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Pin-On-Disc Characterization of Brass/Ferritic and Pearlitic
Ductile Iron Rubbing Pair
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Abstract. Wear behaviour of special brass produced
through two different methods (centrifugal and sand cast-
ing) was investigated. The wear tests were carried out at
sliding velocities of 0.2 m s�1, 0.3 m s�1, 0.4 m s�1 and
0.5 m s�1 and under 10 N, 20 N, and 40 N variable loads.
The sliding distance was 600 m for all the tests. A pin-
on-disc device with round specimen inserts was used to
conduct friction and wear tests in which the friction coef-
ficient, the contact temperature and the linear wear of the
tribo-pairs were continuously recorded against sliding dis-
tance. Two different materials were used as the counter-
parts, namely ferritic ductile iron equivalent to GGG40 and
pearlitic ductile iron equivalent to GGG60. The microstruc-
tures and wear scars of the brass specimens were examined
by optical, scanning electron microscopy (SEM) and X-ray
microanalyses by EDAX. A correlation between hardness
and wear volume rate was established for the investigated
centrifugally cast and sand cast brass specimens. The vol-
ume rate of specimens produced by sand casting method
was generally found to be higher than those of centrifugally
cast specimens. Ferritic ductile counterpart led to higher
wear volume rate than pearlitic ductile counterpart for the
both specimens. Severe abrasive wear scars were observed
for the sand cast specimens/ferritic ductile iron pair. How-
ever, severe adhesive wear took place for the centrifugally
cast specimen/pearlitic ductile iron pair.

Keywords. Wear, brass, centrifugal casting, sand casting,
pearlitic ductile iron, ferritic ductile iron.

1 Introduction

Brass is a material widely used in friction parts of ma-
chines, as bearing liners, bushing, etc. Properties such as
high strength and ductility, fatigue strength, wear resistance
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are necessary for this material, and it is important to under-
stand microstructural changes during its service life [1–3].
For many applications, brass is usually the first choice of
materials for household devices, electrical and all precision
engineering industries [4].

In the automobile industry, particularly in the manufac-
turing of components, where resistance to wear is the chief
requirement, high-strength brasses are commonly used.
High-strength brasses are suitable mainly for engineering
areas where high strength to support heavy loads and/or
high resistance to wear and corrosion are required. The
main advantages of high-strength brasses are further im-
provement of mechanical properties by heat treatment as
well as their low cost [5–8].

Brass alloys having a higher Zn content contain both ˛
and ˇ phases at room temperature. The ˇ phase has an or-
dered bcc crystal structure and is harder and stronger than ˛
phase; consequently, ˛Cˇ alloys are generally hot worked
[4]. High-strength brasses can be mainly classified as ˛Cˇ
or ˇ brasses, containing the alloying elements such as alu-
minium, silicon, manganese, etc. [8]. Aluminium raises
the corrosion resistance of brasses by forming a protective
Al2O3 oxide film on their surfaces. Iron is practically insol-
uble in the ˛ and ˇ phases and is only present in the form
of silicides. Iron particles increase the formation rate of nu-
cleation and recrystallization and delay the following grain
growth. Silicon enhances the corrosion resistance, wear
resistance (due to silicide formation), and workability of
brasses. Manganese increases the ultimate tensile strength,
ductility, and wear resistance of the brasses. Nickel reduces
the tendency of the brasses to corrosion cracking. Lead
is particular alloying element, since it precipitates along
boundaries as low-melting-temperature layer and results in
the hot-shortness of the brasses.

