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Abstract. Reccay. studies on Aluminum Matrix Composite (AMC) were growing rapidly. AMC 'orccd with SiC,
particles in the semi solid stir casting method was the mostulple way. In particular, the purpose of the present study
was fo investigate the effect composition of SiC,, and TiB to the mechanical properties of the composites Al78i-Mg-SiC,
and Al7Si-Mg-TiB-8iC,,. The composites used were Al7Si as the matrix and SiC, as the reinforcement (10, 15, 20 wt%o).
The casting method used on the study was the semi solid stir casle. The matrix was melted at the temperature of 800
“C. Then, the stirring process started at 590 °C with the speed of 500 rpm for 180 seconds. The composites was heated
again until the pouring temperature was at 750 “C. The results of the present study indicated to be successful in which
SiC,, particles dispersed uniformly in the matrix composites. Further, the hardness value and porosity of the composites
AlTSi-Mg-8iC,, and Al78i-Mg-TiB-8iC,, increased along with the addition of TiB. Besides, the hardness value increased
in the average of 10.5% at the vanation of 20% SiC,. Whereas, the porosity value increased in the average of 54.3% at
the variation of 20% SiC,,,

INTRODUCTION

Aluminum Matrix Composites (AMC) is a type of composite material metal which has a great potential to be
developed. In this case, aluminium plays a role as the matrix; whereas, SiC, powder as the reinforcement. It is
because of the combination of its good properties. AMC widely applied in the automotive industries, aerospace, and
defense. The Making of the AMC reinforced SiC, to combine the mechanical properties between matrix and
reinforcement [1]. Along with the addition of TiB element, it could increase the hardness value. Aluminium alloy
(e.g. A350) has some advantages in its properties such as light (density 2.7 g/em3) and corrosion-resistant. However,
for certain applications are required high-level of strength and hardness. Besides, aluminium has mechanical
properties that are less supportive, because it has low hardness, @ngth. and rigidity: ie hardness HB 60 [13]. The
specification of SiC; was it had the density of 3.2 g/em3. yields strength of 600 MPa, hardness of Knop 2480 (HB
2170), and the elastic modulus of 400 GPa |6].

In the previous study in which AlSi7Mg2 reinforced with SiCy, (5-15 wt%s), the results obtain@) were hardness 98
HB at 15% SiC, increased by 48%: and the tensile strength of 10% SiC,, was 280 MPa [4]. The Al6062 matrix with
the variations of SiCp, 10, 15, 20 wi%) obtained the highest hardness results in 20% SiC,, as much as 83 HRB
[10]. The A356 alloy and the Graphite reinforced with SiC, (0-9 wt%) attained a maximum increase of hardness
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results in 9% SiC,, as much as 144VPE [11]. The study ofngiC and AlITiB with variations of 0.2%, 0.5%, 1%
obtained the result that because of the addition of 1% TiB, the grain size got smaller [5]. The result obtained from
the Al7178 matrix with TiB variations of 1%, 2%. 3%. 4% was due tcgle addition of TiB between 1% to 4%. the
grain significantly decreased: that was 140 pm became 55 pum [8]. The AITiB master alloy with variations of 0.03%
to 0.15% with the smallest grain of 50 pm was achieved at 0.13% TiB [9]. The addition of TiB element is used as
the grain refinement. It was because that particular property could increase the hardness and the grain refinement.
By the existence of the element of TiB, the propagation of dislocation which may occur would be smaller. With the
addition of Mg element, it may increase the liquid wettability of the A359 matrix to particle SiC,. Nevertheless, the
addition of Mg element that exceeded 1% had the potential to increase the viscosity and reduce the spread of particle
SiC, [3]. The percentage addition of SiC, would improve the mechanical properties such as hardness and toughness.
The gas trapped during the mixing process would cause porosity which may trigger a reduction in force [7].

