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Abstract

In the current investigation, high pin-on-disc wear testing equipment was used to examine the impact of modest additions of
nano B,C on the wear behaviour of a Zn alloy (85Zn-15Sn). Zn-Sn alloy behaviour at a constant SD of 2000m under pressures
(10N, 20N, 30N, and 40N) and sliding speeds (1.4, 1.8, 2.3 and 2.8 m/s) was investigated. Microanalysis with SEM/EDX was
used to characterise the matrix and worn surfaces. According to the results, the wear rate of Zn alloy rises with rising pressures,
sliding speeds and distances in all situations examined and lowers with an additional level of 8 weight per cent B,C to the Zn
alloy when tested. This is brought on by the partial refinement of Zn dendrites, as well as the precipitation hardening of solid
solutions. The worn surface investigation suggests that the creation of a thick oxide layer during sliding enhances tribological

features.
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1.0 Introduction

Advanced manufacturing has led to an increase in
demand for tribological mechanisms under challenging
wear conditions, such as high sliding speeds, and high
applied loads and in a variety of industrial applications,
including automotive, marine engineering, power
generation and material processing". Aluminium-
magnesium alloys have tremendous scope among the
materials of tribological significance for both practical

and theoretical reasons*. Among the several foundry
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alloys, they are the most significant, accounting for 70%
of the castings of copper*. It has been proved that copper
and aluminium alloys have desirable mechanical and
physical characteristics for use in applications involving
long sliding distances'. A range of hypoeutectic alloys
includes ZA12 (88Zn-11Al-1Cu-0.02Mg). It is observed
that strengthening aluminium alloys with minor additions
of Cu, Mg, Zn and the presence of Zn results in excellent
casting characteristics®!'. By strengthening a metal and
causing precipitation (AGE) hardening, alloying elements
result in a high strength-to-weight ratio'”. According to
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past studies, nano B,C significantly improves the strength
and hardness under both as-cast and heat-treated
conditions. Madeva Nagaral”® investigated how adding
nano B,C affected the wear properties of Al2618 base
alloys and found that 6-weight per cent B,C solidified
in graphite moulds provided the optimum mechanical
properties. Additionally, they claimed that increasing
B,C reinforcement had led to a partial refinement of
dendrites. When the aggregation is reduced, the casting
microstructure becomes finer. The tensile characteristics
of cast parts will therefore be improved as a result. The
outcomes additionally demonstrate that the UTS rises
with nano B,C content up to 6wt%. The precipitation of
the boron-bearing phase in interdendritic gaps brought
on by rising boron carbide causes an increase in UTS.
Recently, Manjunath TH et al'* concluded that small
additions of boron carbide, such as 2% to A18081 alloy
course refine the nanoparticles of B,C improving the
wear properties of Al1808 alloy and 6% B,C addition to
Al-1808 alloy shows improvement in proof stress, UTS
and % elongation matched to smaller additions of B,C
and the as-cast conditions. According to Radhakrishna
and Ramesh", the mixing of B,C, Cu and Mg enhances
the basic mechanical properties through precipitation
hardening, as noted by Abbas et al.'* and B T Ramesh et al'?
. It can boost the transition load and wear resistance even
further. Veereshkumar G. B."” examined the impact of
B,C introduction on A13003-Sic alloys and concluded that
the introduction of B,C enhances the alloy’s tribological
mechanism of a selected ally. Most industrial applications
requiring wear and friction pistons', cylinder heads and
engine blocks for automobiles" are three instances where
temperatures considerably beyond 200 to 300 °C can be
anticipated®. In the current study, an effort has been made
to investigate the impact of B,C addition wear behaviour
of Zn-Sn alloy under various parameters.