Brass is widely used for production of bearing materi-
als in industrial service. The heads of rolls made of ductile
iron used in rolling mills rotate in brass bearing. A thor-
ough review has been made of previous work concerning
the parameters on the wear characteristics of extruded brass
against steel disc used as counter abrader [2,3,6–10]. Most
of the investigations were concerned with the identification
of a change in the resulting heat treatment, environments
and composition of brass [6–10]. There is little published
work concerning the effects of the casting parameters on
wear characteristics [6]. Also, most of the previous work
was carried out against steel disc as counter abrader ma-
terials [1–13]. However, adequate data is not available on
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Cu Zn Al Fe Pb Mn Sn Si Ni Sb

62.95 31.72 2.55 0.64 0.96 0.31 0.49 0.26 0.07 0.064

Table 1.

the brass materials produced by centrifugal casting and sand
casting methods. Similarly, adequate work is not available
for ferritic and pearlitic ductile iron disc materials.

The aim of this study is to establish relationship between
wear parameters and material properties of special brasses
which were produced through centrifugal casting and sand
casting methods. Also, the influence of ferritic and pearlitic
ductile iron counterpart materials on wear volume rate was
aimed to be established.

2 Experimental Procedure

2.1 Material Production

Copper-zinc alloy was melted in a graphite crucible. The
molten alloys were poured from temperatures approxi-
mately 323 K above their liquidus temperature into green
sand and centrifugal casting moulds. Prior to centrifugal
casting, the mould was pre-heated to 523 K. The molten
copper-zinc alloys were poured into a horizontal centrifugal
casting machine rotating at 1000 rpm. The outer diameter
of the cylindrical casting was 120 mm, the wall thickness
was 15 mm, and the length of the casting was 900 mm. The
chemical composition of copper-zinc alloys is given in Ta-
ble 1.

For optical microscopy examination, standard metallo-
graphic procedure was applied to the specimens (grinding,
polishing and etching in a solution of 1 g FeCl3 and 20
ml HCl in 100 ml water). In the present work, optical mi-
croscopy examination of the specimens was carried out us-
ing a Nikon DIC optical microscope. The grain size mea-
surements were also carried out using MSQ Plus 6.5 type
Image analyser. The worn surfaces all of the wear speci-
mens were examined by SEM and EDAX.

2.2 Measurement of Density, Hardness and Tensile Proper-
ties

Hardness measurements were made in universal AFFRI
hardness measurement equipment (HV5). For each speci-
men, five hardness measurements were carried out. Density
measurement was also carried out on the specimens. Wa-
ter displacement technique was adopted for measuring den-
sity. A Mettler microbalance was used for weighting the
specimens for the density measurement. Tensile strength
and elongation of 4 mm gauge diameter, 20 mm gauge
lenth specimens were determined using a Shimadzu univer-
sal testing machine at a strain rate of 2 mm/min at ambient

temperature. The reported values of the properties represent
an average of three measurements.

2.3 Wear Tests

Dry sliding wear tests were performed using a pin-on-disc
type wear test machine shown in Figure 1. The test materi-
als in the form of pins of 6.25 mm in diameter and 50 mm
in length were made to slide against a as-cast ferritic ductile
iron disc (3.2 % C, 2.8 % Si, 0.27 % Mn, 0.023 % P, 0.017 %
S, 0.04 % Mg) and as-cast pearlitic ductile iron disc (3.2 %
C, 2.8 % Si, 0.32 % Mn, 1.41 % Cu, 0.021 % P, 0.015 % S,
0.03 % Mg). The hardness values of ferritic and pearlitic
discs were 190 and 220 HB, respectively. The mean diam-
eter of the discs was approximately at 90 mm. The disc
was ground to a surface finish of approximately 0.15 μm
(CLA). The wear tests were carried out at four different slid-
ing speeds of 0.2 m s�1, 0.3 m s�1, 0.4 m s�1 and 0.5 m s�1

under the loads of 10 N, 20 N and 40 N and sliding distance
of 600 m, in the atmospheric condition with the relative hu-
midity of 54 % and temperature of 296 K. The experimental
data, i.e. coefficient of friction and time, were recorded con-
tinuously during the wear tests. The contact temperature
was measured using a chromel-alumel type thermocouple
inserted into a 1.5 mm diameter hole, 2 mm back from con-
tacting surfaces monitoring the temperature near surface of
the specimen during the wear tests (Figure 2). Prior to test-
ing, test specimens were ground against 800 grit SiC paper,
and then cleaned in acetone, dried and then weighed using
an electronic balance having an accuracy of 0.1 mg. The
specimens were then placed into the wear test machine and
the sliding wear tests were carried out at different sliding
speeds and loads. After each test, the specimen was re-
moved, ultrasonically cleaned in acetone and weighed. At
each load, the volume losses from the surface of specimens
were determined as a function of sliding distance, sliding
velocity, and applied load.

