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Abstract

In this study, hybrid composite materials were produced by
adding SiC (Silicon carbide) and MWCNT (Multi-walled
carbon nanotube) to Zinc-Aluminium (ZA40) alloy,
sintering under 700 MPa pressure and 500 °C using
mechanical alloying and hot press technique. Hybrid
samples were produced with 2% MWCNT constant and
SiC ratio 1-2-3 and 4% by weight in the mixtures. The
mechanical properties such as hardness and porosity of the
produced hybrid composite materials were determined and
their wear properties were investigated by traveling 300 m
using 10 and 20N loads under 300 rpm constant speed in a
ball-on-disc wear test setup. The obtained microstructure
and wear surface images showed that the SiC and MWCNT
reinforcement contributed significantly to the wear
resistance of the hybrid composites, and in the SEM
analyzes of the worn surfaces, there was a transition from
abrasive wear to adhesive wear in the wear mechanism.

Keywords: Powder metallurgy, Hybrid composite, Wear,
ZA40, SiC, MWCNT

1 Introduction

Considering the low melting temperature, good
machinability, superior tribological behavior, and reasonable
cost of Zn-Al series alloys (Zinc-Aluminium) in modern
production technologies, brass, cast iron, and aluminium are
distinguished from the series alloys and immediately attract
the attention of designer engineers [1, 2]. In particular during
the cold war years, ZA8-ZA12-ZA27-ZA33 and ZA40 series
alloys were produced. Especially, these alloys are used in
very few applications due to the deterioration of their
mechanical properties at temperatures above 100 °C. Since
ZA series are one of significant alloying elements, it is
possible to produce new types of hybrid composite materials
with advanced engineering properties by performing them
with ceramic and carbon-based reinforcement materials at
different rates. In recent years, hybrid composites have been
produced by adding more than one reinforcement material to
ZA series alloys and they have been used successfully in
various engineering applications such as automotive,
construction, aviation and defence industries [3, 4, 5].
Silicon carbide is used as a reinforcement material in
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Bu c¢alisma kapsaminda Cinko-Aliiminyum (ZA40)
alastmima SiC (Silisyum karbiir) ve MWCNT (Cok duvarl
karbon nanotiip) takviyesi yapilarak, mekanik alagimlama
ve hot pres teknigi kullanilarak 700 MPa basing altinda ve
500 °C sicaklikta sinterlenerek hibrit kompozit malzemeler
dretilmistir. Karisimlarda %2 ile MWCNT oran1 sabit
tutulup SiC orami agirlikea %1-2-3 ve 4% olarak hibrit
numuneler  iretilmistir.  Uretilen  hibrit  kompozit
malzemelerin sertlik ve porozite gibi mekanik 6zellikleri
belirlenip ball-on-disk asinma test diizeneginde 300 rpm
sabit hiz altinda 10 ve 20N yiikler kullanilarak 300 m yol
alarak aginma Ozellikleri incelenmistir. Elde edilen igyap1
ve aginma ylizey goriintiileri SiC ve MWCNT takviyesinin
hibrit kompozitlerin asmmma direncine Onemli o6lgiide
katkilar sagladig1 ve asinmis ytlizeylerin SEM analizlerinde
asinma mekanizmasinda abrazif asimnmadan adhezif
asinmaya dogru bir gecis oldugu gorilmiistiir.

