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Abstract. The addition of silicon carbide (SiC) as a reinforce in a
composite can improve mechanical properties. In this study
aluminium ADC 12 (Al-Si-Aluminium Alloy) is treated with an
addition of SiC varied from (1; 1.5; 2; 2.5 to 3) vf% and mixed
with 0.18 wt% Sr to change the morphology of the silicone
eutectic phase and 0.15 wt% titanium boron (TiB) was added as a
grain refiner as well as the addition of 5 wt% magnesium (Mg) to
increase the wettability. All materials were fabricated by stir cast
method. This research is conducted to obtain the candidate
material for application in train's brake shoe and bearing. This
kind of usage requires high mechanical properties such as wear
resistance, thermal resistance, good elastic modulus and
lightweight. The composites were characterised by both
mechanical properties and microstructure. The result shows that
there is an increase in the mechanical properties of aluminium
ADC 12 /SiC composite compared to unreinforced with the value
of 144 MPa of strength, 53 HRB of hardness, and 0.0049 mm?® m™!
of wear rate. As a result, the higher addition of the SiC results in
the better mechanical properties for the composite.

Keywords: ADC12, composite aluminium, grain refiner TiB, micro-SiC,
modifying agent Sr

1 Introduction

The composites are different from the metal alloys, wherein the compound of the materials
used has different chemical, physical, and mechanical properties. The main components of
the composite are the matrix and reinforce [1]. Composite has been used to manufacture
industry, especially for the automotive industry. ADC 12 is used as a composite matrix
which is an aluminum alloy with a composition of Silicon < 12 %, ADC 12 have a
relatively lightweight, corrosion resistance, high thermal conductivity, and ductile [2]. The
fabrication of this Aluminum composite consists of SiC particles as a reinforcement, TiB as
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a grain refiner, and Sr modifier, manufactured by stir casting method. This research is
conducted obtain homogeneous particle distribution, and the escalation of various
mechanical properties, so that it exceeds the aluminium ADC 12 tensile strength, 98.36
MPa and hardness value 35.03 HRB [3].

Silicon carbide used as a reinforce in the ADC 12 matrix because silicon carbide has a
high strength, high stiffness modulus, and resistance to high temperature [4]. Size particle
of SiC can improve the mechanical properties of bending strength on aluminium
composites. In this study using microparticles of (107®) so that SiC is more easily dispersed
and improves the mechanical properties [5]. The addition of strontium must be at the
optimum composition because if the levels of strontium added to exceed the optimal level,
it will tend to occur porosity and the formation of intermetallic compounds in the
composite matrix and will reduce the resulting mechanical properties [6]. The addition of
Sr can change the Al dendritic into equiaxed and reduced secondary dendrite arm spacing
(SDAS) in primary Al, and the Al-Si eutectic phase becomes more fibrous [7]. The
influence of the addition of TiB is that can reduce the porosity because it minimises the
occurrence of hot tearing resulting in uniform structure [8]. Based on the research with the
addition of 0.015 % Sr to Al-11.6 % Si resulted in the morphology of a-Al phase changed
to be more columnar, and with the increased Sr dendrite arm spacing is decreased [9]. The
wettability between the matrix and reinforce affect the quality of the composite. An
addition Magnesium into the composite as a wetting agent to increase the wettability at a
temperature range of 750 °C to 1 100 °C and reduced contact angle by eliminating the
oxide-forming reaction occurring at high temperatures, so that the wettability of the
reinforcing particles can be increased [10]. The above explanation shows that the study of
aluminium composite ADC 12 with SiC particle with TiB as a grain refiner and Sr as a
modifier manufactured by stir casting method can increase the mechanical properties, such
as high wear resistance, hardness and toughness, resistant to high temperature and low
density.