The wear rate is defined as the volume loss, V , divided
by the sliding distance, L

K D V=L;

Where K has the units of volume loss per unit distance
(mm3=m).
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Figure 2. The position of the thermocouple in the brass pin.

3 Results and Discussions

3.1 Microstructure Evaluation

Figure 3 shows the microstructures of the brass produced
by sand casting and centrifugal casting methods. It can be
seen that needle like grains of sand cast specimens are larger
than those of the centrifugally cast specimens. Actually,
the cooling rate of cast specimen affects its microstructure,
quality, and properties. The structure of sand cast speci-
men, often large with thick walls, may be the result of slow
cooling. This increases the grain size and leads to a coarse
microstructure (Figure 3(a)). Coarse grains can allow ele-
ments of an alloy to separate, which also decreases mechan-
ical properties of casting. Conversely, centrifugally cast
parts (metal mould) generally cool more quickly and re-
sults in microstructure with fine grains (Figure 3(b)) having
less alloy segregation. Microscopic examinations revealed
that light coloured needle like ˛-phase precipitated in dark
coloured ˇ-phase matrix in the microstructures. Also, there
are grey coloured areas in the microstructure. Some re-
searches [5–7] reported that Mn5Si3 intermetallics in mi-
crostructure are grey in colour. Also, Figure 3 shows that
the amount of porosity is higher in the sand cast microstruc-
ture near the outer periphery when compared to that in the

centrifugally cast microstructure. During centrifugal cast-
ing, gas bubbles also move to the inner periphery due to
their lower density than the density of copper melts and re-
sults in a dense microstructure. This is also supported by
the density results in Table 2. Another advantage of cen-
trifugal casting technique is its ability to distribute the par-
ticles present in the matrix. The resulting microstructure of
the centrifugally cast parts depends on various factor such
as rotational speed of the mould and its size, the volume
fraction of the particles and mould pre-heat temperature.

3.2 Density, Hardness, Tensile Strength and Elongation

Table 2 shows the density, hardness, tensile strength and
elongation of the both specimens. The results indicate that
the centrifugal casting led to higher density, hardness, ul-
timate tensile strength and elongation when compared to
the sand casting. The increase in the density, hardness,
strength and elongation were caused by the decrease in
porosity in the centrifugally cast brass. Centrifugally cast
parts (metal mould) generally cool more quickly and results
in microstructure with smaller grains (Figure 3) having less
alloy segregation and higher density, hardness, strength and
elongation when compared to the sand cast parts (Table 2).

3.3 Wear Behaviour

Figure 4 shows the effect of applied load on the wear
volume rate of the both materials against pearlitic ductile
iron disc under the loads of 10 N, 20 N and 40 N and
at 0.2 m s�1, 0.3 m s�1, 0.4 m s�1and 0.5 m s�1 sliding
speeds. At all the sliding speeds, the wear volume rate
of the both materials decrease with increasing the applied
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b a 

Figure 3. Microstructure of the specimens (a) sand casting (b) centrifugally casting.

Production methods Density
(Mg/m3)

Hardness
(HV5)

UTS
(MPa)

Elongation
(%)

Centrifugally casting 8.045 205 500 6.65

Sand casting 7.6730 175 225 2.81

Table 2.