Anahtar kelimeler: Toz metalurjisi, Hibrit kompozit,
Asinma, ZA40, SiC, MWCNT

important parts for example transmission boxes, and tribune
blades, particularly in the defence-aviation industry [6]. In a
study examining the wear behavior of composite materials
formed by adding SiC reinforcement to AA7075 alloy in pin-
on disc wear device, it was observed that 15% SiC
reinforcement significantly reduced the wear rate and
friction coefficient of composites [7]. In a study examining
the wear behavior of hybrid composite specimens formed by
Taguchi method by adding SiC and graphite to ZA27 alloy
in pin-on-disc experimental setup in a dry friction
environment, it was observed that SiC and graphite additive
significantly improved the wear resistance of hybrid
specimens [8]. In a study examining the mechanical and
wear properties of the composite samples obtained by adding
0-0.5-1-1.5 and 2 wt% SiC into the ZA40 matrix, the wear
and tear under 10 and 20N loads by traveling 100 meters at
200 rpm in a ball-on disc wear test setup. Strengths, weight
losses and friction coefficients were calculated and
examined. After the wear tests, detailed SEM pictures of the
samples were examined and the effects of wear were
determined by looking at the damages. It was seen that
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increasing SiC reinforcement changed the mechanical
properties, and physical of the composites and made
significant contributions to the abrasion resistance [4]. In a
recent study, composite samples were produced using the
powder metallurgy technique and hot press method by
adding 0-1-2-3 and 4% hexagonal boron nitride (h-BN) to
zinc-aluminium alloy (ZA40) by weight. Wear tests were
carried out under 5N and 10N loads in a dry friction
environment using the ball-on-disk method. According to the
results, it was clearly seen that there are physical,
mechanical, and tribological differences between the h-BN
reinforced ZA40 and the unreinforced ZA40. It was observed
that the wear values decreased significantly, especially with
increasing h-BN reinforcement [9]. In the wear tests of
hybrid composites formed by adding B4C and nanographene
to AA6061 aluminium alloy, it was observed that B4C and
graphene reinforcement caused improvements in the wear
resistance of the samples [10]. In a study examining the
mechanical properties of the composite samples formed by
adding SiC to the AA2024 alloy, increases in the hardness
and relative densities of the composites with a SiC content
of 10-20-30-40% by weight were observed [11]. In the pin-
on-disc wear tests of the composites produced by the
addition of SiC into atomized aluminium, powder
metallurgy, and hot press method. It was observed that SiC
reinforcement significantly improved the wear resistance of
the composites [12]. With the semi-solid molding method,
SiC was added to the Al A356 matrix in 4 different weight
ratios (5, 10, 15, and 20) and the wear behavior of the
produced composites was investigated in the pin-on-disc
abrasion test setup with 30 and 60N loads and 500-1000-
1500-2000. According to the results, the highest abrasion
resistance was observed in the composite sample containing
20% SiC [13]. In a recent study, it was determined that
MWCNT-reinforced Al-Cu-Mg composites travelled 500 m
under 2N and 5N loads in ball-on-disc wear tests, and
MWCNT-doped composites showed lower wear loss under
2N load [14]. According to the test results of AA2024
aluminium alloys reinforced with MWCNT in the ball on
disc wear mechanism, MWCNT supplementation increased
the lubricating properties of the composites and resulted in
significant decreases in wear losses [15].

Our study aims to strengthen the structure and wear
resistance of the matrix by adding hard particles to the
matrix. Especially with SiC reinforcement, and to minimize
the wear caused by adding lubricating properties to hybrid
composite materials obtained with MWCNT reinforcement,
which is known for its lubricating properties. Thus, it is
aimed to increase the wear resistance and load carrying
capacity of the hybrid composite samples under heavy loads
and long wear path progression.

2 Material and methods

ZA40 alloy was obtained from Iki-El Metal Tozlar1 A.S.
Reinforcement materials SiC and MWCNT were obtained
from Alfa Aesar. In addition, the reinforcement ratios and
coding of the samples are given in Table 1. The
reinforcement material and ZA40 matrix powders (Retsch
PM 200) were mixed in a planet type ball mill with a brand

name of 400 rpm in an argon atmosphere for 3 hours. Balls
made of tungsten carbide with a diameter of 10 mm were
used in the grinding process, and the ball: powder weight
ratio was found to be 5:1. Powder mixtures were placed in a
30 mm wide mould made of 4140 steel material and
subjected to hot pressing (hot press) at 700 MPa and 500 °C
for 3 hours. Before hot pressing, the samples were subjected
to cold pre-pressing under 400 MPa pressure for 1 minute.
The theoretical densities of the produced samples were
determined by applying the Archimedes method at the
experimental densities of the mixture rule. The dimensions
of the samples are + 0.01 mg after measuring with a caliper
to an accuracy of £ 0.01 mm. The measurements were made
by measuring with precision scales. The hardness
measurements of the samples were made by using a 2.5 mm
diameter penetrating tip under a load of 2.5 kgf with the
Vickers hardness measurement method and determined by
taking the arithmetic average. The surfaces of the samples
prepared for the abrasion tests were sanded and a flat surface
was obtained. The ball-on-disc wear test setup shown in
Figure 1 was used in the wear resistance tests. Abrasive balls
are 10 mm in diameter and manufactured from H11 hot work
tool steel. Abrasion tests were performed by traveling 300
meters under 10N and 20N loads at a constant speed of
300rpm. The aim here is to determine the load carrying
capacity of the samples on different loads and roads.
Morphologies and microstructure analyses of the ground
composite powders were examined using a ZEISS LS 10-
SEM. The distribution of the reinforcements in the matrix,
the porosity, and the interface analyses of the samples were
made in detail by SEM analysis. After the wear tests, the type
of wear, the surface condition and the damages on the wear
surface were examined.
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Figure 1. Applied ball on disc wear test