In the study, the stirring in the molten condition may cause the reinforcing particles, in this case, SiC,, float on
the surface of liquid matrix. Besides. the semi-solid condition could help U'ing the matrix and reinforcement.
However, it must be heated until the caslinﬁmperalure [2,12]. The purpose of the present study was to investigate
the effect composition of SiC, and TiB to the mechanical properties of the composites Al7Si-Mg-SiC,, and Al7Si-
Mg-TiB-SiC,,.

RESEARCH METHODS

The present study developed the hardness levels in aluminium alloy (Al-78i) reinforced with 8iC, by adding 1%
Mg to improve wettability. and 1.5% TiB as the grain refinement to obtain hardness values with variations of SiC,
(10, 15, 20 wt%o). The following was Table 1 showing the chemical composition of the material.

This process is first conducted to prepare the material to be melted is Al781 (ingot). Mg (ingot) and TiB. These
materials are a small cut in accordance with the mixing weight ratio. This was done to simplify the process of
mixing the composition settings. Each ingredient 1s weighed to obtain mass composition according to the variation.
Variations in every material weighing results are shown in Table 2.v

The first stage of the casting mass percentage SiCp (10, 15, 20 wt%) was Al7Si-1Mg. Then. the second stage of
the casting mass percentage SiCp (10, 15, 20 wt%) was Al7S8i1-1Mg-1.5TiB. Here was Fig. 1 which showed the

TABLE 1. Chemical composition of materials

electric furnaces stir casting.

Chemical composition (%)

Materials Al SISIC,  Fe Ti B Mg Mn  Other
Al7Si/A356 (ingot) 9239 726  0.147 - = 007 0008 0125
Mg (ingot) 0.022 0.013 0.003 - - 99.93 0.012 0.02
SiC, (powder) 003 986 0.1 ; - 0.03 - 1.24
TiB 93 0.16 0.16 500 098 - - 0.05

In the process of melt into the first electric furnace, Al7Si was heated to 800 oC to achieve the perfect liquid
state. Whereas, SiCp was heated beforehand at 400 oC in the oven. Then, the materials Mg-TiB+SiCp was added
into the electric furnace. After that, the temperature inside the electric furnace was lowered to 590 oC to attain the
semi-solid condition. Furthermore, thoroughly stirred by a mechanical stirrer. The stirrer rotational speed was at 500
rpm and the stirring time was 180 seconds long. Then, it must be heated again until the pouring temperature was at
750 oC. Besides, the metal mold was heated to 300 oC. The mold results were cooled at the room temperature. After
that, the specimen material was cut to fit the specimen. Here was Fig. 2 flow process stages semi-solid stir casting,
is shown in graph. Figure 3 showed an illustration of the casting results.
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TABLE 2. Vanations in the composition of foundry

Casipeation Al7Si Mg TiB Si(fp Total

(gram)  (gram)  (gram)  (gram)  (gram)

Al78i1-1Mg 990 10 - - 1000
Al781-1Mg-1.5T1B 975 10 15 - 1000
Al781-1Mg+ SiCp 10%% 890 10 - 100 1000
Al7S8i-1Mg+ 8iC,, 15% 840 10 - 150 1000
Al781-1Mg+ 8iC,, 20% 790 10 - 200 1000
Al781-1Mg-1.5TiB+ SiCr, 10% 875 10 15 100 1000
Al781-1Mg-1.5T1B+ SiCr, 15% 825 10 15 150 1000
Al781-1Mg-1.5TiB+ SiC, 20% 715 10 15 200 1000

DESCRIPTION FIGURE :

1. Base Stand

2. Electrical Box (Temperature Controller)
3. Hydrauiic Handie

s e M

5. Pulley Motor Electric

6. Pulley (Stirrer)

7. Stiner

8.