2.0 Details of Experimental

2.1 Fabrication of Wear Samples

A ceramic crucible held in a resistance furnace®' was
used to melt the commercial Zn-Sn alloy (1000g). A
commercial degasser made of potassium titanium
fluoride (K2TiT6) was used to degas the molten metal ata
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Table 1. Zn-Sn alloy and its nano B4C composites with
a standard deviation

Material Composition Hardness (BHN)
Zn-Sn Alloy 82.03 £1.50
Zn-Sn - 2 wt. % B4C 88.53 £1.43
Zn-Sn - 4 wt. % B4C 100.20 +1.15
Zn-Sn - 6 wt. % B4C 115.02 +1.16

+ - SD (Standard Deviation)

temperature of 720°C to eliminate hydrogen. The Zn-Sn-
B,C alloy chips were properly sued and then added to
melt after degassing. After adding the Zn alloy, the melt
was stirred with an iron rod coated in Zirconia for five
minutes at a speed of 300rpm. Thereafter, no additional
stirring was done. Melts were poured into split-type
graphite moulds* (25mm diameter and 120mm height)
for the preparation of wear that was used to prepare
specimens for microstructural studies. The melt without
the composite alloy is indicated by the number 0 minutes.
As per ASTM G99 standards®?, the wear test pin was
8mm in diameter and 30mm in length'*. Using an atomic
absorption spectrometer, the chemical composition
of Zn-Sn alloy and Zn-Sn- B,C composite alloy was
determined and is displayed in Table 1.

2.2 Details of Wear Test

The present studies were performed using a pin-on-disc®
wear testing equipment to address the wear behaviour
of Zn-Sn-B,C alloys with varying compositions. The test
pin was used opposite to the disc using a pulley system
and a dead weight. En-31 steel, with a hardness grade of
HRC 61 was used to make the disc'. It measured 165mm
in diameter and 8mm in thickness. The surface roughness
of the disc ranges from 0.47 to 0.87m. The tests were
performed under dry sliding circumstances®.The highest
loading capacity of the system was 200 N. Throughout
the testing, the track diameter was fixed at 90mm
and consistently used”. The sliding experiments were
performed under a range of conditions, including varying
pressure, varying sliding speeds and varying sliding
speeds. Table 2 displays test information in detail. SEM,
EDX and X-ray microanalysis were used to characterise
papered composite samples?.
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3.0 Results and Discussions The typical method of polishing metallographic specimens
was used, but the final polishing was done by hand with

3m diamond pastes. The SEM micrographs of Zn alloy
with various weight percentage additions of B,C alloy are
shown in Figure la-e. According to the microstructural

3.1 Microstructural Analysis

Using SEM metallographic measurements were produced.
The elements were measured using EDX microanalysis®.
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Figure 1. The SEM image of Zn-Sn (a) as-cast alloy, (b) with 2% B,C (c) with 4% B,C, (d) with 6%
B,C and (e) with 8% B,C.
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analysis, Zn-Sn alloy exhibits an unaltered needle/plate-
like eutectic Sn and coarse columnar -Zn dendritic
structure without B,C (Figure. 1(a)). Although there
is a structural change from coarse columnar dendritic
structure to coarse equiaxed structure and eutectic boron
carbide stays larger addition of 8% B,C exhibits fine and
well dispersion eutectic boron phase® (Figure. 1(e)). This
is brought on by growing nano-boron carbide addition’s
partial refinement of dendrites®* . This might be
because the Zn-15% Sn alloy also contains intermetallic
particles B,C, which promote heterogeneous nucleation
during solidification.

