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The effect of adding tungsten disulfide nanosheets on the microestructure and
wear properties of Al-8Si-3Cu-2Zn alloy produced by powder metallurgy
method

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 beforevand 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 increasesimore 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 nanecomposite, mechanical properties, wear rate, hot pressing
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Table 1. Chemical composition of Al-8Si-3Cu-2Zn alloy as

matrix powder.
Substance | Al Si Cu Zn Cu

Wt.% Bal 8 3 2 0.05
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SEM MAG: 500 x WD: 21.14 mm VEGAN TESCAN
"

SEMHV: 2000k Det SE
Date{midiy): 1172118 Vac Hivac HAZ\"

—~
SEM HV: 15.0 kV |
iew field: 2.54 pm t: InBeam 500 nm
SEM MAG: 50.0 kx | Date(m/dly): 07/03/23

MIRA3 TESCAN

Figure 1-a) Background powder after 40 hours of mechanical
alloying, b) WS2 nanosheets.
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SEM MAG: 5.00 kx Det: BSE MIRA3 TESCAN SEM MAG: 5.00 kx Det: BSE MIRA3 TESCAN
WD: 10.95 mm BI: 10.00 10 pm WD: 10.95 mm BI: 10.00 10 pm
View field: 41.5 ym |Date(m/dly): 06/22/19 View field: 41.5 ym  Date(m/dly): 06/22/19

D1 =85.83 nm

SEM MAG: 150 kx Det: InBeam MIRA3 TESCAN] SEM MAG: 100.0 kx Det: InBeam MIRA3 TESCAN

WD: 4.96 mm BI: 7.00 200 nm WD: 4.95 mm BI: 7.00 500 nm
View field: 1.38 pm |Date(m/dly): 06/22/19 View field: 2.08 ym  Date(m/dly): 06/22/19

Figure 2- a) aluminum powder containing 2% of WS2 nanoplates, b) aluminum powder containing 5% of WS2 nanoplates, p and d)
WS2 nanoplates inside aluminum powders.
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———————————— 2pm HT=15kV Mag= 12500 X 1probe =10 nA
MaxView Live

Combine W-5 with image [l
2 < : |————————— 2pm HT =15kV Mag = 12500 X | probe = 10 nA
Combine W-S with image

|—— 2pm HT =15kV Mag = 12500 X | probe = 10 nA

| 2pm HT=15kV Mag=12500 X |probe =10 nA’

Figure 3- Aluminum powder after 10 hours of grinding and how to spread nanoplates on aluminum powder.
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Table 2- Hardness results of nanocomposite samples in
different conditions
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Table 3- Wear rate results of nanocomposite samples in
different conditions
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Figure 4- a) aluminum alloy containing 2% WS2 nanoplates,
b) aluminum alloy containing 5% WS2 nanoplates after hot

pressing.
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Table 4. Coefficient of friction for base alloy and

nanocomposites for different weight percentages of
graphene.

Coefficient of
friction

Sample

Al-8Si-3Cu-2Zn 0.712

Al-8Si-3Cu-2Zn -2% wt. WS2 0.532

Al-8Si-3Cu-2Zn -5% wt. WS2 0.612
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Figure 5- SEM photographs of wear surfaces of nanocomposite samples a) basic, b) containing 2% WS2 nanosheets, ¢) containing
5% WS2 nanosheets
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