9. Furmace

10. Inventer

FIGURE 1. Electric furnaces stir casting
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FIGURE 2. Time vs temperature semi solid stir casting process
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FIGURE 3. Casting results

RESULTS AND DISCUSSIONS
Density and Porosity

The results of testing the density and the porosity calculations of the composites Al78i-Mg-8iC,, and Al7Si-Mg-

TiB-8iC, were shown in Table 3. The density and porosity graphs of casting results with the percentage of SiCp

were shown in Figure 4.
TABLE 3. Test results density and porosity calculations

Materials SiC, (Wt%)  Pocun (@/CM°)  Pucoreiic (@/em’)  Porosity (%)
0 2.64 2.67 1.12
10 2.66 272 2.20
Al78i-Mg+SiC, 15 2.67 2.74 2/55
20 2.68 277 3.24
0 2.64 2.66 0.75
Al781-Mg-TiB+81C, 10 2.65 2.69 1.48
15 2.64 2.74 3.64
20 2.68 2.77 324
2,69 - a -
2,68 - 35 A
" 2,67 1 H 34
o 2,66 :" z'i 1
é 2,65 - WAISI-Mg:SIC % 15 4 mAISi-Mg-SiC
g 2,64 - W AIS-Mg-TiB-SiC E 14  AISi-Mg-TiBSIC
2,63 - 05 -
2,62 . 0
0 10 15 20 0 10 15 20
SIC, SiC,
(a) (b)

FIGURE 4. Graph (a) density. (b) the level of porosity composite
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The graphs above showed that the density of the composite Al78i-Mg-8iC, experienced an average increase of
1.2%. Whereas, the composite Al78i-Mg-TiB-8iC,, underwent a decrease in the variation of 15% SiCy: then, an
increase of 1.4% on the variation of 20% SiC,. For the composite chiry Al781-Mg-8iC,,, it experienced an
average increase of 28%. Meanwhile. the composite Al78i-Mg-TiB-SiC,, went through an increase iahc variation
of 15% SiC,, and then, underwent a decrease of 10.9% in the variation of 20% Sg3; During the process of stir
casting, porosity might potentially occur. In particular, porosity ocagd due to a chemical reaction between the
matrix and reinforcing particles. In this case, it caused the gas trapped during the mixing process. Consequently, the
more the number of SiC,, was. the more the gas reaction would be: thus, porosity might increase.

Hardness Test
The hardness test of Rockwell B (HRB) which was based on the standard ASTM E18-11 may produce the data

of hardness material shown in Table 4 as follows. The relationship graph between the harness of casting results and
the SiCp percentage was shown in Figure 5.

TABLE 4. Hardness rockwell B test (HRB)

Materials SicC, (wt%) Hardness (HRB)
0 56
10 734
Al78i-Mg+8iC, 15 82.2
20 883
0 68.2
Al781-Mg-TiB+8i1C,, 10 79.6
15 873
20 97.6
120 4
fm: 100 -
T 80 -
é 60 - ——5i-Mg5
E 0 4 AlSiMgeT
20 -
0 T T T |
0 QiC 15 20

FIGURE 5. The graph composite hardness test

The graph above indicated that the composite hardness may increase along with the increasing percentage of
SiC, addition. In this case, the highest level of hardness could reach 97.6 HRB at Al7Si-Mg-TiB-SiC, with the
variation of 20% and the average value of 21.8%. In the composite Al78i-Mg-SiC,,. the hardness could reach 88.3
HRB at the variation of 20% and the average value of 33.7%. Therefore, along with the addition of TiB element, it
could increase the hardness value which may reach 10.5% because TiB elements act as grain refinement structure.
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Micro Structure

The structure micro testing by using Olympus, an optical microscope with a magnification Al7S1-Mg of 100X,
produced photos structure micro of Al7Si-Mg- SiC, and Al78i-Mg-TiB-8iC, in Figure 6 and 7. Figure 6 The
composite Al7Si-Mg-SiCp looked gray with irregular round beads; that was Si. Besides, Mg was seen around the
SiCp particles, and it served to improve the wettability matrix to SiCp. Whereas, a part of matrix that was black
were increasingly fine grain boundaries. Then, Fig. 7 indicated that the composite Al78i-Mg-TiB-SiCp with black
color was on the fine grain boundaries. It shows that TiB produce grains on that composite. The more SiCp

dispersed. the harder it may become.