3.2 Wear Studies

3.2.1 Effects of Pressure

The impact of different pressures (10N, 20N, 30N, and
40N) on the removal rate and frictional force of the Zn-Sn
alloy matrix and the addition of 8% B,C is depicted in
Figures. 2(a) and (b). It is evident from Figure 2(a), that
the rate of wear of Zn-Sn alloy is higher with higher
pressure fabricated compositions examined. This higher
wear rate with higher pressure is consistent with Archard’s
wear law. When the pressure is raised, the wear rate rises
dramatically from 0.33 to 2.24mm?*/m in the case of cast
alloy and from 0.55 to Imm’/m in the case of 8wt% B,C
reinforcement. The pressure of 40N indicates extreme
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wear in the case of Zn-Sn alloy. When the pin slides, the
majority of the metal is moved from it to the steel counter
face in areas with extreme wear, but in areas with less
wear, the pin oxidises and slides without any bulk metal
move'. The matrix becomes soft at greater loads, which
increases the surface contact and temperature of the pin
and increases the wear rate. More specifically, the rate of
material removed ranged from 0.32 to 2.24mm’/m. As
seen in Figure 2a, the Zn-Sn alloy exhibits an extreme
mode of wear at 2.24mm?*/m. Zn-Sn alloy with an addition
of 8 weight per cent B,C exhibits a lower rate of wear than
cast alloy under the same test conditions. This is a result
of increased strength and hardness of the matrix??'-’. In
all the examples investigated, frictional force increased
with the rising normal pressures. However, it decreased
with the addition of 8 weight per cent of B,C to the Zn-Sn
alloy, as shown in Figure 2(b). This decrease in frictional
force was caused by the softness of the Zn-Sn alloy
relative to the reinforced alloy. Increased normal pressure
makes the Zn-Sn alloy sufficiently flexible, allowing for
close contact between the pin and the disc, softening the
Zn alloy matrix, which reduces frictional force'>. It can
be seen from Figure 2(b) that regardless of the pressures
used, the frictional force for the alloy with the addition
of boron carbide is larger than that of the alloy as cast.
At 8wt% B,C to Zn-alloy, the mechanical properties have
improved!s313%,

35
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25
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Figure 2. The impact of varying normal pressures on the (a) wear rate of Zn-Sn alloy with base alloy and addition of 8wt%

B4C; (b) FF of Zn-Sn alloy with addition 8wt% B4C.
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3.2.2 Effect of Sliding Speeds

In Figure 3(a), the wear rate is depicted as a function of
the sliding speed (14m/s, 1.8m/s, 2.3m/s and 2.8m/s) and
the constant normal pressure (40N) at a constant distance
(2000m) from the sliding surface. Both treated and
untreated alloysinitially exhibit increased wear conditions,
which are sustained up to 1.4m/s after which the slope
of the wear curve changes, suggesting the beginning of
decreased wear in the case of Zn-Sn alloy. When the alloy
is sliding at 2.8m/s, wear starts to decrease, but under
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the same test conditions, a Zn-Sn alloy with an addition
of 8 weight per cent of B,C is still only experiencing
light wear. The Zn alloy’s enhanced matrix strength
and microstructural modifications are responsible for
this?**0-7%_ Additionally, the development of a layer that
is mechanically mixed and results in a slower rate of wear
could be the cause. By looking at the graph, it can be seen
that both with and without B,C reinforcement, the wear
rate condition is quite moderate at 2.8m/s. Sliding causes
a decrease in wear rate, as evidenced by these studies.
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Figure 3. The impact of varying sliding speeds on the (a) wear rate of Zn-Sn alloy with the addition of 8wt% of B,C; (b)

FF of Zn-Sn alloy with the addition of 8wt% of B,C.

laminative wear
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Figure 4.
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(a). SEM micrograph of Zn alloy specimen, speed-1.4 m/s, load 10N. (b) Wear debris micrograph of Zn alloy
specimen, speed-1.4 m/s, load 10N with 2000m sliding distance.
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Comparably, Figure 3(b) illustrates how the frictional
force of a Zn-Sn alloy changes depending on the sliding
speed. For a cast alloy, the amount of friction increases
with the rate of sliding. Under comparable test conditions,
a Zn-Sn alloy with an addition of 8 weight per cent of B,C
exhibits higher frictional force as sliding speeds increase,
but this increase is more than that of the cast alloy. Due
to increasing formation oxidation between both surfaces
during sliding, the frictional force somewhat shows a
high sliding speed of 2.8 m/s.