 (d) (c)

 (a)  (b)

Figure 4. Variation of volume rate vs. applied loads at constant sliding distance (600 m) and different sliding speed
(a) 0.2 m s�1, (b) 0.3 m s�1, (c) 0.4 m s�1 and (d) 0.5 m s�1 for pearlitic ductile iron disc.
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Figure 5. Variation of volume rate vs. applied loads at constant sliding distance (600 m) and different sliding speed
(a) 0.2 m s�1, (b) 0.3 m s�1, (c) 0.4 m s�1 and (d) 0.5 m s�1 for ferritic ductile iron disc.

load (Figure 4(a)–(d)). However, the decrease in the wear
volume rate is slower at the sliding speeds of 0.2 m s�1

and 0.5 m s�1 than at the sliding speeds of 0.3 m s�1 and
0.4 m s�1. Figure 4 also indicates that at all the sliding
speeds, centrifugally cast specimens show lower wear vol-
ume rate than the sand cast specimens.

On the other hand, Figure 5 shows the effect of applied
load on the wear volume rate of the both materials against
ferritic ductile iron disc. It was found that at all the slid-
ing speeds, wear volume rate of the sand and centrifugally
cast specimens increase with increasing the applied loads of
10 N, 20 N and 40 N for the ferritic ductile iron disc (Fig-
ure 5(a)–(d)). The centrifugally cast specimens show lower
wear volume rate than the sand cast specimens under the
loads of 10–40 N for all the sliding speeds (Figure 5(a)–
(d)).

The centrifugally cast specimens, which are harder than
the sand cast specimens as shown in Table 2, show lower
wear volume rates. The wear volume rate-hardness rela-
tionship in Figure 4 and Table 2 exhibits that wear volume
rate under all the applied loads and at all the sliding speeds
decreases with the increase in hardness from 175 to 205
HV5 for the pearlitic ductile iron disc. However, wear vol-
ume rate-hardness relationship in Figure 5 and Table 2 ex-
hibits that wear volume rate under all the applied loads and

at all the sliding speed increases with the increase in hard-
ness from 175 to 205 HV5 for the ferritic ductile iron disc.
Moreover, the effect of applied load on wear volume rate
becomes more prevailing at higher loads. In general, the
weight loss of the pin materials increases linearly with in-
creasing sliding distance and applied load. Since wear rate
is the ratio of wear volume to sliding distance in a certain
wear condition, wear rate decreased with increasing slid-
ing distance, although weight loss increased with increasing
sliding distance. Feyzullahoglu et al. [11] observed that for
WM-2, WM-5 and CW619 brasses, weight loss increases
linearly up to a certain sliding distance and attains a maxi-
mum value for 115 N applied load, but with further increase
in sliding distance weight loss has a decreasing trend. The
centrifugally cast brass is harder than the sand cast brass
(Table 2) and for that reason, wear volume rate of the cen-
trifugally cast brass is lower than that of sand cast brass
(Figure 4(a)–(d) and Figure 5(a)–(d)) for the both counter-
part. Wear of brass material depends on hardness of the
alloy, ˛ and ˇ phases present in microstructures and the
alloying elements (especially Al and Mn) [6, 8]. Previous
studies also report the reduction in wear rate with increas-
ing materials hardness. Wear of materials is, to a certain
extent, directly connected with hardness and matrix struc-
ture [12,13]. Harder materials have comparatively low wear
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 (a)  (b)

Figure 6. Variation of friction coefficient as a function of sliding speed at different loads and constant sliding distance
(600 m) for centrifugally casting (a) ferritic ductile iron disc; (b) pearlitic ductile iron disc.

 (a)  (b)

Figure 7. Variation of friction coefficient as a function of sliding speed at different loads and constant sliding distance
(600 m) for sand casting (a) ferritic ductile iron disc; (b) pearlitic ductile iron disc.

rate, and the results presented here are consistent with this
fact. In general, wear resistance of a material is proportional
to its hardness [14]. As presented in Table 2, the wear vol-
ume rate of centrifugally cast brass specimen’s decreases
with increasing hardness (Figure 4 and Figure 5). In consis-
tent with the wear results (Figure 4 and Figure 5), the wear
volume rate of the centrifugally and sand cast specimens is
lower for pearlitic ductile iron counterpart when compared
to ferritic ductile iron counterparts at all the sliding speeds.