2 Experiments

2.1 Material analysis of ADC 12/SiC compound

Aluminium ADC 12 ingot 568 g was melted in the tilting furnace at temperature 800 °C. In
addition of the variation of SiC particle (1; 1.5; 2; 2.5; 3) vi% were heated at 900 °C for
1 h. After ADC 12 was melted, a degassing process is performed in a circular motion using
Argon (Ar) gas for 2 min to reduce hydrogen solubility (H,) and proceed with the removal
of slag formed on the surface of the molten metal. 5 wt% of Mg, 0.03 wt% of Al-Sr and
0.15 wt% of Al-5Ti-B were added into the crucible followed by stirring for 5 min.
Afterwards, the reinforce was poured into melted alloy then stirred with a speed of 519 rpm
and degassing process with argon. The metal mold was inserted into the furnace for
2 min at a temperature of 300 °C to avoid any thermal shock. While the casting die was
heated, the molten aluminium stirred for 2 min. Then tilt the molten composite into a metal
casting die and cooled at room temperature.

2.2 Characterization

For the microstructural observation all specimen characterised by Optical Microscope
(OM), for the preparation, the sample were grinded, then plosihed by TiO,, and followed by
etchic using 0.5 % Hydrofluoric Acid for 10 s. The chemical composition was observed
using Optical emmission Specstroscopy (OES) test, the highest Ultimate tensile strength



E3S Web of Conferences 130, 01004 (2019) https://doi.org/10.1051/e3sconf/201913001004
IC-AMME 2018

(UTS) specimen was tested by X-Ray Diffraction (XRD) to know the phase present in the
composite material.

All samples were consist of tensile tested based on ASTM ES8, then hardness test with
Rockwell B according to ASTM E18, also followed by wear testing with Ogoshi based on
ASTM G99, and the density invesigation using Archimedes method.

3 Results and discussion

3.1 Material and microstructures

In Figure 1(a) is a microstructure of the matrix used in the composite of Base Aluminum
ADC 12. The phase contained in the ADC 12 matrix material is composed of a-Al which is
the main phase in the alloy, grey acicular eutectic, Al,Cu phase, and B phase (AlsFeSi) in
the form of needle like. In Figure 1(b), 1(c), 1(d), 1(e) and 1(f) are composites with matrix
ADCI12 were added by Sr, TiB, Mg and variaty of SiC particles. When seen in Figure 3, the
phases formed in the ADC 12/SiC composite with the addition of Sr and TiB are a-Al
phase, the blocky Mg,Si primary phase, Mg,Si binary eutectic in the form of chinese script,
B phase (AlFeSi) in needle like shape, Al,Cu phase which is gray and acicular.
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Fig. Obsérvatin bysing Optical MICI‘OSCOPC,» Microstructure (a)Base Material ADC12 with
200X magnification, Material with SiC Variation with magnification 500 (b) 1 vf.% (C) 1.5 vf.%
(D) 2 vt% (E) 2.5 vf.% (f) 3 vf.% and the addition of Sr and TiB

In Figure 2 shows the value of Secondary Dendrite Arm Spacing (SDAS) which
decreases on the variation of SiC addition from (1; 1.5; 2; 2.5; 3) vf% with SDAS length
was 24.38 pum; 21.85 pm; 20.78 pm; 18.11 pm; 18.02 pm respectively. This is also proven
that the addition of wt% SiC of 5 to 15 wt% the value of SDAS is reduced but not very
significant [11]. In addition of 0.15 wt% TiB and 0.03 wt% Sr on the composite ADC
12/SiC also affects the decreases of SDAS, with an addition of the wt% TiB will bw
decrease grain size significantly on the A356/SiC [12]. And also the addition of strontium
affects the growth of dendritic columnar in Al-Si alloys. As the growth of strontium, grain
morphology becomes more columnar [11].
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Fig. 2. The effect of addition SiC to Secondary Dendrite Arm Spacing (SDAS).

Table 1. The chemical composition of composites.

