&N

L
A A

Ferdowsi University
of Mashhad

Journal of Metallurgical and Materials
Engineering

$

Iron&Steel
Society of Iran

The Effect of Adding Tungsten Disulfide Nanosheets on the Microstructure and Wear
Properties of Al-8Si-3Cu-2Zn Alloy Produced by Powder Metallurgy Method*

Research Article

Mohammad Alipour®”

1- Introduction

The production of nanocomposite using the conventional
method of powder metallurgy has weak points, such as not
very strong connection lines between the reinforcing phase
and the background phase, as well as the non-uniform
distribution of nanoparticles in the metal background. The
hot-pressing method, which is considered as one of the
advanced powder metallurgy methods, overcomes these
disadvantages and enables the uniform distribution of
nanoparticles in the ground phase. In this method, the
powders are first poured into a hardened metal mold and
placed in a hot press machine. Next, the powders are
gradually pressed into the mold until the specified
sintering temperature is reached, under a certain pressure.
Therefore, in this research, a hot-pressing method has been
used to produce nanocomposite. Although many
researchers ~ produced  different  aluminum-based
nanocomposites and investigated their physical and
mechanical properties, it is for the first time that the
production of Al-8Si-3Cu-2Zn-WS2 nanocomposite is
reported. The aim of the current research is to produce
nanocomposite based on Al-8Si-3Cu-2Zn alloy reinforced
with tungsten disulfide nanoplates (0, 2, and 5 wt. %). Al-
8Si-3Cu-2Zn alloy is chosen as the base material due to its
hardness and good wear properties. Al-8Si-3Cu-2Zn-WS2
nanocomposites were produced by a combination of
powder metallurgy and hot pressing under a temperature
of 510 °C. Al-8Si-3Cu-2Zn with and without tungsten
disulfide nanoplates will be subjected to wear tests to
evaluate the wear resistance.

2- Experimental

Al-8Si-3Cu-2Zn alloy with the chemical composition
specified in Table 1 with dimensions of 40 pm and purity
of 99% was used as the background phase and tungsten
disulfide with dimensions of 90 nm and purity of 99% was
used as the reinforcing phase. Pure aluminum, silicon,
copper and zinc powders were mixed in a mechanical
grinding machine for 40 hours to make an alloy powder
sample. The production process of nanocomposite was as

follows: first, aluminum alloy powder was milled for 10
hours along with 2 and 5 percentages of tungsten disulfide
in a planetary mill machine with two tanks, each of which
had a capacity of 30 grams. 1.5% of stearic acid is added
to the powders to prevent cold boiling. The ratio of pellets
to powder is 10:1 and the grinding speed is 250 rpm. Then
the milled powders were poured into a steel mold hardened
with spica steel and placed in a special hot press machine
for 30 minutes to reach a temperature of 510 °C in an
argon environment. In order to evaluate the microstructure
of the samples, standard metallographic method ASTM
E3-01 was used. The samples were polished to make the
sample surface smooth and then etched by a solution
containing 82 mL H,O, 15.5 mL HNOs3, and 0.5 mL HF.
Optical microscope and scanning electron microscope
(SEM) were used to study the microstructure of the
samples. In addition, grain size measurements were
performed using image analysis. Vickers microhardness of
the samples was measured using Buehler equipment by
applying a load of 200 grams for 15 seconds. Abrasion
properties of cylindrical samples after hot pressing were
investigated by pin on disc method according to ASTM
G99 standard. In order to calculate the weight loss of the
samples, the weight of the pin and disk was measured
accurately by a sensitive electronic balance before and
after the test. At the end of the test, the worn surfaces were
examined by an electron microscope.

3- Results and Discussion

The initial size of the aluminum alloy powder particles
before the grinding operation was found to be 50
micrometers. After 10 hours of grinding operation, the size
of alloy powder particles decreased to 40 micrometers. It
is obvious that reducing the particle size leads to less
density and more suitable dissolution in the hot-pressing
process. The morphology of nanocomposite powders after
10 hours of grinding is shown in Fig 1 a and b. As it is clear
in Figure 1, after grinding, the morphology of alloy
powders becomes layered and scaly due to severe plastic
deformation. Table 1 shows the average value of
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microhardness of samples produced by hot pressing
method. As it is clear after adding nanoparticles up to 5 wt.
% to the base, the microhardness value almost doubled.
The microhardness value for the alloy base is 50 Vickers
which increased to 101 Vickers for the nanocomposite of
Al-8Si-3Cu-2Zn-5%WS2. Table 2 shows the wear rate
obtained from the wear test. The wear rate was calculated
according to the density of the sample, the distance and the
weight loss of the pin during the wear test. According to
the graph, the wear rate has decreased significantly from
74 mm*/Km for the Al-8Si-3Cu-2Zn alloy base to 51
mm?*Km  for the Al-8Si-3Cu-2Zn  -2%WS2
nanocomposite. This reduction in the wear rate can be due
to the presence of the reinforcing phase and the creation of
a mechanical mixed layer (a layer containing different
oxides) that plays the role of a lubricant.
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Figure 1- a) aluminum powder containing 2 wt. % of WS2
nanoplates, b) aluminum powder containing Swt. % of WS2
nanoplates.

