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Abstract, Al LMG hollow cylinder i fabricated using horizontal centrifugal casting which produce a very fine
grain on the outer surface of the structure. In this study, the effect of motor speed and pouning temperature on
the micrestructure of Al LMS hollow cylinder = determuned. The speed of the motor used duning casting are
1300rpm, 1500rpm and 1700rpm and the pourng temperature are 690°C, 710°C and 725°C. The Al LM6
hollow eyhnder 15 produced by pouning the molten Al LMG into a cylindneal casting mold which 1s connected
with a shaft and it 15 rotated by motor until it is solidified Then, the cross-section is observed using OM and
SEM/EDS. From the microstructure observation, the distributions of S1 are more concentrated at the inner parts
and the size of 51 &= bigger at the mner parts. The result shows that the 51 particles at the inner part which 1s
fabricated a1 the highest motor speed (1 700rpm) have the most St particles compared with the 5i pasticles thay
are easted with other motor speeds

1 Introduction

Aluminium 15 the most abundant metal on the earth and compnsing one-twelfth of the earth crust. Aluminium has the
weight of one-third of the steel weight and therefore it can be made thicker and stronger while the weight is reduced in all
applications. The versatility of aluminium makes it to be used widely as it has a favourable strength property. Aluminium
da 1 rust and it can be combined with other metal to form an aluminium alloys because there 15 a transparent layer of
nlun‘um oxide present on its surface when it exposed to the atmosphere [1].

1 LMG 15 an engineermgraterat_alummium alloy that normally used in the industry such as aerospace, automotive,
mructi.un and many more because it has high endurance, high impact sirength, light-weight and exhibits outstanding
resistance to corrosion under both ordinary atmosphene and marme conditions. This alumenium allovs are rather dufficult to
machine becau ¢ hardness is increased with the Silicon (31) content in the alloy but the ductility 15 reduced. With Si
content in the m it improves its flusdity which is good to produce any product according to the desired shape, This
aluminium alloy can be cast into thinner mold and more intricate paris than any of the other types of casting alloys [2].

Centnfugal castings process noj ing used to produce pipes, cvlinder hners, piston rings, rollers, pulleys and
others. Centrifugal casting process h bility because it reduces the shrinkage and gas porosity in the structure
[3]. One of the methods of producing funchio raded materials (FGMs) 15 by using centrifugal castiing. The presence of

FGMs in the alloy is due to the difference in density of different phases such as Al and 51 particles [4]. Table 1 shows the
comparison of density for Al and S1.

Table 1. Density of Al and 51[2]

Material | Al | Si

Density (g/em’) | 270 | 234
Radhika and Raghu [5] investigate the microstructure at the outer of the FGM CUWUS“&F’B.;C. AlSIC, AVALD,
and AUTIB;, with remnfercement which are pro by using centrifugal casting. The ingot of Al-1281—Cu alloy 15 cut into
small preces and then melted in the furnace in %ga& atmosphere to reduce the defect in the cast. The reinforcement is
preheated at 300°C and then added to the molten imum alloy. The mixing is stirred at 200rpm to produce vortex. Then,
the muxing 15 poured into die that 15 preheated at 350°C of the centrifugal casting setup and it 15 rotated with a motor speed
of 1300 rpm. The process continwes until it solidified and the cast part 15 removed. The hollow cylinder produced has the




dimension of 150mm outer diameter and length 1 50mm with 18 mm of thickness. The result of microstructure study shows
that the reinforcement present at the outer surface and the hardness test using Vicker's h ess test shows that the outer
region have higher hardness than in the middle and mner region except for B,C lha.lulws wvartation of hardness n
different region. The abrazive wear test shows that the FGM with reinforcement Til; have high wear resistance while FGM
with reinforcement ByC have less wear resistance. Therefore, the FGM composile have better mechamical and wear
properties by using centrifugal casting.

