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Abstract: The paper describes a different condition of 
pouring temperature by sand and permanent mould to 
produce A356-6  wt% TiB2  metal matrix composites by  
in-situ method salt metal reaction route. The observa-
tion of SEM micrographs shows particle distribution of 
the TiB2 and it appears in hexagonal shape in Al matrix. 
The results of X-ray diffraction (XRD) analysis con-
firmed the formation of those TiB2 particulates and the 
results showed TiB2 particles are homogeneously dis-
persed throughout the matrix metal. Subsequent struc-
ture-property evaluation studies indicated sub-micron 
size reinforcement of in-situ formed TiB2 particles with 
improved physical and mechanical properties as com-
pared to sand and permanent mould of Al-TiB2 compos-
ites. From, the permanent mould Al-TiB2 composite has 
an advantage of increase the properties over sand mould 
Al-TiB2 composite.

Keywords: Al-TiB2; in-situ; metal matrix composite; per-
manent mould; sand mould.

1  Introduction
Particulate reinforced metal matrix composites (PRMMCs) 
have been fabricated normally by conventional ex-situ 
research work due to their ease of fabrication, lower cost 
and isotropic properties. The ex-situ composites are fab-
ricated by directly adding reinforcements in to its matrix 
[1, 2]. Al-TiB2 composite is particularly adaptable to in situ 
synthesising. Reaction between Ti and B is highly exother-
mic in behaviour and the heat generated helps to acceler-
ate the formation of TiB2 readily [3, 4]. In addition TiB2 is 
particularly suitable to serve as a reinforcing phase for Al-
based composites because of its thermodynamic stability 

in aluminium [5]. The salt route is used and to synthesise 
the in situ Al-TiB2 composite [6]. This technique exhibit the 
presence of a uniform distribution of reinforcement that 
tends to be fine and associated with a clean interface with 
the metallic matrix, which assists in the formation of a 
stronger bond between the reinforcement and the matrix 
[7]. TiB2 is particularly attractive because it exhibits high 
elastic modulus, hardness, high thermal conductivity and 
mainly TiB2 particle do not react with molten aluminium 
[8]. The cast aluminium alloys always contains certain 
amount of defects such as porosity, oxide films and other 
inclusions strongly affect mechanical behaviour [9]. This 
paper investigates the synthesising of Al-TiB2 composite 
by the stir casting approach and compare and analyse 
the microstcure and mechanical properties in sand mould 
and permanent mould conditions and minimise the above 
defects.

2  �Experimental preparation

2.1  �Fabrication of composite

Commercial A-356 was used for the production of Al based 
MMCs by in-situ technique. The stoichiometric mixture 
of prebaked potassium hexa flouro titanate (K2TiF6) and 
potassium tetra flouro borate (KBF4) was added to molten 
metal for 6 wt% TiB2. Fluxes melted immediately to form 
a molten layer on the molten metal surface. The stirring of 
molten metal was continuously up to 30 min. K2TiF6 and 
KBF4 salts were added into molten Al resulting in exother-
mic reaction to form in-situ TiB2 particulates in Al. The in-
situ formed A356-TiB2 MMCs were cast in both sand and 
permanent moulds at different pouring temperatures of 
780°C, 790°C, 800°C, 810°C and 820°C [10].

2.2  �Evaluation of cast composite

Specimens from cast components of A356-6  wt% TiB2 
composite were examined using optical microscope, SEM 
and XRD techniques. The fracture toughness specimens 
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were pre cracked in accordance with ASTM E399 to 
provide a sharpened crack of adequate size and straight-
ness. Fracture toughness test was carried out in the 
Instron 8801 testing machine. Tensile properties of the 
composite are evaluated using ASTM standards E8-03 on 
standard 12  mm diameter specimen. Tensile tests were 
also carried out at UTM servo hydraulic testing machine. 
The hardness tests were carried out by Brinell hardness 
testing machine.

3  �Results and discussion

3.1  �Microstructure analysis

The optical micrograph of sand and permanent mould 
Al/TiB2 MMCs is prepared using optical microscopy. 
Figure 1 shows a typical microstructure of the TiB2 
particles were found to be distributed along the grain 
boundary during solidification still existed, despite 

the formation of TiB2 in the melt and very minimal 
agglomeration of the particles was observed [11]. In the 
case of Al/TiB2 MMCs cast in permanent moulds due to 
sudden cooling fine grained structure are seen as found 
in optical micrograph (Figure 1A and B). In the case of 
Al/TiB2 MMCs cast in sand moulds due to slow cooling 
coarse grains are obtained as seen optical micrograph 
(Figure 1C and D).