Table 1 Hardness results of nanocomposite samples in
different conditions

Microhardness samples — Vickers | Welded sample
50 Base sample
72 2 percent WS2
101 5 percent WS2

Table 2 Wear rate results of nanocomposite samples in
different conditions

mm?/Km - Wear rate of samples | Welded sample
74 Base sample
51 2 percent WS2
59 5 percent WS2

4- Conclusions
The following results can be extracted from this study:
In this research, metal matrix nanocomposite with Al-8Si-
3Cu-2Zn matrix with reinforcing phase of tungsten
disulfide nanoplates with different weight percentages (2.0
and 5 wt. %) were produced. The changes in the
morphology and microstructure of the powders after
grinding were discussed. The uniform distribution of
nanoparticles in the matrix reduced the size of the
particles, increased the density and improved the
performance of the hot-pressing process. The experimental
findings are summarized as follows:

1- The optimal amount of tungsten disulfide nanosheets is
2 wt. %.

2- The accumulation of tungsten disulfide nanosheets at
the grain boundary causes brittleness, porosity, less
surface bonding and as a result, a decrease in mechanical
properties.

3- However, an excessive increase in the amount of
tungsten disulfide nanoplates causes accumulation and
agglomeration, so the COF and wear rate increase.

4- The wear resistance of the produced nanocomposites is
higher than the base sample and the weight loss of the
base sample is higher than the optimal sample. Due to
the self-lubricating nature of tungsten disulfide
nanoplates, the friction coefficient for the base sample
and nanocomposite containing 2 wt. % of tungsten
disulfide nanoplates is 0.712 and 0.532, respectively,
which indicates a reduction in the friction coefficient.
Also, the hardness of the samples increases from 50
Vickers for the base sample to 101 Vickers for the
sample containing 5 wt. % of tungsten disulfide
nanosheets.

5- There was a transition of the wear mechanism from the
combination of layered wear, sticky wear, and abrasive
wear to mild abrasive wear with the increase of the
reinforcing content of graphene nanosheets up to 2 wt.
%.

6- Increasing the content of tungsten disulfide nanosheets
was beneficial for the formation of MML during the dry
sliding process, which can not only protect the worn
surface but also reduce the COF of the nanocomposites.
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The Effect of Adding Tungsten Disulfide Nanosheets on the Microstructure and Wear Properties of
Al-8Si-3Cu-2Zn Alloy Produced by Powder Metallurgy Method

Mohammad Alipour

Abstract In this research, the mechanical properties (microhardness and wear) of Al-8Si-3Cu-2Zn nanocomposites
with 0, 2, and 5% by weight of tungsten disulfide nanoplates have been investigated. The studied nanocomposite was
produced through mechanical grinding and hot pressing at a temperature of 510 degrees Celsius. The microstructures
of powders before and after mechanical grinding and sintered samples were studied through electron microscopy
(SEM). By examining the worn surfaces after the wear test by electron microscope, the cause of weight loss was
investigated. The results show that by adding tungsten disulfide nanoplates up to 5% by weight, the microhardness of
the samples increases more than twice and from 50 Vickers for Al-8Si-3Cu-2Zn to 101 Vickers for Al-8Si.-3Cu-2Zn
nanocomposite reaches -5%WS2. According to the results of the wear tests, the wear rate for Al-8Si-3Cu-2Zn-5%WS2
will decrease by 32% %, compared to the Al-8Si-3Cu-2Zn alloy background. Therefore, Al-8Si-3Cu-2Zn-5%WS2
nanocomposite can be used as a self-lubricating nanocomposite with favorable wear properties.

Keywords Aluminum-based nanocomposite, Mechanical properties, Wear rate, Hot pressing.
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