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Abstract. Metal matrix composites (MMC) reinforced with titanium boron and magnesium   

offer high mechanical and good physical. Al356 alloy reinforced with TiB and Mg particles in 

die casting prosses was the most simple way. The purpose of the study was to investigate the 

difference of the microstructure to Al356 alloy reinforced of TiB and Mg particles, as well as 

the changing effects on the extra level of TiB and Mg. The base materials used were Al356 

alloy as the matrix and TiB and Mg as the reinforcement (3, 4, 5 wt%). The casting prosses 

used in the study was the die casting. The microstructure of the composites fabricated by 

different parameters indicated that semi-solid method resulted improved in homogeneous 

particle distribution 3–5 wt% TiB and Mg composites were fabricated by the novel processing. 

The particle distribution was uniform in these composites. Grain sizes of composites will be 

much smoother by giving TiB. The Grain sizes of were enhanced as the particle contents 

increased. The morphology of the composite between the reinforcing particle to the Al356 

alloy matrix was to unite and to be dispersed evenly. This article only discusses micro and 

SEM. 
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1. Introduction 

Aluminum matrix composites have become of great interest in the lightweight fields because of their 

high specific stiffness and high specific strength [1–3]. However, aluminum matrix composites are 

limitedly used due to their high cost. Their high cost usually comes from three aspects: 

reinforcements, fabrication processing, and secondary deformation. Thus, economical particles and 

high efficient production methods should be developed. Micro particles are very economical because 

of their low prices and easy dispersion during fabrication. The micro particle reinforced aluminum 

matrix composites own the potential commercial use for its relatively low cost and good mechanical 

properties. Micro particle reinforced metal matrix material is usually produced by powder metallurgy, 

high-energy ball milling, sputtering and stir casting [4–6], etc. Among all of these methods, stir 

casting is regarded as the most productive and economical. However, long stir time is necessary to 

obtain uniform particle distribution. This often results in too much gas and oxidation to Mg matrix. 

Thus, it is a need to reduce the stirring time to fabricate high-quality composites [7–9]. The 

manufacture of aluminum alloy is a combination of A356 as a matrix with Magnesium (Mg) and 

Titanium Boron particles as reinforcement because these properties can increase the strength and 

toughness of a metal. Alloy A356 has advantages such as light weight (density 2.7 g/cm3), tensile 



Biomedical and Mechanical Engineering Journal (BIOMEJ) 

e-ISSN: 2776-1983, p-ISSN: 2829-5242 

Vol. 2, No.2, October 2022, pp 1-12 

 
 
 
 
 
 

2 
 

strength of 172 MPa and resistance to corrosion, but has a low hardness of 60 HB [10-12]. Research 

on AlTiC and AlTiB with variations of 0.2%, 0.5%, 1% got the result that with the addition of 1% TiB 

the grain size was getting smaller [13-15]. Alloy Al7178 with variations of TiB (1, 2, 3, 4 wt.%) 

obtained the result that the addition of TiB between (1-4 wt.%) the grains decreased significantly in 

the mining of TiB (1 wt.%) which was 140 m , at (4 wt.%) to 55 m [16-18]. The study used master 

alloys AlTiB with a variation of 0.03% to 0.15% with the results of the study being that the smallest 

grain size was 50 m, achieved at a variation of 0.13% TiB [15]. Generally, the nanoparticles reinforced 

composites have been produced using a variety of methods: stir casting [18-20], disintegrated melt 

deposition, powder metallurgy, etc. However, stir casting method is preferred to other techniques due 

to its capability of producing complex shapes at a high production rate and low costs [19]. The 

purpose of the study was to investigate the difference of the microstructure of  Al356 alloy, as well as 

the changing effects on the extra level of TiB and Mg. Specimens were tested focusing on the 

microstructure and SEM. 

2. Experimental Method 

The research is viewed from the mechanical properties, the results of the casting using the die casting 

process. The main material used is aluminum alloy Al356, with variations in the addition of elements 

Mg (3, 4, 5) wt% and TiB 2 wt%. The addition of Mg and TiB can improve the mechanical properties 

of the castings. Here is Fig 1 of the materials used, and Table 1 is the composition of the ingredients. 

 

   

(a)  (b) 

 

 

(c) 

Figure 1. Materials used in casting 

(a) Mg, (b) TiB, (c) Al356. 
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The following is Table 1 The composition of the ingredients. 

