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1- Introduction

Zirconium diboride is one of the reinforcing materials in
which its mechanical and abrasion properties have
attracted the attention of industries and researchers . The
effect of addition of zirconium diboride (ZrB,)
nanoparticles on the microstructure and tensile properties
of AI5083 aluminum matrix composite was evaluated in
the current research. AlI5083-5 wt.% ZrB, and Al5083-10
wt.% ZrB, nanocomposites were produced at 1000°C
using in situ-stir casting method. The casted samples were
subjected to hot extrusion process to homogenize the
distribution of the reinforcement particles in the matrix.
Besides, the ZrB, nanoparticles synthesized using
zirconium oxide (ZrO), potassium tetrafluoro boride
(KBF4), and molten aluminum. X-ray diffraction (XRD),
optical microscopy (OM) and field emission scanning
electron microscopy (FE-SEM) were used to investigate
the microstructure, surfaces and fracture mechanism of the
prepared composites. The mechanical properties results
showed that addition of 10% by weight of ZrB- particles,
increased the ultimate tensile strength by 18.2% and
reduced the strain by 19.5%. The additional extrusion
process reduced the porosity and increased density, as
well.

2- Research Method

In this research, industrial 5083 aluminum alloy (produced
by Iran Aluminum Company), industrial cryolite powder
(NasAlFs) with dimensions less than 80 microns, industrial
zirconium oxide (ZrO,) powder with a purity of 98% and
dimensions less than 60 microns, and potassium
tetrafluoroborate salt (KBF4) with a purity of 98% and a
dimension of less than 80 microns were used as row
materials. During the composite manufacturing stage,
ZrO2, NasAlFs and KBF4 powders were first mixed and
ball-milled in the 2:1:1 ratio, respectively, at a speed of 80
rpm. Aluminum 5083 was melted at a temperature of 1000
°C. After adding the mixed powders, stirring was

continued for 10 minutes with a mechanical stirrer at a
speed of 70 rpm. Table 1 shows the coding of
manufactured samples. After the melt was prepared, it was
poured into a mold as an ingot. The cast samples were cut
to a length of approximately 45 mm and subjected to hot
extrusion in a 1:9 extrusion die made of w360 hot-work
tool steel at a temperature of 500 °C. By applying a pressure
of 700 bar, the length of the sample reached approximately
270 mm. The extruded samples were subjected to tensile
testing according to ASTM E8M standard.

Table 1: Fabricated samples

Sample Sample
name
AI5083 S1
AIl5083-5%ZrB; S
AI5083-10% ZrB; S3

3- Results and Discussion

The in-situ formation of titanium diboride reinforcing
particles in the 5083-aluminum matrix was evaluated by
EDS results of Fig 2. Figure 3 shows the field emission
scanning electron microscope image of the nano-sized
particles of the zirconium diboride. Figure 4 shows the
stress-strain diagram of AI5083 as a control sample and
Al5083-10wt% ZrB, nanocomposite after hot extrusion
process. As can be seen, the strength and elongation
percentage of Al5083-10wt% ZrB, nanocomposite have
increased.
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Figure 3: Size of zirconium diboride nanoparticles.
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Figure 2: EDS analysis
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Figure 4: Stress-strain diagram
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Investigation of the Microstructure and Mechanical Properties of Al5083-ZrB,; Nanocomposite
Fabricated by Stire Casting

Masoud Motamedi yegane Ali Alizadeh

Abstract This study, the effect of adding zirconium diboride (ZrB,) nanoparticles on the microstructure and tensile
properties of AI5083 aluminum matrix composite was studied. AI5083-5wt% ZrB, and AlI5083-10wt% ZrB;
nanocomposites were produced by situ-stir casting at 1000°C using in-situ synthesis. Then, the samples were subjected
to hot extrusion for uniform distribution of the reinforcements in the matrix. The ZrB, nanoparticles used in this study
were processed in situ using cryolite (Na3AIF6), zirconium oxide (ZrO2) and potassium tetrafluoroboride (KBF4) in
molten aluminum. X-ray diffraction (XRD), optical microscopy (OM) and field emission scanning electron microscopy
(FE-SEM) were used to investigate the microstructure, surfaces and fracture mechanism of the samples, and tensile
testing was used to evaluate the mechanical properties. The tensile test results showed that the addition of 10% by weight
of ZrB2 particles, compared to the sample without reinforcement, increased the ultimate tensile strength by 18.2% and
reduced the strain by 19.5%. Also, the additional extrusion process reduced the porosity resulting in increased density.

Keywords In situ synthesis, Aluminum 5083, stire casting, Zirconium diboride nanoparticle.
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