Table 1. Coding of samples and reinforcement ratios

Sample code ZA40(%) SiC(%) MWCNT (%)
H-0 100 0 0
H-1 97 2 1
H-2 96 2 2
H-3 95 2 3
H-4 94 2 4

589



NOHU Miih. Bilim. Derg. / NOHU J. Eng. Sci. 2023; 12(2), 588-596
E. D. Yalcin, A. Canakgi

3 Results and discussion

3.1 Microstructure

A mechanical alloying time of 3 hours was determined in
order to ensure as a homogeneous a mixture as possible in
the produced Zn-Al based hybrid composite samples and

A et 24 k)

also to disperse the SiC and MWCNT powders into the
matrix thoroughly. If good performance is desired, especially
in ZA derivatives alloys, it is essential that the reinforcement
particles are sufficiently homogeneously dispersed into the
matrix and that a good interfacial bond is formed [16]. SEM-
EDS mapping images are shown in Figures 2a-d.

©
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Figure 2. EDS analysis of hybrid composites; (a) H-1, (b) H-2, (¢) H-3 and (d) H-4
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The red, green, blue, and purple colored regions in these
microstructures show the distribution of Zn, Al, Si, and C
elements. When Figure 2a-d is examined, it is seen that the
mapping patterns of Si, and C elements in SiC and MWCNT
structure are less compared to Zn and Al elements, but the
mapping patterns of both elements increase significantly
with increasing reinforcement ratio. The mechanism that
occurs here is that the ZA40 powders surround the SiC and
MWCNT powders during mechanical alloying and the
reinforcement powders are trapped in the Al matrix. As can
be seen from the EDS images, it was determined that SiC
powder became agglomerated with increasing reinforcement
rates. It is clearly seen that agglomeration areas increase in
hybrid composite powders reinforced with 2% MWCNT and
4% SiC, which is the highest ratio. Even though
agglomeration regions are seen in Figure 2, it is seen that the
distribution of the reinforcement powders in the matrix is
successful, and a complete agglomeration does not occur
despite the ceramic reinforcement-metal matrix interface,
which is known to have poor wetting properties.

3.2 Porosity and hardness

In Figure 3 and Figure 4, hardness values and porosity
amounts of ZA40 and reinforced hybrid samples are given.
It was clearly seen that increasing SiC reinforcement
increased the amount of porosity and caused a decrease in
the amount of hardness. The amount of porosity measured at
7.33% in the matrix material increased to 9.06% with the
addition of 1% SiC and 2% MWCNT, and reached the
highest value of 14.73% in the H-4 sample. Here, the H-1
sample is the sample with the lowest amount of porosity
among the hybrid composites. From this, it can be said that
the H-1 sample has less agglomeration than other hybrid
composites. Specially, the increase in the amount of
reinforcement increased the agglomeration of the powders
and led to the expansion of the grain boundaries [4, 5]. It is
thought that the effect of the packaging factor is here. When
we examined the hardness values in Figure 4, it was observed
that the hardness of ZA40 measured as 142 HV decreased
with the addition of MWCNT and SiC in the matrix.
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Figure 3. Porosity values of samples

It has been stated in similar publications that the effect of SiC
reinforcement on the hardness values of composites is
directly proportional to the sintering time [17, 18]. The
sample with the lowest hardness value is the H-4 sample with
117 HV. It is possible to clearly say that the increase in the
amount of porosity is effective in the decrease of the
hardness values.
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Figure 4. Vickers Hardness values of samples

3.3 Wear

As seen in Table 2 and Figure 5, weight losses of ZA40
and hybrid composites at 10 and 20N loads are given. The
weight losses of the hybrid samples under both loads were
significantly less than that of the ZA40 alloy. The reason for
this is that the SiC hard particles in the ZA40 matrix
strengthen the structure of the matrix and absorb the wear,
while MWCNT shows wear resistance thanks to its
lubricating feature in the system. When the load amount was
increased, the weight losses showed a linear increase.

