlitic/ferrite matrix or both with graphite
flakes. The majority of previous research works were based on three different types of wear regimes. The wear regimes
enumerate the wear track morphology, wear rate, and COF of the respective application. In this research work, dry sliding
wear properties of GCI and EN31 pins were examined with different sliding parameters using pin on disc wear test. The
weight loss, coefficient of frictions, and surface morphology were considered for experimental analysis. Due to the transfer of
wear debris from the GCI disc, the counter steel pin surface experienced a progressive reduction in wear with increasing speed
and load. With 30N and 45N contact loads and sliding speeds up to 1m/sec, the GCI shows marginally positive wear. The
surface textures were analyzed with the help of SEM and a surface roughness tester.

1. Introduction

Loss of material due to friction was encountered more often
between two contact surfaces. Wear is the most commonly
encountered in prime movers, particularly due to adhesion,
leading to frequent replacement of components [1]. During
dry sliding conditions, the observed wear normal modes
are plowing, mild, and oxidative wear. This includes useful
run-in wear as well. Adhesive wear is usually described as
material transfer between two surfaces. Surface-to-surface
contact, even though lubricated, can occur if the lubricant
film has a discontinuity, resulting in material transfer and
surface damage. Cold welding takes place in dry sliding wear
between two surfaces, with one of the surfaces releasing

small particles which build up or agglomerate and transfer
to another surface in layers. These built-up edges can be seen
in cutting tools. Grey iron is used in a variety of engineering
applications, including diesel engine components such as
cylinder heads, piston rings, and engine blocks, where wear
is a significant factor when using wet lubrication. Grey cast
iron’s properties are highly dependent on the graphite mor-
phology and volume fraction (H. Mohamadzadeh et al., [2]).
Response surface methodology was used to optimize the
composites’ tribological behaviour. According to the optimi-
zation results, the content of seashell powders increased the
wear and frictional resistance of the composites, and it was
the most influential factor (V. Bhuvaneswari et al.,[3]). The
ball on disc sliding wear test was used to investigate the
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tribological behaviour of the alumina coating. The alumina
coating was shown to reduce the COF value and wear mass
loss of the GCI substrate by at least ten percent and fifty
percent, respectively [4]. Wear and scratch tests revealed
that EN 36C steel coated with 75: 25 YSZ-Al2O3 exhibits
superior wear and scratch resistance when compared to the
other materials [5]. A. Saravanakumar et al., [6] investigated
the wear characteristics of aluminium alloy AA2219-
graphite (Gr) composites in dry sliding conditions. The
effect of the initial deflection angle (IDA) on the tribological
properties of grey cast iron (GCI) rings with curve distrib-
uted pits in the radial direction is investigated in this study
(CDPRD). The antiwear performance of samples was deter-
mined using a pin-on-disc wear test rig with a normal load
of 70N and a rotating speed of 200 rpm [7].

Austempered grey cast iron is a material with solid, light,
and wear-resistant qualities. It is also a good material for
high design and production adaptability, as well as being
cost effective [8]. Due to its high friction coefficient, low cost,
good damping property, fine castability, machinability, and
other properties, grey cast iron (GCI) is one of the most
commonly used materials in industrial applications (N.
Sun et al., [9]). According to literature surveys [10], a small
amount of free ferrite is dispersed in the region of perlite
matrix. Such a matrix composition provides good wear
resistance between the two sliding surfaces and in similar
applications like brakes, cylinder liners, and piston rings.
Another investigation describes the association of two dis-
tinct regions of grey pearlitic cast iron that were exposed
during the dry sliding wear experimentation [11, 12]. In
the initial region of the crystal structure, the graphite
dominates to mitigate the wear rate, and its graph has linear
correlation. In the consequent portion crystal region, the loss
of material due to friction was driven by two thermally sim-
ulated processes, namely, in the first case, the phenolic
binder was degraded thermally, and in the next case, it was
driven by tribooxidation. In the second case, specific wear
rate was found to be better. Ghaderi et al. [13] examined
three different materials of cast iron, including nodular, grey,
and condensed iron, with different chemical conformations
and subjected them to austempering (process carried out at
350°C). The investigation extended to find knowledge
regarding graphite morphology and comparison with the
pearlitic grey iron tested with the help of a block-on-ring
wear tester. Austempered nodular iron shows high impact
test results compared to austempered grey iron. Cast iron
and Compacted Graphite Iron revealed higher wear resis-
tance than other types of cast iron and lower wear resistance
and lower impact test results due to the presence of graphite
in the microstructure.