The friction coefficient for both specimens was also de-
termined. The results are given in Figure 6 and Figure 7.
The variation of the friction coefficient with the applied load
is also presented in Figure 6 and Figure 7. It is seen from the
results that friction coefficient generally decreases with in-
creasing sliding speed and the applied load. W. X. Qi et al.
also reported similar finding in the wear of Cu-Cr-Zr alloy
[15]. The reduction of the friction coefficient with increased
load and speed was attributed to the formation of oxide film
on worn surface [16]. Figure 6 shows that the friction coef-
ficient of centrifugally cast specimens decreases under the
applied loads of 20 and 40 N while it increases under the
applied load of 10 N and exhibit a nearly linear relationship
for ferritic ductile iron disc. On the other hand, the friction

coefficient of centrifugally cast specimens decreases with
the sliding speed in the ranges between 0.2–0.5 m s�1 at all
the applied load. Against the pearlitic ductile iron disc, the
centrifugally cast specimens have lower friction coefficient
than the sand cast specimens.

Contact temperature variation during the sliding of cen-
trifugally cast and sand cast specimens with constant sliding
distance at different sliding speeds and under the load 40 N
is shown in Figure 8 and Figure 9 for the both discs. Fig-
ure 8 and Figure 9 show two different trends of variation
in temperature with sliding distances at different speeds of
sliding. At low sliding speed (0.2 m s�1/, four regimes of
temperature variation with sliding distances are observed,
whereas at high sliding speed two regimes of temperature
variation are observed. Out of the two regimes of tempera-
ture variation with sliding distance at 0.3, 0.4 and 0.5 m s�1

speeds, the first one corresponds to initial steep rise in tem-
perature during the run, and the second one corresponds to
steady state temperature. Centrifugally cast specimen has
shown this tendency (two regimes) throughout the entire
sliding at 0.2 m s�1 speeds (Figure 8(a) and Figure 9(a)).
Four regimes of temperature variation with sliding distance
(Figure 8(a)) are observed at 0.5 m s�1 and 0.2 m s�1 slid-
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 (a)  (b)

Figure 8. Evolution of the contact temperature (T in K) with sliding distance in different liner sliding speed for 40 N
applied load.

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 (a)  (b)

Figure 9. Evolution of the contact tempereture with sliding distance in different liner sliding speed for 40 N applied load.

ing speeds. Two regimes of temperature variation were ob-
served for only sand cast brass specimens for the both discs.
The contact temperature increased with the sliding speed.
The gradient of temperature increment is maximum at the
beginning of sliding at 0.5 m s�1 sliding speed for the cen-
trifugally cast and sand cast brasses for all wear conditions
(Figure 8 and Figure 9). It gradually increases with slid-
ing distance. However, at 0.2 m s�1, 0.3 m s�1 and 0.4
m s�1 sliding speeds, the contact temperature increase with
the initial steep run and this increment remains stable from
beginning until 600 m sliding distance; this can be attributed
to the hard adhesive wear and the repeated contact of the
same junctions. In consistent with the wear results (Figure
4 and Figure 5), the wear volume rate of the centrifugally
cast and sand cast brass specimens is lower for the pearlitic
ductile iron disc while both brass specimens show higher
wear volume rate for ferritic ductile iron disc. This might
be due to the low frictional heat on low hardness ferritic
ductile iron disc in dry sliding condition. In the case of low
temperature, oxide formation decreases and this, in turn, in-
creases the wear volume rate. Generally, the wear volume
rate, friction coefficients and contact temperature of speci-

mens that was tested on the pearlitic ductile iron disc were
found to be lower than those tested on the ferritic ductile
iron disc (Figures 4–9).

