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ABSTRACT

In this study, mechanically milled (MM) Al-24TiO,-20B,03; powder in molten Al7075 matrix was used in order to
fabricate in-situ TiB; and Al,Os reinforcements in A17075 matrix. Differential thermal analysis (DTA) examination was
adopted to find reaction temperature between milled Al, TiO,, and B,Os; powders. X-Ray Diffraction (XRD) patterns
showed the existence of TiB, and Al,O3 peaks (750 °C at Ar atmosphere) in MM powder. Scanning Electron
Microscopy (SEM) results revealed the uniform distribution of TiO, and B,Os3 particles in the aluminum matrix. 6 wt.%
MM powder was added to molten AlI7075 at 750 °C. The molten Al7075/TiB»-Al,O3 composite was poured in copper
mold. The stir casted composites were hot extruded at 465 °C with extrusion ratio of 6:1 and ram speed of 5 mm/s. The
microstructures (optical microscopy and TEM) and mechanical properties (hardness and tensile testing) of samples
were evaluated. TEM results showed that in-situ TiB, nanoparticles were formed. The tensile strength of extruded
Al7075/TiB-Al,O3 composite was reached the value of 496 MPa. This result was around four times greater than that of
the as cast A17075 alloy.

Keywords: Mechanical mill, In-situ, A17075/TiB»-Al,O3 hybrid composite, Stir cast, Extrusion, Tensile strength.

1. Introduction

Aluminum-based metal matrix composites
reinforced by hard ceramic particles have been
widely used in the aerospace and automotive
industries due to their high specific strength.
Although the strength increases with the addition
of ceramic reinforcement particles to the
aluminum matrix, the ductility of the composite
decreases[1, 2]. Stir casting is the most widely
used method of producing aluminum-based
composites. One of the main problems in the
production of metal matrix composites by stir
casting method is the weak wettability of
reinforcement particles with melt, which reduces
the mechanical properties[3].Using the in-site
method is one of the ways to improve wettability
of the reinforcement with melt. In-situ technique
involves production of reinforcement particle in
metallic matrix by chemical reactions. This
technique exhibits deferent advantages such as
thermodynamically stable formation  of
reinforcement in the matrix, clean reinforcement-
matrix interface and finer in size and more

*Corresponding author; borhani_g@yahoo.co.uk

uniform distribution reinforcement[4]. The aim of
this study was to evaluate the in-situ TiB, and
Al,O; formation in aluminum matrix and
investigate the effect of hot extrusion process on
mechanical properties of the Al7075/TiB;-ALOs3
hybrid composite.

2. Materials and Methods

TiO,, B,0Os, and Al powders with average size of
100 um were mixed according to reaction (1) for
the next mechanical milling process:

21Al + 3TiO; + 3B,05 —» 5A1,05 + 3TiB, + 11Al [1]

100 g of the mixed powder was ball milled with
56 wt. % of aluminum, 24 wt. % of TiO», and 20
wt.% of B,Os for 4, 8, and 10 h, respectively. The
ball to powder ratio and rotating speed kept
constant at 10:1 and 365 rpm, respectively.
Differential Thermal Analysis (DTA) was
performed to study the reaction temperature of Al-
TiO2-B,0O3; mixture. The mechanically milled
powders investigated by X-Ray Diffraction (XRD)
analysis. Scanning Electron Microscopy (SEM) was
used to study the uniformity of milled powders. 8-
hour mechanically milled powders were added to
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Figure 1. XRD patterns of powder mixture under different mechanical milling times.

Figure 2. structure of: a) as-cast A17075; b) as- cast Al7075/ Al:O3-TiB2 composite.

melted Al7075 at 750 °C, shielded by 6 wt. %
nitrogen gas atmosphere to prepare Al7075/TiB;-
AlO3 composite. The casted composite was hot
extruded at 465 °C with extrusion ratio of 6:1 and
ram speed of 5 mm/s. The tensile tests were
performed according to the ASTM E08-8
standard. The specimens' hardness was measured
by a Vickers' hardness tester at a load of 5 kg. The
hardness test was carried out at three different
locations and the average of these three readings
was taken as the hardness of the samples.

3. Results and Discussion

Figure 1 shows the XRD patterns of the milled
powders after 0, 4, 8, and 10 h. The materials in
powder mixture were recognized by XRD before
milling (oh), except B:0; There was some
significant changes in height reduction and
broadening of the peaks with increasing the
milling time up to 8 h. This behavior was due to
the reduction of powder size and increasing the

strain in powders during the milling time[5]. The
reaction between the Al, TiO,, and B,O; was
started after 10 h of milling. The Al,O; and TiB:
were the reaction products.

Microstructure of as-cast A17075 and Al7075/
Al,03-TiB, composite are shown in Figure 2. The
dendritic microstructure was transformed into
equiaxed grains by adding reinforcement particles
to the aluminum matrix. This could be due to the
formation of in-situ particles that form after the
reaction in the melt, and act as a primary
solidification nuclei and cause microstructure
modification.

Figure @~ 3  shows the  cross-section
microstructure of the extruded Al7075 and
extruded composite. Grain elongation was less in
composite sample. It seems the reinforcement
particles have been acted as a barrier against the
elongation of the grains.

Table 1 shows the data extracted from
hardness, yield, and ultimate tensile strength
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Figure 3. cross section microstructure of: (a) extruded Al7075; (b) extruded composite.

Table 1. Mechanical properties of samples

Yield Ultimate

Sample  strength  strength Hardness  Elongation

0,
(MPa) (MPa) (HV) (%)
As-cast
7075 115£12  133+13 54+6 3
As-cast
. 18614  225+15 85+4 4
composite
Extruded
7075 220+£15  263%16 97+6 4
Extruded 013 49612 1705 5
composite

testing of the casted and extruded samples. As

seen in the Figure 8a, the extruded Al7075/

ALOs3-TiB, composite showed the highest

hardness (170 HV) which was 68 % greater than

that of the A17075 matrix. Hardness improvement
could be attributed to the presence of hard TiB,
and ALOs particles in the soft matrix alloy and
refinement in grain size of Al7075 matrix. The
ultimate tensile strength (UTS) of extruded

Al7075/ Al,05-TiB; was reached the value of 503

MPa (74 % greater than that of the as-cast alloy)

without any significant changes in elongation

results. Enhancement of strength could be
attributed to three strengthening mechanisms:

(1) Difference in the thermal expansion coefficient
between the matrix and the reinforcement
particles leads to the increase in dislocations'
density which is called CTE strengthening [6];

(2)Addition of reinforcement particles leads to
refined the grains of the aluminum matrix
followed by grain refinement strengthening[7];

(3)The high young's modulus of reinforcement
particles make loop dislocations around the
particles which prevent dislocations movement
(Orwan strengthening) [8].

4. Conclusions

1. TiO, and B:O; particles were distributed
uniformly in the aluminum matrix after 8 h of
milling.

2. Reinforcement phases (TiB, and AlO3) were
formed at 750 °C after 8 h milling of Al-TiO»-
B»03 powder mixture.

3. The average grain sizes were decreased by
adding reinforcement particles to the
aluminum matrix.

4. In-situ TiB, nanoparticles were formed in the
aluminum matrix.

5. Hardness and ultimate tensile strength of
extruded composite reached the value of 170
HV and 496 MPa, respectively without
reduction in elongation result.
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