In the dry condition of surface contact, the normal wear
that occurs in GCI is quite high, and the same was stated by
Chawla et al. [14] in their experimentation. At an increasing
sliding speed, wear was attributed more to stainless steel, and
it was softened during its increasing load factor. It is vice
versa in the case of GCI, and it happened due to the exis-
tence of graphite (ferrite), and decohesion was observed.

Cho et al. [15] observed the loss of material due to the
sliding properties of grey iron by changing the carbon equiv-

alent (CE). On all speeds of experimentation, the GCI of
flake graphite dominates good wear resistance. On the other
hand, the ferrite of GCI shows no change in coefficient of
friction. Hirasata et al. [16] observed the wear rate, COF,
and hardness in various ranges of cast iron under heavy
range conditions. At the beginning stage of sliding distance,
the hardness and COF show a lower hardness with a huge
loss of material due to friction, and in the later stage of high
sliding speed, there is a less amount of material loss due to
the presence of stable graphite particles.

Wilson et al. [17] observed the reduced wear due to the
influence of oxide particles and suggested another important
oxidative wear model. Liu et al. [18] evaluated the hardness
properties and variation of carbide grains due to the effect
of shakeout time during the solidification process and found
that at high hardness and strength, the cast iron shows
increased wear rate due to oxidation. R. M. Galagali et al.,
[19] investigated the wear behaviour of austempered ductile
iron against temperature and sliding speed. The wear rate
was high up to a sliding speed of 2m/s but significantly
decreased above that speed. There is a work hardening effect
at room temperature caused by the conversion of the
remaining austenite to martensite. This makes the metal
more durable. As with elevated temperatures, a constant rate
of wear was observed with a dry sliding condition that
increased significantly with speed. The temperature of the
hands combined with the sliding speed has a greater effect
on the rate of wear. Surface texturing of grey cast iron using
femtosecond pulse duration improved wear resistance
compared to untextured, millisecond, and nanosecond
laser-textured surfaces [20]. Surface texturing research has
exploded in recent years to improve lubrication in tribolog-
ical applications [21]. The research activities in the field of
tribology have grown rapidly in various sectors, in terms of
both scope and depth recently, according to Meng et al.
[22]. Despite its good features, it must withstand application
settings such as dry and lubricated sliding, which have

Table 1: Process parameter and their levels.

Levels
Parameters

Load L (N)
Sliding speed,

S (m/s)
Sliding distance,

D (m)

1 15 0.5 300

2 30 1 600

3 45 1.5 900

Figure 1: Pin-on-disc set-up used for dry sliding test.
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exposed positive and negative wear. Many researchers have
tried to find out how grey cast iron wears. Only a few studies
have talked about both the positive and negative wear behav-
iour of GCI.

2. Experimental Procedure

2.1. Sample Preparation and Test Parameters. In this exper-
imentation, EN-31 is the counterpart material, and standard
GCI test samples were machined to conduct the experiments
[23]. Wear tests were carried out at three different parame-

ters, and their levels are shown in Table 1. The test samples
were prepared and experimented on the basis of the Taguchi
Design of Experiment (DOE) with an Orthogonal Array
(OA) of L27.

2.2. Dry Wear Test. The wear test that is to be conducted in a
normal atmospheric environment, and without lubrication
is known as the “dry sliding wear test.” The pin-on-disc
set-up used for experiments with dry sliding wear tests is
shown in Figure 1. The sliding wear experiments were car-
ried out under dry sliding conditions at room temperature
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Figure 2: (a) Disc weight loss at 15N and (b) pin weight loss at 15N.
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in compliance with the ASTM standard G 99 [24, 25]. The
EN31 pin was thoroughly cleaned using acetone. A pin was
clamped at one end of the cantilever beam in a slot and
tightened with the help of a screw. The cleaned disc speci-
men of grey cast iron was loaded on top of the circular
column and tightened. To set the wear track on the disc,
the pin was positioned over the disc at a 15mm radius from
the centre of the disc material.

The required weight was placed on the loading pan at
the other end of the cantilever beam slowly without shak-
ing. The wear test was started by pressing the push button
on the controller panel. The necessary test parameter read-
ings like coefficient of friction, speed, and load were noted
and repeated the procedure for a suitable combination for
the next test condition. The experiments were carried out
on GCI discs with an outer diameter of 55mm, an inner
diameter of 6mm, and a thickness of 10mm. GCI has a
surface hardness of 28 HRC. The counter specimen pin

EN31 was made of BS 970 steel and has a diameter of
6mm and a length of 60mm. Totally 27 experimental
combination were performed using Taguchi-based design
on experiments. The weights of pin and disc for each
experiment before and after wear test measured using pre-
cision weighing machine.