Tamian et al [6] has inwvestigates the distnbution of functionally graded natural fiberfepoxy (FGNF/epoxy) hollow
cvlinder that are fabricated using centrifugal casting method. Banana trunk 15 used as its natural fiber. The difference of
density between natural fiber and the epoxy causes natural fiber particle to move at the outer radius of the hollow cylinder
dunng casting. An epoxy cyvlinder without fiber will be used as the reference. For cenirifugal casting process, three different
rotating speed will be used which are 1145rpm, 1187rpm and 1240rpm. Based on the testing result, the natural fiber is
graded from mner to outer surface of the FGNF/epoxy cvlinders that 15 produced by using centrifugal casiing method. The
rotation of the motor and the natwral fiber composition afTected the graded distribution in the FGNF/epoxy cylinders. It is
also found that the outer surface has a higher value of hardness, density and strength along the cylinder and reduced
gradually towards the inner surface. This is because th osition of natural fiber at the outer surface iz higher than at the
inner surface. In conclusion, centrifugal casting meth effective in producing a better mechamical strength.

Jamian et al [7] has investigates the distribution of 81 pariicles of Al LM hollow eylinder which is produced by using
centrifugal casting method. In the process, the Al LM6 ingot will be melted before pouring it mto the rotating mold. The
speed of rotation of the mold is 1700rpm (100G) and the po emperatures of the Al LM6 are 690°C, 710°C and 725°C.
Based on the microstructure result using OM, it shows th particle content are the same at all parts in the sample.
However, the particle size at the inner surface is bigger than i the middle and at the outer surface of the sample because of
the difference in density between Si and Al and the expansion of Si particles during the cooling process of the sample. The
size of 81 particles is different for all the three samples casted with different melt temperature. It 15 found that the melt
temperature, the densaty and the cooling rate afTect the size and distribution of Si particles.

Based on the previous research [5-T]. it shows that centrifugal casting process is the most efficient process o produce a
better mechamical and wear properbies. Centnfugal casbing also helps m eliminate the gas rosity present dunng
solidification process which will give the material better mechanical properties. Besides that, g lemperature also
affect the properties of the material. In this study, the distribution of 51 particles inside the Al LM6 hollow cylinder
fabricated using centrifugal casting is observed. The effect of mold rotating speed on the Si particles distribution is
investigated.

2 Methodology

In this research, nine Al LM6 hollow cylinders are fabricated using centrifugal casting method, The main casting parameters
considered are pouring temperature and mold rotating speed. The casting condition for the each casting is shown in Table 2.
The volume of the hollow cylinder fabricated is 3.5x10°% m'. The process starts by cutting the Al LMG6 ingot inte small
pieces with the mass 160g. Then, it Zgput inside the crucibles and melted using induction fumace. After that, the molten Al
LMG 15 poured inside the rotating with the desired motor speed. The process 1s lefl for 2 hours to let the molten Al
LM6 solidified. Next, the solidified ATLMS is removed from the mold and lefi for 5 hours 1o let it cool down. The sample is
eut to be gninded, pohshed and etched before observed by using OM and SEM/EDS to study its microstructure. The etching
method used is wet chemical etching and the solution mixture used is NaOH 5% + H.O 95%.

Table 2. Parameter of centrifugal casting of Al LM6 Hollow Cylinder

Specimen Parameter
Mold Rotating Speed Pouring Temperature
(rpm) FC)
| 1300 GO
2 {(37G) 710
3 725
] 1500 690
3 {75G) 710
6 T
7 1700 G
8 (100G) 710
9 T




3 Results and Bjscussion

Figure 1 shows the Al LMG6 hollow cylinder that is fabricated using centnfugal casting method.  As can be observed in
Figure 1{a). there are scars on the owter surface due to the vibration of the centrifugal casting machine dunng solidification
process. Figure 1(b), there are layers of Al present because of the high rotational speed i the mold. The inner surface of the
sample 15 defected due to the hot tear during shrinkage process as shown in Figure 1(c).

Figure |- The physical surface from three surface views (a) outer (b) front (¢ ) inner.

Microstructure study 15 carried out to observe the distribution of 5i and Al inside the sample with different parameter used.
The distnbubions are observed at the outer, middle and inner parts of the sample. Figure 2 shows the microstructure of the
as-received Al LM6. The 51 particles are in the needle shape with the average length of 50pum and disinibuted
homogenously. Meanwhile, Figures 3 to 11 show the microstructure of the sample fabricated under different casting
condition at 1 300rpm motor speed. Figures 7 to 9 shows the sample fabricated at 1500rpm motor speed and Figures 1010 12
shows the sample fabricated at 1700rpm speed,

1
Figure 2- Microstructure of Al-LMS before casting (a) outer; (b} nuddle; (¢} inner

Figure 3- Microstructures of Al-LMS eylinder with motor speed 1300rpm and melting tempesature of 690 °C.
{a) outer, (b) middle; {c) mner