The Composition (wt%)

Element SiC SiC SiC SiC SiC
ADC 12 1%vf 1.5%vf 2%vf 2.5%vf 3%vf

Al 84.8 63.4 66.7 69.1 67 71.9
Si 10.5 11.03 11.14 11.13 11.59 12.61

Fe 0.864 1.13 1.05 1.02 1.92 1.55

Cu 2.33 3.22 3.82 3.00 2.94 2.92

Mg 0.221 5.35 6.04 5.96 4.31 5.19
Cr 0.038 9 0.039 5 0.16 0.043 0.112 0.042
Ni 0.0759 0.0519 0.142 0.055 0.046 0.060
Ti 0.046 2 0.065 0.075 0.082 0.08 0.084
Sr <0.0001 0.003 7 0.003 9 0.004 0 0.003 9 0.003 9

As seen in Table 1. from OES test there is an increase in the amount of Si content in the
addition of SiC (1; 1.5; 2; 2.5; 3) vi% these match with the mass balance. The suitability
between the mass balance and the composite ADC 12, where the Si in base ADC 12 is
10.5 wt% and increased in the composite ADC 12 into 12.61 wt% due to the addition of
SiC to the composite ADC 12.
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Fig 3. Intermetallic phase with Optical Microscope (OM) with Magnification 800 x.
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Micrographs of composites ADC 12 are shown in Figure 3 shows indicate intermetallic
phases. From Figure 3 the arrows show the different phases present in the microstructure.
a-Al phase has the lightest colour, the slightly grey colour known as AlCu, also Mg>Si
eutectic phase known as chinese script whreas the blocky phase that was Mg,Si Primary,
and BAlsFeSi has a needle like forms were also present in the microstructure. The phases
were predicted by creating solidification path on ternary phase diagram [13]. The pB-
AlS5FeSi phase is easily formed in the normal melting and casting conditions, and the -
AlSFeSi phase can also trigger shrinkage voids in order to decrease the mechanical
properties of a material [14]. The reaction forms B-Al5FeSi:

L + B(AIFeSi) > FeSiAls. 1)

This reaction occurs at temperature 595 °C [13]. Mg»Si is a stable intermetallic phase in
Mg-Si binary. The phase has a high melting temperature, low density, high hardness, low
thermal expansion coefficient and high elastic modulus [15]. The reaction forms Mg,Si:

L-> Al + Si + Mg.Si (2

Al>Cu phase is formed during solidification on the composite [13]. The Al,Cu phase is
an intermetallic phase which has a porous morphology, and the Al,Cu phase is an
intermetallic phase that affects decreased the mechanical properties of composite materials
[16]. The reaction forms Al.Cu [13]:

L-> Al +Si + Al,Cu 3)

XRD also confirmed the existence of Mg.Si and Al,Cu compounds on Figure 4. The
Spinel (MgAI;O4) and MgO phases were seen in the XRD test. The presence of the MgO
compound can increase the bond between the matrix with SiC particles, thereby increasing
the mechanical properties [17].
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Fig 4. XRD pattern of ADC12 reinforced with 3 vf% SiC with addition of Sr modifier and grain
refiner TiB.



E3S Web of Conferences 130, 01004 (2019) https://doi.org/10.1051/e3sconf/201913001004
IC-AMME 2018

3.1 Mechanical properties ADC12/ SiC composite

3.1.1 Density and porosity

Based on Figure 5. There is the difference between the theoretical density value and the
actual density value of the composite material see in Figure 5, this is due to the formation
of porosity due to the presence of H, gas during the casting process, at a temperature of
over 600 °C will increase the solubility of H, gas and into the metal, this causes the
difference in density value [18].

Figure 5 shows that there is an increase in the porosity value of the composition of the
addition of v{% SiC The decrease of the porosity value in the fourth composition is 2.5 vf%
the porosity value is fluctuated due to grain refiner TiB. Grain refiner TiB was effectively
nucleating, whereas in the 2nd composition there may be clustering of TiB; particles and
the gas entrapped in the molten composites so that can affect porosity nucleation [19].
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Fig 5. Effect of Adding SiC to Composite Density (left) and Porosity (right) of ADC 12 / SiC with
the addition of Sr modifier and grain refiner TiB.