3. Result and Discussion

3.1. Dry Slide Wear Study. Sliding wear tests have been
conducted in a dry environment, and the test results are
discussed as follows. Normally, the response of the contact
surface under dry sliding depends on the material depen-
dence PV (pressure P and sliding velocity V) factor. With
increasing PV, the contact interface will be exposed to a rise
in temperature and, accordingly, thermally influenced wear
response will occur. Also, with heterogeneous structures
such as CI, this response is more complex. This leads to
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Figure 3: (a) Disc weight loss at 30N and (b) pin weight loss 30N.
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material transfer between contacting surfaces, resulting in
condition-dependent –ve and +ve modes of wear.

Observation with 15N with various sliding speeds and
distances shows that while the GCI disc tends to display a
reduced order of wear (due to run-in), the counter steel
(pin) surface tends to show –ve approach of wear (alter suit-
able to transfer of wear particles) with 30N and 45N and
both the CI disc and counter pin exhibit an increasing order
of wear attributable to the significance of the PVT factor on
wear.

Figure 2(a) describes the wear that occurs in both posi-
tive and negative modes with increasing sliding speed and
sliding distance under a load of 15N for the GCI disc.
Figure 2(b) explains the variation of wear with increasing
sliding speed and distance under load of 15N for EN31 steel
pins.

From Figure 2(a), it is evident that the GCI disc exhibits
the negative wear at lower sliding speed. The wear tends to
positive mode while at a sliding speed of 1m/sec to 1.5m/
sec. It has been found that at low sliding speeds, the negative

mode of wear happens. At medium and high sliding speeds,
mostly positive mode of wear has been found. The typical
variation of wear of the counter steel surface at 15N load
is observed in Figure 2(b). Compared to the GCI wear track,
the steel pin encounters relatively higher order wear. Mostly
positive kinds of wear are observed. The observation of a +ve
mode of wear for both the GCI disc and steel pin suggests
little material transfer between the contacting surfaces.

Figures 3(a) and 3(b) show that with a 30N load, the
GCI disc has the least wear at 0.5m/sec and tends to increase
wear while sliding speed and distance (+ve mode). Whereas
the counter steel pin’s wear track begins in negative mode
and tends to increase to positive mode (+ve mode) with
increasing speed (i.e., greater sliding distance at 900m), it
may drop down (-ve mode), causing the graphite flakes of
cast ion to be shifted to the steel’s surface, resulting in the
observed –ve wear.

Figure 4(a) implies that the GCI disc exhibits mild –ve
wear with lower sliding velocity (0.5m/sec) and up to
600m of sliding distance with 1m/sec. Then, it tends to
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Figure 4: (a) Disc weight loss at 45N and (b) pin weight loss at 45N.
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change its wear from –ve to +ve mode (it is known that
normal GCI contains graphite, a layer lattice material, which
on sliding contact pressure undergoes interplaner shear,
forming a solid lubricant film for sliding). This is facilitated
mostly with increased sliding speed and duration (distance
traversed-PVT factor).

The typical wear of the counterpart (pin) surface is
shown in Figure 4(b). It is seen that the pin surface exhibits
mostly +ve modes of wear (fluctuation) with a dominant –ve
mode of wear at higher contact load and sliding speed. Due
to contact temperature, the steel surface would be oxidized,
and there could also be unstable oxide film growth, and
hence, the steel surface undergoes a fluctuating +ve mode
of wear. However, with a higher sliding speed (1.5m/sec),
the transfer of graphite from GCI results in the observed
–ve mode of wear.

3.2. SEM Observation. Figure 5(a) shows the contribution of
material debris transfer for both the surface and the load of
15N for the worn out portion of the GCI disc wear track.
Discrete transfers of wear debris take place from the counter
steel surface. Figure 5(b) shows how the GCI track is
ploughed with dominant slide bands. The debris on the steel
surface and how it is spread over the surface can be seen.
Figure 5(c) depicts the graphite layer detaching and the
transfer of steel surface debris embedded in the graphite
flake.

A micrograph of the worn out GCI track under dry
sliding with a 15N load, 1.5m/sec sliding speed, and a
transverse distance of 900m is shown in Figure 5(d). The
micrograph depicts discrete pull out of graphite with the
absence of any transferred particles (+ve mode of wear).
The micrograph’s worn out GCI track (Figure 5(e)) shows

(a) (b)

(c) (d)

(e) (f)

Figure 5: (a–f) Micrograph with dry sliding with 15N load.
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Figure 6: (a) Disc COF at 15N, (b) disc COF at 30N, and (c) disc COF at 45N.
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flow of surface material with discrete ridges and surface
cracks. Figure 5(d) depicts a micrograph of the worn out
GCI track surface exhibiting discrete cleavage/surface fis-
sures next portion of the worn out track describes the obser-
vation of the worn out transferred portion on GCI. The
graphite layer is partly unpeeled, whereas ferrite structure
exposed on substrate. Figure 5(f) depicts graphite flaking,
revealing the texture beneath the ferrite structure.