Figures 10, 11 and 12 show the SEM photographs of the
specimens taken from the surface of the sand cast and cen-
trifugally cast brasses worn against the pearlitic and ferritic
ductile iron disc at the sliding speeds of 0.2 m s�1 0.3 m s�1,
0.4 m s�1 and 0.5 m s�1. Visual examination of the worn
surfaces indicates that wear tests lead to rough surfaces.
This is also evident in Figure 10 and Figure 11 with wide
and deep grooves. During the tests, wear is progressed by
ploughing action of the pearlitic ductile iron disc by form-
ing grooves in the wear tracks aligned parallel to the slid-
ing directions. This indicates the abrasive wear mechanism.
In some regions of wear tracks, microcracks perpendicular
to sliding direction are also observed. These results are in
good agreement with the result of Cetin [17, 18], who stud-
ied dry sliding wear behaviour of a brass against an as-cast
ferritic ductile iron and pearlitic ductile iron disc.

The sand cast specimens show wider and deeper grooves
under 40 N applied load. However, the grooves of the cen-
trifugally cast specimens are not as wide and deep as those
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Figure 10. Low (�250) and high (�2000) magnification SEM micrographs of the brasses, which are worn at the 600 m
sliding distance, under the 40 N load and at a linear sliding speed of 0.3 m s�1 on the various ductile iron disc. (a) and
(b) pearlitic disc, (c) and (d) ferritic disc.
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Figure 11. Low (�250) and high (�2000) magnification SEM micrographs of the brasses, which are worn at the 600 m
sliding distance, under the 40 N load and at a linear sliding speed of 0.4 m s�1 on the various ductile iron disc. (a) and
(b) pearlitic disc, (c) and (d) ferritic disc.
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Figure 12. Low (�250) and high (�2000) magnification SEM micrographs of the brasses, which are worn at the 600 m
sliding distance, under the 40 N load and at a linear sliding speed of 0.5 m s�1 on the various ductile iron disc. (a) and
(b) pearlitic disc, (c) and (d) ferritic disc.
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Element Line ntensity 
(c/s) 

Cont 

C Ka 0.64 3.326 wt.% 
O Ka 5.08 7.056 wt.% 
Al Ka 7.47 4.609 wt.% 
Si Ka 1.20 0.637 wt.% 
Fe Ka 2.76 2.418 wt.% 
Cu Ka 23.59 57.011 wt.% 
Zn Ka 7.56 24.943 wt.% 
 100 wt.%   

Total 
(Region 2) 

Element Line ntensity 
(c/s) 

Cont 

C Ka 3.33 12.636 wt.% 
O Ka 2.48 2.999 wt.% 
Al Ka 7.75 3.629 wt.% 
Si Ka 0.90 0.363 wt.% 
Fe Ka 4.23 2.958 wt.% 
Cu Ka 26.37 49.752 wt.% 
Zn Ka 10   .72 27.663 wt.% 
 100 wt.%   

Total 
(Region 1) 

Element Line ntensity 
(c/s) 

Cont 

C Ka 0.12 0.662 wt.% 
O Ka 1.31 1.760 wt.% 
Al Ka 9.93 6.057 wt.% 
Si Ka 1.77 0.933 wt.% 
Fe Ka 0.85 0.680 wt.% 
Cu Ka 24.34 55.567 wt.% 
Zn Ka 10.99 34.341 wt.% 
 100 wt.%   

Total 
(Region 3) 
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Figure 13. Worn surface SEM and EDAX analysis of centrically cast brass worn under loads of 40 N, at 0.3 m s�1 speed
and against ferritic ductile iron disc.