3.1.2 Tensile and elongation

Figure 6 show the elongation values in ADC12 materials of 3 %, and ADC 12 composites
with SiC 1 variations; (1.5; 2; 2.5; 3) % vf has the value of elongation was 6.67 %, 3.02 %,
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2.89 %, 1.83 %, and 3.44 % respectively, from result the tendency of elongation value on
composite ADC12 decreased. Based on the literature, in general, the increase of SiC% vf
will lead to a significant decrease in elongation [20]. This theory is supported with
increased SiC particles, can increase tensile strength, but decrease the value of plastic
deformation, this is due to the decrease of dislocation slip distance with increasing vf% SiC
particles and the presence of SiC can form -Al5FeSi phase which can be a crack initiation
[21].

Figure 6 shows the tensile strength on composites with SiC variations of (1; 1.5; 2; 2.5;
3) % vf are respectively; (132, 118; 133; 138; 144) MPa. The value of composite tensile
strength tends to increase, this is proved by the addition of SiC will increase the tensile
strength of a material, this becase of the mechanism of load transfer effect, Hall-Petch
Strengthening and Orowan Strengthening [22]. Orowan Strengthening Mechanism, SiC
particles will block the movement of dislocations around the particles within the matrix
[23].
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Fig 6. Effect of Adding SiC to Composite Tensile Strength (left) and Elongation (right) of ADC
12/SiC with the addition of Sr modifier and grain refiner TiB.

3.1.3 Hardness and wear rate

Figure 7 shows The hardness value of ADC 12 material is 35.03 HRB, whereas in g ADC
12/SiC composite material with the addition of Sr and TiB obtained the optimum hardness
at 3 vf% SiC composition of 53.4 HRB. This is in line with the theory, whereas with
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increasing vf% SiC can increase the hardness value because, with the increasing number of
reinforcing particles, the possibility of clustering and distribution of particles in
heterogeneous matrices can increase the hardness value of the material [3]. In addition to
increasing the SiC% vf, modifying the aluminium matrix grain size can also increase the
hardness of the material, such as by adding the Ti element as a grain refiner and shrinking
the grain size, so that grain boundaries are formed increasing and can inhibit dislocation
movements [19].
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Fig 7. Effect of Adding SiC to Composite Hardness (left) and Wear Rate (right) of ADC 12 / SiC
with the addition of Sr modifier and grain refiner TiB.

Hardness (HRB)
w
o
|

0.008 —

0.007

0.006 —

0.005 —

0.004 —

o
o
=]
w
]

Wear Rate (mm?/m)

0.002 —

0.001

ADC 12

Figure 7 can be seen, that the value of the wear rate tends to decrease. The lowest wear
rate is on the composite ADC 12/SiC with composition fifth with SiC 3 v{% which is 0.004
9 mm?® m™!, which has a lower wear rate than the composite base rate of ADC 12 composite
material. This is due to the addition of SiC increases hardness in composite materials. The
graph of wear rate is following the previous author revealed that increasing the hardness
value will decrease the wear rate [24].

4 Conclusion

The results show that there is an increase in the mechanical properties of aluminium ADC
12 /SiC composite compared to unreinforced with the value of 144 MPa of strength and 53
HRB of hardness. As a result, the higher addition of the SiC results in the better mechanical
properties for the composite. The addition of SiC particles can improve the mechanical
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properties of composite materials by the mechanism of load transfer effect, hall-petch
strengthening and orowan strenthening. With the addition of%, SiC vf % decreased the
SDAS value. The addition of the TiB as grain refiner produces the AlsTi phase which will
perform the o-Aluminum nucleation of the composite material and leads the uniform
distribution of SiC particles. Phases formed on ADC 12 / SiC composites with the addition
of Sr and Grain Refiner TiB that were a-Al, Mg,Si primer, Mg,Si binary eutectic, B
(AlFeSi) and Al,Cu, which are known from the XRD resluts.
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