3.3. Coefficient of Friction (COF). The typical observed vari-
ation of COF, with sliding speed at 15N load, is illustrated in
Figure 6(a). It is seen that with a lower speed of 0.5m/sec,
COF increases while increasing sliding distance. A mild rise
in COF observed at the speed of sliding (1m/sec) with a
lower sliding distance of 300m could be attributed to less
transfer of graphite. The COF was reduced in (trials 5 and
6) with sliding speed of 1m/sec and a sliding distance of
600m and 900m and a sliding speed of 1.5m/sec and a
sliding distance of 300m, 600m, and 900m. The reason
for the reduction in COF could be attributed to the transfer
of graphite film.

The variation of COF in dry sliding with a load of 30N is
demonstrated in Figure 6(b). It is witnessed that COF drops
down, which is attributed to the change for ploughing
sliding. With increasing speed, a gradual increase of COF
is observed. This may be attributed to increased contact
area and interaction on account of higher speed/loads.
Figure 6(c) depicts the variation of COF with sliding con-
dition at 45N load. The COF varied from 0.194 to 0.319,
indicating relatively steadier sliding at 0.5m/sec. It is seen
that with sliding speeds of 1m/sec and 1.5m/sec, there is
variation in COF. This could be attributed to increased
contact area and consequent interaction. With a higher

sliding speed of 1.5m/sec, the observed marginal variation
in COF could be attributed to steadier sliding.

3.4. Surface Roughness. Figure 7(a) shows the 3D surface of
the worn surface presents no visible lay pattern. In this
case, positive wear mode appeared with a 15N load, a
1.5m/sec sliding speed, and 900m sliding distance. The
roughness parameters of this surface have Ra 0.182μm,
Rt 2.31μm, and Rt/Ra > 10. It has been discovered that
the mild crest flattened texture exists. Kurtosis is 26.1,
and skewness is -2.54. Fine surface roughness values
180 nm were observed; also, there were no sticking and
adhesion of another materials.

Figure 7(b) depicts the 3D surface with a 30N load, a
sliding speed of 1.5m/sec, and a sliding distance of 900m.
The texture on a 3D surface is random, with no discernible
lay pattern. The roughness parameters of this surface have
Ra 1.70μm, Rt 24.5μm,Rt/Ra > 10, Rp 10.8μm, and Rv
2.97μm. Kurtosis is 14.3, and skewness is -1.29. An absence
of crest flattening has been observed in a highly random and
noncentric profile. It shows that more rough texture com-
pared to load 15N, and it has found that materials deposited
on surfaces. At higher loads, more amounts of materials
transformed between the materials and produced coarse
surfaces. Figure 7(c) shows the 3D surface at 45N load,
1.5m/sec sliding speed, and 900m sliding distance. The r.
The roughness parameters of this surface have Ra 1.37μm,
Rt 15.8μm,Rt/Ra > 10, kurtosis 4.38, skewness -0.45, mild
wavy texture, and left centric profile.

4. Conclusions

Under dry sliding conditions, the GCI disc exhibits an
increase in wear with increasing load. The counter steel pin
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Figure 7: (a-c) 3D surface images.
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surface experienced a progressive reduction in wear with
increasing speed and load, attributable to the transfer of
wear debris from the GCI disc. The GCI exhibits marginal
+ve wear with 30N and 45N contact load and sliding speeds
of up to 1m/sec. A micrograph of the worn out track of a
GCI disc reveals the transfer of worn out debris (20 to
40μm), from steel surface.

With a 15N load, the COF increases while increasing the
sliding distance at low and high levels of sliding speed,
whereas at a medium sliding speed of 1m/sec, it decreases
from a higher to a lower value, indicating a transition from
sliding form ploughing to stable mode. A mild rise in COF
was observed at a higher speed of sliding (1m/sec), attribut-
able to less transfer of graphite.

The COF drops down initially at 30N, lower sliding
speeds, and with increasing speed, and a gradual increase
of COF was observed. This may be attributable to an
increase in contact area and interaction on account of higher
speeds/loads.

At lower speeds, with a 45N load, the COF is relatively
steady, but at higher speeds, the COF gradually increases
with increasing sliding speed.

At 15N load, with a low initial stage of distance and slid-
ing speed, the worn out surface presents an unsystematic
surface texture with Ra 0.136μm, while with medium speed
of 1m/sec, it presents a coarse texture with Ra value of
0.398μm. At higher levels of sliding speed and distance, a
mild wavy texture (Ra 1.37μm) and a left centric profile
were detected.
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