Table 2. Weight loss of samples

Sample Code 10N (mg) 20N(mg)
H-0 0.4261 0.7882
H-1 0.0832 0.1855
H-2 0.0468 0.1503
H-3 0.0167 0.0595
H-4 0.0087 0.0147
I 20N
H-4 ] 10N

T T T
0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Weight Loss(mg)
Figure 5. Weight loss of samples
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The H-4 sample was the hybrid sample with the least weight
loss with 0.0087 mg under 10N load. The least weight loss
under all loads occurred in the H-4 sample. When the load
ratio was increased by 2 times, the weight loss in the matrix
material was almost 2 times, while in hybrid composites this
ratio was almost 4 times, especially in the H-2 and H-3
samples. The heterogeneous distribution of SiC and
MWCNT particles in the ZA40 matrix, and the interfacial
reactions between the matrix material and the reinforcement
particles were the properties that affected the wear behavior.

3.4 Worn surface analysis

In Figure 6, detailed SEM images of the worn surfaces of
the samples formed after the abrasion tests are given.
Stratification and cold ruptures occurred at loads below 10N,
and cracks and plastic deformations occurred at 20N loads.
In the wear tests performed with a 20N load in the SEM
images, more particles were broken off from the samples due
to greater weight losses along the 300 m road, only the
broken particles adhered to the surface of the hybrid
specimen again and cold welding was carried out inside of
the wear mechanism. We can say that there is an abrasive
wear mechanism in the non-reinforced alloy. Since H11 steel
type was used in the wear tests, this tip became the
determining parameter in determining the wear mechanism
by tearing off large pieces from the surface of the samples
that are softer than itself. The basic paradigm used in such
studies, especially in the literature, is when a material with a
high hardness value is pressed by applying force on another
material with very little hardness, localized plastic flow
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occurs from the abrasive surface of the hard material to the
soft material [19, 20]. When the wear trace diameters are
measured in Figure 7, the trace diameters decreased when the
MWCNT ratio increased at all loads. Under 10 N load, the
trace diameter of ZA40 alloy was measured as 3.406 mm
while it was measured as 1.311 mm in H-4 sample. Likewise,
under 20 N load, the trace diameter of ZA40 alloy was
measured as 4.70 mm while it was measured as 2.022 mm in
H-4 sample.

4 Conclusion

In this study, ZA40 matrix material was reinforced with
SiC and MWCNT, and samples were produced by powder
metallurgy and hot press technique, and their mechanical
properties and wear parameters were investigated. The
results of the study are listed below.

1- When the microstructure results of the mixed powders
obtained after mechanical alloying are examined; the milling
time during which SiC and MWCNT particles were ideally
dispersed in the matrix was determined as 3 hours.

2- The porosity values of 2-hybrid composites increased
with the increase of reinforcement ratios. The porosity
amount, which was measured as 7.33% in the lowest ZA40
matrix alloy, was measured as 14.73% in the H-4 sample and
took the highest value.

3- The hardness data decreased with the increase of
reinforcement ratios and the lowest hardness was obtained
from the H-4 hybrid sample with 117 HV, and the highest
hardness value was obtained from the matrix material with
142 HV.
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Figure 6. Worn surface examinations (SEM) of samples under 10 and 20N loads; (a) H-0-10N, (b) H-0-20N, (c) H-1-10N,
(d) H-1-20N, (e) H-2-10N, (f) H-2-20N, (g) H-3-10N, (h) H-3-20N, (k) H-4-10N and (I) H-4-20N
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Figure 7. Wear trace measurements of samples; (a) H-0-10N, (b) H-0-20N, (c) H-1-10N, (d) H-1-20N, (e) H-2-10N, (f) H-2-
20N, (g) H-3-10N, (h) H-3-20N, (k) H-4-10N and (I) H-4-20N
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4- In all samples, after the wear tests, the weight losses
increase with increasing load. The highest weight loss was
measured as 0.7882 mg in the matrix material under 20N
load. The lowest weight loss was measured as 0.0087 mg in
the H-4 hybrid sample under 10N load.

5- There were changes in the wear mechanism in the
SEM images that were examined after wear. In particular, it
was observed that increasing SiC reinforcement changed the
wear type from abrasive wear to adhesive wear.

6- In the study, it was concluded that the MWCNT
reinforcement, which is the best among the reinforcement
ratios used for the hybrid samples, was 2% and the best SiC
reinforcement was 4%.
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