of the sand cast specimens under the same load. These can
be seen clearly from Figure 10(a), (b) and Figure 11(a), (b).
Delamination was also observed on the specimens worn at
0.4 m s�1 and 0.3 m s�1and under 40 N applied load, (Fig-
ure 11(b), (c) and (d)). Worn surfaces of centrifugally cast
specimens (Figure 12) are smoother than those of sand cast-
ing specimens. With increasing applied load from 10 N to
40 N, wear surface of the specimens formed shows deeper
grooves and local detachment of the pin material as seen
in Figure 10(a) and Figure 11(d). As a result, increasing
sliding speed increased the deformation for the both mate-
rials (Figures 10, 11 and 12). The SEM micrographs of the
worn surfaces show a presence of wear debris caused frac-
ture and accumulated into the adhesive wear pits (Figure
10(b) and (c), and Figure 11(a)). At higher specific sliding
speeds, presence of material plastic flow and formation of
microcracks was obvious (Figure 10(a) and (d), and Figure
11(b)–(d), and Figure 12(a)–(d)). In some regions of wear
tracks, microcracks perpendicular to the sliding direction
are observed. These microcracks, which indicate the possi-
ble wear mechanism as fatigue, were much more apparent
for sand cast brass which had low hardness.

Microanalyses of different areas on the worn surfaces of
the centrifugally cast and sand cast specimens were ana-
lyzed by EDS. Figures 13, 14 and 15 show areas on the
worn surfaces of the specimens at high magnification. The
EDS spectra taken from three areas namely, region 1 rep-
resenting a smooth area, region 3 representing a rough and
region 2 representing rough/smeared area are shown in Fig-
ure 13(a), (b) and (c), respectively. All regions contain
mainly copper and zinc. In addition, aluminium, ferrous
and carbon are also identified at these regions in Figure 13
but the amount of silicon in the smooth area is much less.
This suggests that silicon is not distributed homogeneously
on the worn surface in Figure 13 and Figure 14. The EDS
result showed that a significant amount of silicon was found
on the worn surface of the centrifugally cast specimen. This
indicates the transfer of silicon from the ductile iron disc
to brass specimen possibly due to the mechanical action
during dry sliding (region 3 in Figure 15). Furthermore,
from the examination of these photographs of the worn sur-
faces shown in Figure 11, it is seen that the worn surface of
centrifugally cast brass and/or sand cast brass specimens at
higher load exhibits more surface damage with distinctly
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Element Line ntensity 
(c/s) 

Cont 

C Ka 6.97 28.932 wt.% 
O Ka 5.71 11.033 wt.% 
Al Ka 4.49 2.576 wt.% 
Si Ka 0.77 0.386 wt.% 
Fe Ka 1.93 1.922 wt.% 
Cu Ka 15.05 40.893 wt.% 
Zn Ka 3.84 14.258 wt.% 
 100 wt.%   

Total 
(Region 1) 

Element Line ntensity 
(c/s) 

Cont 

C Ka 0.00 0.000 wt.% 
O Ka 4.69 7.447 wt.% 
Al Ka 4.31 3.239 wt.% 
Si Ka 0.83 0.528 wt.% 
Fe Ka 1.55 1.543 wt.% 
Cu Ka 21.09 60.061 wt.% 
Zn Ka 6.99 27.181 wt.% 
 100 wt.%   

Total 
(Region 2) 
 

Element Line ntensity 
(c/s) 

Cont 

C Ka 0.00 0.000 wt.% 
O Ka 1.46 2.079 wt.% 
Al Ka 4.71 3.170 wt.% 
Si Ka 0.32 0.182 wt.% 
Fe Ka 0.31 0.241 wt.% 
Cu Ka 26.40 65.024 wt.% 
Zn Ka 8.72 29.303 wt.% 
 100 wt.%   

Total 
(Region 3) 

Element Line ntensity 
(c/s) 

Cont 

C Ka 9.36 27.960 wt.% 
O Ka 25.55 37. 688 wt % 
Mg Ka 35.23 15.019 wt % 
Al Ka 0.91 0.391 wt.% 
Si Ka 0.39 0.147 wt.% 
Fe Ka 1.56 1.593 wt.% 
Cu Ka 4.04 9.517 wt.% 
Zn Ka 2.37 7.686 wt.% 
 100 wt.%   

Total 
(Region 4) 