Figure 2A shows the SEM micrograph of permanent 
mould which shows the presence of TiB2 particles and its 
distribution in the aluminium metal matrix. The morphol-
ogy of the TiB2 particles is typically hexagonal or nearly 
spherical and there are clear interfaces between parti-
cles and matrix. It can be seen in the micrograph of TiB2 
content some TiB2 particles distributed evenly also some 
small particle agglomerate to form some particle clusters 
[12]. The TiB2 particles are visible and the average size of 
particles is 1.5–2.0 μm, sudden cooling fine grained struc-
tures are seen as found. The permanent mould is high 
temperature and fluidity of molten metal are also high 
then the TiB2 particles will disintegrate into smaller sizes 
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Figure 1: (A and B) Optical micrographs of A356/TiB2 permanent mould, A356/TiB2 sand mould composite and closed grain structure refine-
ment (C) and (D).
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(1.0–1.5 μm) observed. The more number of TiB2 parti-
cles will get trapped in the freezing metal because more 
amount of cooling MMC is circulated in that condition.

Figure 3A and B shows the micrographs of sand mould 
which shows the presence of TiB2 particles and its distri-
bution in the aluminium metal matrix. It can be seen in 
the micrograph of TiB2 content the particles are evenly dis-
tributed. The TiB2 particles are visible and the average size 
of particles is 2.0–2.5 μm. These strong interfaces between 
the particle and matrix but slow cooling coarse grains are 
obtained. Hence in sand mould which is lowest corner of 
the ingot more molten metal will get circulated molten 
metal will get trapped [13]. Dispersion of reinforcing parti-
cles and assume a needle shape and flaky form. It is seen 
that the presence of Al3Ti hinders the uniform distribu-
tion of the reinforcement. The size of TiB2 particles will 
be more for higher pouring temperatures at the same time 
the cooling rate is also low the TiB2 will disintegrate into 

larger sizes. Hence the size of the TiB2 particles, 2–2.5 μm 
as observed.

The XRD patterns of the in-situ composites TiB2 par-
ticles have formed as evidenced by XRD both permanent 
and sand mould with different conditions as shown in 
(Figure 4A and B). The peak intensity is increasing with 
increasing amount of TiB2 particles. Apart from the Al 
and TiB2 peaks, the XRD patterns also show peaks cor-
responding to Al3Ti (θ), as expected from the phase 
diagram. After pouring as the cooling rate is low the TiB2 
particles grow in size affecting the mechanical proper-
ties. The effect of pouring temperature exclusively can be 
understood by analyzing the percentage of particles. At 
lower pouring temperature of 750°C at 50% TiB2 content 
is found the fluidity will be less [14]. The pouring temper-
ature of 810°C the TiB2 content is maximum at 70–80% 
where the fluidity are maximum and first to be filled in 
the mould.

A B

Figure 2: SEM micrograph shows Al/TiB2 prepared 820°C at permanent mould (A) TiB2 evenly distributed in matrix, and (B) interface of the 
reinforcing TiB2 particle hexagonal shape l in matrix.
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Figure 3: SEM micrograph shows Al/TiB2 prepared 800°C at sand mould (A) TiB2 evenly distributed in matrix, and (B) interface of the rein-
forcing TiB2 particle with the soft metal matrix.
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3.2  �Mechanical properties of Al/TiB2 MMCs

Figure 5 shows the comparison of UTS bar graph values 
with permanent mould and sand mould conditioned 
samples. In permanent mould casting have more UTS 
with higher temperature as the cooling rate is high and 
TiB2 particles formed is are finer [15]. The Brinell hardness 
test results are shown in Figure 6A. In permanent mould 
condition as the temperature increases hardness also 
increases in range tested. In sand mould condition fissure 
cracks were formed due to Al3Ti formation and it affect 
the hardness of Al/TiB2 composites at temperature above 
800°C. The fracture toughness of sand mould and perma-
nent mould were improved considerably by in-situ TiB2 
reinforcement. The fracture toughness improvement was 
more in permanent mould as compared to sand mould 
composite as shown in Figure 6B.

4  �Conclusion
Aluminium (A356) with salts K2TiF6 and KBF4 were syn-
thesised to get Al/TiB2 MMCs were fabricated through 
salt metal route and cast permanent mould/sand mould. 
The SEM micrograph show and XRD graphs confirm the 
presence of TiB2 particles. The optical micrograph show 
fine grained structure for Al/TiB2 MMCs cast through per-
manent moulds and coarse grained structure for Al/TiB2 

MMCs cast through sand moulds. The fracture toughness, 
tensile and hardness values observed for Al/TiB2 MMCs 
cast through permanent mould are more than that cast 
through sand mould. Show significant improvements of 
fracture toughness, hardness and tensile strength in per-
manent mould condition of the Al 6% wt of TiB2 are 22.89 
Mpa√m, 175 MPa and 76.33 BHN. It is concluded finally that 
the permanent mould casting are more suitable for Al/TiB2 
composite fabrication as compared with sand mould.
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Figure 5: Effect of processing temperature on UTS of Al/TiB2 MMC 
on sand and permanent mould.
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Figure 6: (A) Comparison of hardness in different mould condition 
with different temperature of Al/TiB2 MMCs, (B) Comparison of frac-
ture toughness in different mould condition with different tempera-
ture of Al/TiB2 MMCs.
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Figure 4: (A) XRD of extracted second phase particles boundaries of 
A356/TiB2 permanent mould, (B) A356/TiB2 sand mould.
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