Figure 4: Microstructures of Al-LM6 cylinder with motor speed 1300rpm and melting temperature of 710 °C,
{a) outer, (b) middle; (c) mner

Figure 5 Microstructures of Al-LM6 eylinder with motor speed 1300rpm and melting temperature of 725 “C,
{a) outer; (b) middle, (c) mner

Figure 6 Microstruciures of Al-LMS6 eylinder with motor speed | 500rpm and melting temperature of 6590 “C,
{a) outer, (b) mddle: {c ) inner

Figure 7- Microstructures of Al-LM6 cylinder with motor speed | 300rpm and melting temperature of 710 *C.
(a) outer; (b) middle; {e) mner




Figure 8: Microstructures of Al-LM6 cylinder with motor speed 1500rpm and melting temperature of 725 “C,
{a) outer, (b) middle; (c) mner

Figure 9 Microstructures of Al-LMS6 cylinder with motor speed 1700rpm and melting temperature of 690 °C. (a) outer; (b) middle; (c)
inner

Figure |0 Microstructures of ALLMG cylinder with motor speed 1 7Hrpm and melting temperature of 710 °C. (a) outer, (b} middle; (¢}
nner

Figure 11 Microstructures of ALLMG cylinder with maotor speed 1 70Hrpm and melting temperature of 725 °C. (a) outer. (b} middle; (¢}
inner

It can be seen in the Figures 3 to 11 that the 51 particles are more concentrated at the inner surface while the Al particles are
more concentrated on the outer surface. This 15 becavuse 51 has lower density compared to Al which makes the 51 to move




inward. Besides that, the size of 5i in the inner are bigger than the outer surface due to the difference in cooling rate where
the cooling rate at the inner surface is much slower than the outer which gives ot moere time to combine and form a larger
size of 51 The Si particles are free 1o move and distributed unevenly at the sample due to its properties of high viscosity and
melting temperature [8]. Moreover, the porosity present at the inner surface is because the gas bubbles are trapped during
casting process because it has low density [9]. Comparing the distribution of Si particles at the inner surface for the sample
fabricated at 1300 rpm (Figure 3{a)), 1500 rpm (Figure 6{a)) and 1700 rpm (Figure %a)) with 620°C pounng temperature,
clearly observed that the concentration of 51 particles increase as the mold rotating speed increase.

The percentage of Si accumulation can be determined by using Energy Dispersive Spectroscopy (EDS). Figures 12 - 14
shows the image taken from EDS for sample 3 and Table 3 shows the weight and atomic percentage for both Al and 51
content in the sample. EDS 13 used to analyse the composition of 51 and Al in the sample. From the EDS result, the weight
percentage of 51 is the highest at the inner part which 1s 20.47% and it decreases at the maddle which is 16.56%. At the outer
parts, the weight percentage of 81 is the lowest which 1s 16.51%. The atomic percentage for 51 in the inner part is 19 83%, at
the middle part 1s 16.01% and at the outer part 15 15.96%. Based on the microstructure observation, the size of 3i is bigger at
the inner part than the size of 51 at the outer part. Therefore, the data shows that the 51 particles are more concentrated at the
inner part of the sample. Other elements are also presented during the EDS analysis however the value are less than 1%
which is too small compared with the 51 and Al content [10].
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Table 3. Weight and atomic percentage value for sample 8 at three different parts.

Part Element Weight %o Atomic %o

AlK §3.49 8404

Outer S K 16.51 1596
Tolals 100.00 100.00
AlK 8344 8300

Middle S1E 16.56 16.01
Totals 100.00 100.00
AlK T9.53 807

ki SiK 2047 19 83
Taotals 100.00 100.00

Conclusion
In conclusion, this st ave achieve ils objectives to study the effect of pouring temperature and speed of molor rolation
to produce an Al LM6 hollow cylinder by using horizontal centrifugal casting method

From the microstructure study, il shows that the Si1 particles are distributed at the whole part of the sample and the 51
particles are more concentrated at the inner part of the sample while Al are more concentrated at the outer part of the
sample. This is because Al has higher density compared to Si which makes the Al to move outward, Besides that, the
particles of S1 at the inner part are bigger than the outer part for all of the samples because of the difference in cooling rate
in which the inner part will have a slow coeling rate that gives the 51 more time to combine to form a larger particles
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