                                    5                                                                 10 
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Figure 14. Worn surface SEM and EDAX analysis of centrically cast brass worn under loads of 40 N, at 0.4 m s�1 speed
and against pearlitic ductile iron disc.

uneven scratches than that at lower load. It is deduced
from these scratches that the high load resulted in a high
level of wide plastic deformation as mentioned above. Fig-
ures 14 and 15 show that increasing sliding speed leads to
variation in the worn surface damage. It was reported in
[15] that increasing the wear contact load and sliding speed
tends to cause high plastic deformation in the subsurface

layer of the wear specimens and results in the crack nu-
cleation and crack propagation in the subsurface regions.
It is thus thought that in the absence of the formation of
any significant protective layer on surface, direct “metal-
metal” contact take place between the failed bearing and
cast iron counter body. This leads to severe plastic defor-
mation and adhesive wear. The chemical composition of
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Figure 15. Worn surface SEM and EDAX analysis of centrically cast brass worn under loads of 40 N, at 0.5 m s�1 speed
and against pearlitic ductile iron disc.

the transferred layer includes magnesium, iron, oxygen and
carbon amongst traces of the elements such as Al, Si (re-
gion 4 in Figure 14 and Figure 15), which evidently con-
firms the presence of the wear products from both mating
bodies inside the graphite layer. Iron was also found in the
patches of dark/gray deposits on the worn surfaces (Figures
13–15). This iron obviously came as debris from the fer-
ritic and pearlitic ductile iron counter body. It can be then

reasoned, taking the very low volume rates into considera-
tion that the iron oxidation of the counter body seems to be
the prevailing wear mechanisms for the brass/ferritic and
pearlitic ductile iron frictional pairs. This layer acts as a
protective layer and helps to reduce friction coefficient as
well as wear damage. Therefore, the debris from ferritic and
pearlitic ductile iron after being embedded in the soft layer
form the dark gray patches of deposits on the surface. These
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patches of transferred material are believed to stand in relief
as “high areas” and reduce metal-metal contact [19]. This
is expected to reduce the plastic deformation of the worn
surface thereby decreasing the wear damage.

4 Conclusion

In this study, the room temperature dry sliding wear be-
haviour of brass produced through centrifugal casting and
sand casting method was investigated by pin on disc wear
tests. The following conclusions can be drawn from this
study:

1. The microstructure of the centrifugally cast brass had
finer grains than the sand cast brass. Decreasing grain size
led to increase in hardness.

2. The wear volume rate of centrifugally cast specimen
was found to be less than that of the sand cast specimen
under the same tribological conditions.

3. In consistent with the wear results, the wear volume rate
of the centrifugally and sand cast specimens is lower for
pearlitic ductile iron counterpart compared with for ferritic
ductile iron counterpart for all the sliding speeds.

4. At the sliding speed of 0.2 m s�1, wear volume rate of
the sand casting specimen increased with increasing applied
load while wear volume rate of centrifugally cast specimen
decreased with increasing applied load.

5. At the sliding speed of 0.3 m s�1, wear volume rate of
the sand casting specimen decreased with increasing ap-
plied load up to 30 N. However, further increase beyond
30 N, increased wear volume rate considerably. On the
other hand, wear volume rate of the centrifugally cast spec-
imen decreased with increasing applied load.

6. The experimental results show that the wear volume
rate and hardness values of the centrifugally cast brass was
found to be better than those of the sand cast brass.

7. The friction coefficient tended to decrease with increase
of applied load and sliding speed. The wear volume rate
of the centrifugally cast brass increased gradually with the
increase of applied load. With increasing sliding speed, the
wear volume rate of the centrifugally cast brass decreased in
the initial stage and then began to increase. After reaching
the maximum wear volume rate at a speed of 0.5 m s�1,
the volume rate decreased again with further increase in the
sliding speed.

8. From the examination of the worn surfaces of wear
specimens, it was found that adhesive wear and abrasive
wear were the dominant wear mechanisms under dry slid-
ing conditions.
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