020011-6




(d)
FIGURE 7. Micro composite AlSi-Mg-TiB-SiC, (a) 0% SiC, (b) 10% SiC, (c) 15% SiC, (d) 20% SiC,
The Results of the Morphology Test

The morphology image with the magnification of 10.000X and 200X produced the micro-photos of Al7Si-Mg-
SiC, and AlSi-Mg-TiB-8iC, in Fig. 8 and 9.

(b)
FIGURE 8. The morphology of composites (a) AlSi-Mg-8iC,, 20% SiC,, (b) AlSi-Mg-TiB-8iC, 20% SiC,

() ' b)

FIGURE 9. SEM of composite (a) AlSi-Mg-8iC, 20% SiC, (b) AlSi-Mg-TiB-8iC 20% SiC,
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Figure 8 and 9 the morphology of the composites AlSi-Mg-8iC, and AlSi-Mg-TiB-SiC,, between reinforcing
particles and matrix could be fused. In the composite AlSi-Mg-SiC, there were SiC,, particles surrounding the Al7Si
matrix that was mutually binding. Whereas, the composite AlSi-Mg-TiB-81C,, was seen between SiC, and matrix
Al78i in which they could mix well. Then, with the addition of TiB, it may cause changes in the particle shape to
become smoother and spread evenly.

CONCLUSION

The results obtained in this study to test density and porosity, hardness, as well as the microstructure came to
several conclusions. The hardness with the matrix of the aluminium composite would increase along with the
increasing levels of SiC,. With the addition of 1% Mg and 1.5% TiB, the aluminium matrix may be capable of
improving the wettability of SiC; particles. as well as making the grain become smooth along with the increase
concomitant of TiB and an increase in hardness. The value of hardness was increased in average 10.5% at variation
of 20% SiC,. The value of porosity was increased in average 54.3% at variation of 20% SiC,. The homogeneous
dispersion of SiC, particles in an aluminium matrix could be achieved by a semi solid casting technique. in this case,
stir casting. Subsequent research, need to add more than 1% Mg, because in this study Mg 1% effective up to 20%
SiC,,. The addition of the element TiB3 more than 1.5% can improve the structure of grain.

REFERENCES

Sahin, and 8. Murphy, 8. Mater. Sci. 34, 5399-5407 (1996).
J. Hashim, L. Looney dan M. S. J. Hashmi, J. Mater. Process. Tech. 92-93, (1999).
J. Hashim, L. Looney, M. 8. I. Hashmi, J. Mater. Process. Tech. 119, 329-335 (2001).
T. Ozben, E. Kilickap, O. Cakir, J. Mater. Process. Tech. 1.98, 220-225¢(2008).
G. Lin, Z. Hongwei, Li. Hoaze, G. Lina, Trans Nonferrous et. Soc. 20, 1851-1885 (2010).
P. Sharma, G. Chauhan. N. Sharma, Int. J. Contemp. Pract. 2, 23-26 (2011).
D. A. Saheb, J. Eng. Appl. Sci. 6, 41-46 (2011).
a P. Mondal. J. Nidhi. S. Badhul. Adv. Mater. Processes. Res. Instituted. India, 10011011 (2011).
X.J. Wang, K. B. Nie, X. I. Sa, X .S. Hu, K. Wu, M. Y. Zheng. Mater. Sci. Eng. A 534, 60-67 (2012).
K. L. Meena, A. Manna, S. §. Banwait, Jaswanti. American J, Mech. E. 1, 14-19 (2013).
B. M. Viswanatha, P. M. Kumar, S. Basavarajappa, T. 8. Kiran, J. E. Sci. Tech. 8, 754-763 (2013).
N. Zehraa, A. Ameer, e\]-Nahrain University 16,119-123 (2013).
ASM Handbook Vol 2. “Properties and Selection Nonferrous Alloy and Special-Purpose Materials™. ASM
cmationa] (1990).
14. Zhu, Z. Y. Jian, G. C. Yang, Y. H. Zhou, Mater. Des. 36, 243-9 (2012).
15. ‘. Han, K. Li, J. Wang, D. Shu, B. D. Sun, Mater. Sci. Eng. A 405, 30612 (2005).
16. P.T.Li, X. G.Ma, Y. G. Li, ]. F. Nie, X. F. Liu, J. Alloys. Compd. 503, 286-90 (2010).
17. K. Abedi, M. Emamy. Mater. Sci. Eng. A. 527, 3733-3740 (2010).
18. Y. Du, P. Zhang. J. Zhang, 8. Yao, J. Mater. Sci. Tech 28, 951-955 (2012).
19. S, Nagarajan, B. Dutta, M. K. Surappa, Compos. Sci. Tech. 59, 897-902 (1999)
20. D.S.B. Heidary, I. Akhlaghi, Acta. Mater . 59, 4556-4568 (2011).