WD: 16.52 mm
Det: SE

et
SEM HV: 25.0 kV
SEM MAG: 500 x

3.3.3 Worn-Out Surface Studies

The worn surface of a Zn-Sn alloy was examined using
SEM and EDS. The wear surface of a Zn-Sn alloy at 10N
and 1.4m/s is shown in Figure 4(a). It is evident from
Figure 4a that the worn surface has both continuous
and irregular grooves, which have been caused by the
abrasion of entrapped particles*'. This shows that at mild
applied pressure, mild abrasive wear is more common.
It is evident from Figure 4(b) that shows soft laminative
wear debris at a pressure of 40N and a speed of 2.8m/s.
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Figure 5. (a). SEM micrograph of Zn alloy specimen, speed-2.8 m/s, load 40N (b) Wear debris micrograph of Zn alloy

specimen, speed-2.8 m/s, load 40N with 2000m sliding distance. (c). Wear EDS of Zn alloy specimen, speed-1.4 m/s,

load 10N.
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Figure 6. (a) SEM micrograph of 8wt% B,C specimen, speed-1.4 m/s, load 10N (b) Wear debris micrograph of 8wt%
B,C specimen, speed-1.4 m/s, load 10N with 2000m sliding distance. (c) Wear EDS of 8wt% wB4C specimen, speed-1.4

m/s, load 10N.

Figure 5(a) depicts the Zn-Sn alloy’s wear surface. It
demonstrates abrasive, oxidative and delamination types
of wear that are operating with greater material loss to
indicate severe wear. The soft laminative wear detritus
is evident in Figure 5(b). The related EDS verify element
presence is seen in Figure 5(c).

Figure 6(a) depicts the Zn-Sn alloy’s wear surface at
10N and 1.4m/s. From Figure 6(a), it is evident that the
worn surface is composed of an oxide layer and a few
minuscule, parallel abrasive grooves that run the length
of the surface. This demonstrates that mild abrasive wear
is less common and oxidative wear is more common at

Vol 72 (4) | April 2024 | http://www.informaticsjournals.com/index.php/jmmf

lower applied pressure®. As can be seen in Figure 6(b),
wear residues confirm the formation of the oxide layer
between both surfaces. At the highest applied pressure
of 40N and 2.8m/s, the worn surface for the Zn-Sn alloy
with an addition of 8 weight per cent B,C is depicted in
Figure 7(a). It displays highly soft abrasive grooves and
is primarily covered in an oxide layer®”. Corresponding
wear debris is seen in Figure 7(b). The worn surface’s EDS
test reveals that there are oxide layers on all the surfaces
depicted in Figure 6(c). This demonstrates that Zn-Sn
alloy with an addition of 8 weight per cent B,C exhibits
high wear resistance at 40N higher load.
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(a). SEM micrograph of 8wt% B,C specimen, speed-2.8 m/s,. load 40 N (b). Wear debris micrograph of

8wt% wB,C specimen, speed-2.8 m/s, load 10N with 2000m sliding distance.

4.0 Conclusions

At the tested temperature of 35°C, a higher wear rate
% of Zn-Sn alloy is achieved at high pressures, sliding
distances and sliding speeds. When compared to cast
circumstances under comparable testing settings, the
wear rate of Zn alloy with an addition of 8 weight per
cent of B,C is lower. In all of the examples examined,
the frictional force showed the same results. The results
indicate that the addition of nano B,C reinforcement
improved the mechanical and wear properties of the
Zn-Sn alloy, changed the microstructure, and caused
an oxide layer to form between both surfaces. Abrasive/
oxidative and delaminative wear were the two main wear
processes for Zn-Sn alloy, whereas 8 weight per cent of
B,C added to Zn-Sn alloy caused abrasive/oxidative and
rich oxide layer formation.
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