 

Table 1. Chemical composition of materials 

 

Materials 

Chemical composition (%) 

Si Mg Al Fe Cu Mn Other 

Al356 (ingot) 10.34 0.27 85.41 0.87 1.81 0.16 1.017 

Mg 0.013 99.93 0.022 0.003 0.012 0.012 0.018 

TiB 0.16 - 93 0.16 - - 0.05 

 

The first stage of this process is to prepare the material to be melted. These ingredients are cut into 

small pieces according to the ratio of the mixing weight. This is done to simplify the process of setting 

the mixing composition. Each material is weighed to obtain the mass composition according to the 

variation of casting. The results of weighing materials for each variation are shown in Table 2. 

 

Table 2. Variations in the composition of foundry 

Materials (wt%) 
Al356 

(gram) 

TiB 

(gram) 

Mg 

(gram) 

Total 

(gram) 

Al356+TiB 2% Mg 0% 500 - - 500 

Al356+TiB 2% Mg 3% 450 20 30 500 

Al356+TiB 2% Mg 4% 440 20 40 500 

Al356+TiB 2% Mg 5% 430 20 50 500 

 

In the next process, the material melts into the heating furnace. First Al356 is heated to a temperature 

of 800 °C to reach a complete liquid state. Then the temperature is lowered to 640 °C, then Mg and 

TiB are put into the heating furnace. It is then thoroughly stirred by a mechanical stirrer. The 

rotational speed of the stirrer is 200 rpm and the stirring time is 120 seconds. Then it must be heated 

again to a pouring temperature of 760 °C. The mold metal is also heated to a temperature of 250 °C, 

then poured into the mold. Then allowed to stand for 360 seconds, and released from the die casting 

mold. After that, the casting is cooled at room temperature. Furthermore, the casting results are cut 

into pieces according to the test specimen. Here is Fig 2. casting results. 

 

 

Figure 2. Casting results, and dividing the test area 

boundaris.  

 

3. Results and Discussions 

3.1. Microstructure 
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The microstructure testing by using Olympus, an optical microscope with a magnification of 

200X, produced photos structure micro of Al356MgTiB  and Al356MgTiB in Fig. 4 and 5 

below. 

 

 

(a) 

 

 

(b) 

 

 

(c) 

Figure 3. Micro Al-TiB-Mg 0% wt (a) Top, (b) Center, 

(c) Battom 
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(a) 

 

 

(b) 

 

 

(c) 

Figure 4. Micro Al-2TiB-Mg 3% wt (a) Top, (b) Center, 

(c) Battom 
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(a) 

 

 

(b) 

 

 

(c) 

Figure 5. Micro Al-2TiB-Mg 4% wt (a) Top, (b) Center, 

(c) Battom 
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(a) 

 

 

(b) 

 

 

(c) 

Figure 6. Micro Al-2TiB-Mg 5% wt (a) Top, (b) Center, 

(c) Battom 

 

Fig 3. Micro Al-TiB-Mg 0% wt shows that the grain size is very large when compared to Al-2TiB-Mg 

3% wt, Al-2TiB-Mg 4% wt, and Al-2TiB-Mg 5% wt because it is not the addition of the percent TiB 

and Mg elements given. TiB and Mg elements can improve the finer grain size in the casting results. 

Fig Micro Al-TiB-Mg 0% wt Top, Center, and Battom gives relatively the same grain size. This is like 

the results of research Hashim, et al. (1999) which stated that the potential for grain size improvement 

in the casting process was caused by a chemical reaction between the reinforcing particles and the 

alloy which resulted in good grain size with the addition of TiB and good adhesion after the addition 
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of Mg element. Fig 4. Micro Al-TiB-Mg 3% wt showed smaller grain size when compared to Al-TiB-

Mg 0% wt. However, when compared with Al-2TiB-Mg 4% wt and Al-2TiB-Mg 5% wt the grain size 

was slightly larger. Fig 6. Micro Al-TiB-Mg 5% wt shows finer grain size when compared to Al-TiB-

Mg 3% wt and Al-2TiB-Mg 4% wt, because the addition of percent Mg has an impact on adhesion and 

size changes. item. Al-TiB-Mg 5% wt between the Top, Center, and Battom gave relatively the same 

grain size. 

3.2. Calculation of Grain Size 

The grain size calculation uses the linear intercept method according to the ASTM E112-96 standard, 

the aim is to compare Al354 with the addition of TiB and Mg with Al354 without the addition of TiB 

and Mg. The results of the calculation of grain size data are obtained as shown in Table 3. below.. 

