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ABSTRACT:

Metal matrix composite has been used widely in some applications such as the automotive
and aerospace industries. In this work, Aluminum/Fly ash composite material was made with
an egg yolk space holder and the manufacturing process was successfully carried out. The
process includes the mixing, stirring, drying, and sintering processes that were undertaken
including the powder metallurgy method. The metal form has successfully been fabricated
however the hardness test results for specimens were not very satisfactory. The Aluminum/Fly
ash porous composite materials with egg yolk space holders were was characterized using X-
Ray Florence (XRF), X-Ray Diffraction (XRD) test by producing the main peak of Al N and
Al;Os. Observation of SEM by showing phenomena such as; cracks, alignment, and porous.
Density Testing by producing an average porosity of 28.87%. The observation of Optical
Microscopes by showing the shape of the shaft that is not homogeneous.
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1. INTRODUCTION

Recently, many manufacturing companies are producing, innovating, and competing to
find or create components, tools, and materials that can be used for various aspects such as
good quality, strength, manufacturing costs, toughness, and others. These factors make a lot of
research on developing composite materials. Composite materials are considered potential
materials due to their mechanical properties because it has a lightweight and can perform at
high temperatures [1-3].

A composite is a material that has a structural pattern formed from two or more materials
that are combined into one, or a material that has two or more phases formed by a combination
of matrix material and reinforcing material (reinforcement) [4]. The composite material
combined with space holder material and have porous is porous composite material

[51[6][71L8][9]-

The materials with many porous structures make it have advantages such as the capacity
to absorb energy, thermal properties, and unique soundproofing [10][11][12][13][12]. The
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application of porous materials can be used in the automotive industry biomedical medical
[6,7][16].

The fabrication method of Aluminum/Fly ash composite materials using egg yolk as space
holder material through the powder metallurgy route. The powder metallurgy route is a method
to produce part through some stages. Commonly, the powder metallurgy stage is started mixing
or blending stage, compaction stages, and finally sintering stages[8]. Occasionally, compaction
and sintering stages are combined when the hot compaction method is used. The final product
of powder metallurgy requires a secondary and finishing operation. The objective of this work
is to investigate the feasibility fabrication of Aluminum/Fly ash composite through powder
metallurgy using egg yolk as a space holder.

2. METHODOLOGY

The fabrication of Aluminum/Fly ash composite material with egg yolk as a space holder
material is started with the mixing process of the raw material. In this work, aluminum powder
is used as a matrix component and fly ash of coal combustion as reinforcement. To produce a
porous structure egg yolk was used as a space holder. Furthermore, the mixing process of raw
materials was performed using a magnetic stirrer. The mixing process was conducted for 2 and
3 hours to obtain a homogeny mixture. A slurry mixture was put into the cylinder molding to
produce the green part. The green body was drying at 140°C, 160°C, 180°C with a holding time
of 1 hour to reduce water content from the specimen. Fig. 1 shows the green body of the
Aluminum/Fly ash composite.

Fig. 1. Green body composite material Aluminum/Fly ash with egg yolk as a space holder

After the drying stage, sintering stages were conducted at 500°C with a holding time of 2
hours. The fabrication of Aluminum/Fly ash composite material with egg yolk as space holder
has been performed. Moreover, some analysis and material characterization have been
conducted such as the test of XRF, XRD, density, SEM, and optical microscope.
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3. RESULTS

The Aluminum/Fly ash composite material with egg yolk as space holder has been
produced successfully. Water composition has a significant effect to determine the material
properties of the specimen. Specimens tend to brittle with increasing of waters.

11
Drying Temperature 140°C
sintering Temperature 500°C

Fig. 2. Specimen failed 1

1:1.5
Drying Temperature 180°C
Sintering Temperature 500°C
Heating Rate 8°C/Min

Fig. 3. Specimen failed 2

Fig. 2 and 3 show the Aluminum/Fly ash composite specimen which is unable to maintain
its shape. Trial errors have been done to obtain a suitable amount of water. The stirring process
was performed with water composition 10 ml — 20 ml to obtain maximum results.

1:1

Drying Temperature 160°C
Sintering Temperature 500°C

Fig. 4. Specimen with reducing water composition
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The XRF test that does for knowing chemical elements that the specimen container. For
the step doing XRF test is to shoot X-rays through a Niton X2 device to the specimen to be
tested then wait for some minute when the elements contained in the specimen will be seen,
and the results of the XRF test on the Aluminum/Fly ash composite specimens with egg yolk
as space holders are as elements: Al 98.48%, Cr 0.099%, Mn 0.089%, Fe 0.763%, Cu 0.128
%, Zn 0.320%, Nb 0.061%, Mo 0.037%.
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Fig. 5. XRD result for composite Al/FA with egg yolk as a space holder

The XRD test that does for knowing phases are formed in the specimen. Fig. 5 shows that
the peak produced by the specimen test, there are a variety of 3 peaks produced such as
Aluminum Nitride (Al N), Aluminum oxide gamma (Al203), and Aluminum Oxide (Al203).
The Aluminum powder was used for the XRD test too and the result is the same as the XRD
test Aluminum standard.
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Fig. 6. XRD result for aluminum powder
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Fig. 8. SEM observations with magnifications 2000 x

A density test was carried out to determine the porosity that occurs in the specimen, and
the results of the test in composite material aluminum/fly ash with egg yolk as space holder are
shown average porosity number 28, 6867%.

Scanning Electron Microscopy Testing, SEM testing that has done aluminum/fly ash
composite specimens is to determine the shape and morphology of the micro-scale specimens,
the SEM observations this time used magnifications of 5000 x, 2000 x, 1000 x, and 250 x. The
results of SEM observations are in Fig. 7.
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Fig. 9. SEM observations with magnifications 250 x.

Based on SEM analysis with magnifications of 5000 x and 2000 x have 3 phenomena,
porous, cracks, and agglomeration while at 250x magnification, only 2 phenomena are seen,
porous and agglomeration.
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Fig. 10. TGA results for an egg yolk [7].

The porous structure has been observed as a result of the egg yolk space holder. Based on
TGA analysis as shown in Fig. 10 yolk begins decomposed at 100 °C and 500 °C decomposed
completely. Crack was observed on the surface was believed due to the high cooling rate.

Optical microscope observations, optical microscope observations that we do on Al / FA
composite specimens with egg yolk as space holders are to determine the porous size produced
by the specimens. For results from the optical microscope, observations are in Fig. 11.
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Point 4 Point 5

Point 6

Fig. 11. Observations optical microscope specimen

Fig. 11 to 13 show that the image of an optical microscope observation specimen with a
magnification of 25 times and 30 times with observations at 3 points, to more clearly image
magnification is as follows in Fig. 12.

. o~

Fig. 12. Optical Microscope observations at point 4 with magnifications 25 x.
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Fig. 14. Optical Microscope observations at point 6 with magnifications 30 x.

Fig. 14 shows that the porous size formed on the surface specimen is not homogeneous, it
was believed due to the stirring process or the mixture of material used is not homogenous.
The results produced are able to maintain their shape. However, the specimens are still brittle
so they cannot produce high strength.

4. CONCLUSION

Based on analysis results, water composition is an important factor to determine
mechanical properties. The materials tend to be brittle when the number of water increases.
The homogeneity of the mixture is a significant factor to determine agglomeration of the slurry
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mixture which determines the success in the mixing process. The average porosity number is
28.85%. for cracks occur because colling rate parameters are not used and when sintering at
500°C the space holder material still has a 10% weight and then other factors crack occur
because the demolding process is not good.
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