o 00 N o h B ) I g

____
W= o

020011-8




Effect composition of SiCp and TiB to the mechanical

properties of composite Al7Si- Mg-SiCp by the method of semi
solid stir casting

ORIGINALITY REPORT

19. 11. 10, 9.

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

math.depaul.edu

Internet Source

6%

2

E | Bhiftime, N F D S Gueterres. " Investigation
on the Mechanical Properties of A356 Alloy
Reinforced AITiB/SiC Composite by Semi-Solid
Stir Casting Method ", IOP Conference Series:
Materials Science and Engineering, 2017

Publication

Sy

intra.lipi.go.id

Internet Source

2

Zhang, Hua-Rui, Zhen-Bang Liu, Zi-Zhuo Li,
Guo-Wei Li, and Hu Zhang. "Cooling Rate
Sensitivity of RE-Containing Grain Refiner and
Its Impact on the Microstructure and
Mechanical Properties of A356 Alloy", Acta
Metallurgica Sinica (English Letters), 2016.

Publication

1o

Ilgor Zhirkov, Andrejs Petruhins, Lars-Ake



Naslund, Szilard Kolozsvari, Peter Polcik,
Johanna Rosen. " Vacuum arc plasma
generation and thin film deposition from a TiB
cathode ", Applied Physics Letters, 2015

Publication

1o

Submitted to M S Ramaiah University of
Applied Sciences

Student Paper

1o

B B

www.osti.gov

Internet Source

1o

WWW.jim.or.jp

Internet Source

1o

Deng, Kun-kun, Xiao-jun Wang, Cui-ju Wang,
Ju-yan Shi, Xiao-shi Hu, and Kun Wu. "Effects
of bimodal size SiC particles on the
microstructure evolution and fracture
mechanism of AZ91 matrix at room
temperature”, Materials Science and
Engineering A, 2012.

Publication

1o

An, Xu-Guang, Ying Liu, Jin-Wen Ye, Lin-Zhi
Wang, and Peng-Yue Wang. "Grain Refining
Efficiency of SHS Al-Ti—B—C Master Alloy for
Pure Aluminum and Its Effect on Mechanical
Properties", Acta Metallurgica Sinica (English
Letters), 2016.

Publication

1o




11 Li, Bao, Zhi Feng Zhang, Zhi Gang Wang, Jun 1 y
(0]

Xu, and Qiang Zhu. "Effect of Heat Treatment
on Microstructure and Mechanical Properties of
A390 Alloy", Advanced Materials Research,
2013.

Publication

Exclude quotes Off Exclude matches <1%

Exclude bibliography Off



	Effect composition of SiCp and TiB to the mechanical properties of composite Al7Si- Mg-SiCp by the method of semi solid stir casting
	by Sulardjaka Sulardjaka

	Effect composition of SiCp and TiB to the mechanical properties of composite Al7Si- Mg-SiCp by the method of semi solid stir casting
	ORIGINALITY REPORT
	PRIMARY SOURCES