 

Table 3. Grain size calculation 

Materials  Test Area 
Diameter grain 

size (m) 

Diameter Average 

grain size (m) 

Al356 +TiB+Mg 0 wt% 

Top 110.50 

109.46 Center 108.70 

Battom 109.20 

Al356 +2TiB+Mg 3 wt% 

Top 73.33 

71.84 Center 70.40 

Battom 71.80 

Al356 +2TiB+Mg 4 wt% 

Top 52.68 

52.12 Center 52.14 

Battom 51.54 

Al356 +2TiB+Mg 5 wt% 

Top 34.87 

35.09 Center 35.35 

Battom 35.07 

 

The density and porosity graph of the casting results with the percentage of Mg is shown in Fig 7and 8 

below: 

 

Figure 7. Diameter grain size calculation AlTiBMg 

 

0

20

40

60

80

100

120

140

0 3 4 5

G
ra

in
 s

iz
e

 (


m
)

Mg (wt%)

Top Center Battom



Biomedical and Mechanical Engineering Journal (BIOMEJ) 

e-ISSN: 2776-1983, p-ISSN: 2829-5242 

Vol. 2, No.2, October 2022, pp 1-12 

 
 
 
 
 
 

9 
 

 

Figure 8. Diameter Average grain size calculation AlTiBMg 

 

Fig 7. The result of the grain size calculation shows that the grain diameter for each element variation 

is Al-TiB-Mg 0 wt%, Al-2TiB-Mg 3 wt%, Al-2TiB-Mg 4 wt%, and Al-2TiB-Mg 5 wt%, has 

relatively the same grain size values for the Top, Center, and Battom sections. Fig 8. The average 

value in each section of the variation between Top, Center, Battom is Al-TiB-Mg 0 wt%, which is 

109.46 m, Al-2TiB-Mg 3 wt% is 71.84 m, Al-2TiB-Mg 4 wt% is 52.12 m, Al-2TiB-Mg 5 wt% is 

35.09 m. The difference in grain size values between the variations of Al-2TiB-Mg 3 wt%, with Al-

2TiB-Mg 4 wt% is 52.12 m. While the variation of Al-2TiB-Mg 4 wt% with Al-2TiB-Mg 5 wt% is 

17.03 m. So that the variation of Al-2TiB-Mg 5 wt% has the smallest grain size value when 

compared to other variations. The average change of grain size in each variation is 35.59 m.  

3.3. Marphology Test 

The morphology image with the magnification of 300X and 500X produced the micro-photos of Al-

TiB-Mg in Fig. 8 below. 
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(b) 

Figure 9. Morphology Magnification 300X 

 

 

(a) 

 

 

(b) 

Figure 10. Morphology  Magnification 500X 
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Fig. 9 and 10 The morphology Al-2TiB-Mg between the reinforcing particles and the matrix can be 

uniformly fused. In the Al-2TiB-Mg variation there are Mg particles surrounding the Al alloy matrix 

which bind to each other. Meanwhile, Al-2TiB-Mg can be seen between TiB-Mg and Al alloy matrix 

that can mix well. Then the addition of TiB can cause changes in the shape of the particles to be 

smoother and more evenly distributed. 

4. Conclusion 

The results of this study are as follows: Micro Al-TiB-Mg 5% wt shows finer grain size when 

compared to Al-TiB-Mg 3% wt and Al-2TiB-Mg 4% wt, because the addition of percent Mg has an 

impact on adhesion and size changes. item. Al-TiB-Mg 5% wt between the Top, Center, and Battom 

gave relatively the same grain size. The difference in grain size values between the variations of Al-

2TiB-Mg 3 wt%, with Al-2TiB-Mg 4 wt% is 52.12 m. While the variation of Al-2TiB-Mg 4 wt% 

with Al-2TiB-Mg 5 wt% is 17.03 m. So that the variation of Al-2TiB-Mg 5 wt% has the smallest 

grain size value when compared to other variations. The average change of grain size in each variation 

is 35.59 m. In the Al-2TiB-Mg variation there are Mg particles surrounding the Al alloy matrix 

which bind to each other. Meanwhile, Al-2TiB-Mg can be seen between TiB-Mg and Al alloy matrix 

that can mix well. Then the addition of TiB can cause changes in the shape of the particles to be 

smoother and more evenly distributed. Morphology Al-2TiB-Mg between the reinforcing particles and 

the matrix can be uniformly fused. 
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