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ABSTRACT

Present study is focused on the fabrications of Al6063 based on MMC added with aluminium
oxide and titanium dioxide by using stir casting technique. The reinforcement of aluminium
oxide added as 5% and titanium dioxide as 10% for sample B and 5% of aluminium oxide and
15% of titanium dioxide for sample C which is compared with the aluminium 6063 as sample A.
The reinforcement is determined by x-ray diffraction it reveals that there are no inntermattallic
compounds present and from the SEM (scanning electron microscope) analysis the aluminium
oxide and titanium dioxide particles are uniformly distributed in matrix phase. The mass of
samples determined by using ROM. The true density determined by analytical method which
was verified through Archimedes principle. The hardness of the composite and aluminium 6063
was measured and tabulated. The addition of aluminium oxide and titanium dioxide in a

aluminium 6063 matrix induced the higher impact strength compared to sample A.
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INTRODUCTION

Composite materials will play a pivotal role in engineering materials. Combination of
two or more materials with different properties will enhance the property of the matrix material
that performs high performance in defense sectors particularly for rockets, missiles and other

equipments. [1].

Light-metal matrix composites which have been employed in the automotive and aircraft
manufacturing industries consist of mostly aluminium as their main matrix. The components
which are produced there consist of hardness and wear resistance and also give a high degree of
damage tolerance [2, 3]. Unlike metals, composites do not corrode and have high strength-to-
weight ratio and high stiffness-to-weight ratio. Hence, they are used for application in virtually

all sectors of engineering. [4].

An indigenous development of materials is combined with high performance. Hence, composites
are essential in certain areas. Selection of reinforcement type greatly influences costs. This is not
only because of the quality and cost of the material itself, but also because of higher cost material

usually requires highly skilled personnel, more production facilities and often more labor hours.
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EXPERIMENTAL STUDY

Fabrication of Composites

In this study the effect of Al2Os, TiOzparticulate reinforcement in the Aluminium matrix
was investigated. The reinforcement was added as 5% &10% and 5% & 15% in weight of Al>Os3,
TiO, as shown in table I. The reinforced aluminium6063hybridcomposite was fabricated by

using stir casting method

Sample Composition of matrix and reinforcement material

Table I Weight percentage of samples

Aluminium ALO; TiO; Total
Sample
6063(%) (%) (%) (%)
A 100 0 0 100
B 85 5 10 100
C 80 5 15 100

Sample composition of mass Fraction for preparation of composite

Table IT Mass of samples in grams

Aluminium ALO; TiO; Total
Sample 6063
(gram) (gram) (gram) (gram)
A 397.607 - - 397.607
B 337.965 19.880 39.760 397.607
C 318.085 19.880 59.641 397.607

Composite Material Specimen Preparation by Stir Casting Method

The samples were measured and convey to casting furnace. The reinforcement is pre-heated to a

certain temperature and added with matrix metal and stirred continuously and poured to the

cavity to make required shape.
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Density Measurement

Theoretical density of matrix and reinforcement material is given below.

> Density of Aluminium6063=2.69g/cm?
» Density of Al,03=3.987g/cm?
» Density of TIO>=4.23g/cm?

The size of specimen for density test

Diameter of the specimen =20mm
Length of the specimen =20mm
We know that volume =n/4 * (d**1)

= /4 * (2°%2)
=6.2832cm’
Calculating Theoretical Density

Rule of Mixture
It use to predict the mass of substance. The theoretical densities of the composite were
determined using the rule of mixture formula as follows

P com = P matrix + P rein

Mcom Mmat Mrein

= e
Vcom Vmat Vrein

For Sample A
M com =M mat + M rein
= (1x2.69) + (0)
=2.69g/cm?
For Sample B
M com=M mat + M rein
= (0.85%2.69)+(0.05*3.987)+(0.10*4.23)
=2.90885g/cm’
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For Sample C
M com=M mat + M rein
=(0.80*2.69)+(0.05x3.987+(0.15x4.23)
=2.98585g/cm’

Density Measurement by Archimedes principle

Fig.1 Archimedes set up
The density of samples was determined by using physical law of buoyancy.

Table III Density measurement

Mass of sample using Density
SAMPLE Mass of sample physical law of Archimedean
(gm) buoyancy (gm) Principle(g/cc)
A 17.61 6.54 2.69
B 17.97 6.57 2.73
C 18.30 6.61 2.76

Density Measurement By Analytical Method
We know that volume =n/4 x (d’x1)
=n/4 x (2°*2)

=6.2832cm?
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__MOS
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For Sample A

For Sample B

For Sample C

\4ON

MOS
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_17.6162
6.2832

MOS

P Theo ~Vos

_17.9772
6.2832

MOS

P Theo ~vos

_18.3074
6.2832

Density Test Comparison

=2.8036 g/cm’

=2.8611 g/cm’

=2.9137 g/cm’

Table IV Density comparation

Sample ROM Experimental (physical Analytical method
g/cc law of buoyancy) g/cc g/ce
2.69 2.69 2.80
2.90 2.73 2.86
2.98 2.76 2.91
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RESULTS AND DISCUSSION

Density Measurement Comparison

Table V Mass of substance of various methods

ALUMINIUM | ALO; Theoretic | Actual |\ o1 ccal mass
SAMPLES o o al mass of | mass of
6063 (%) (%) TIO: of substance
%) substance | substance
o
A 100 - - 2.69 2.6908 2.8036
B 85 10 5 2.90885 2.7328 2.8611
C 80 15 5 2.98585 2.7686 2.9137
3.05
, 9? - 298585
8 29 /‘”ﬁ
L 2.85
F )y i )
= 2.8 —=¢—theoretical density
£ o , ) Ml 2.7686 :
< S ) == actual density
2.7 4
2.65 2.6908
2.6
2.55
2.5
sample A sample B sample C

Fig. II Theoretical density Vs Actual density

The above graph plot between actual density and theoretical density. It seems the density kept on

increasing while the reinforcement varies from samples.
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HARDNESS TEST
Table VI Hardness test result
Sample Readings at various points AVERAGE
A 36 37 37 37
B 38 37 38 38
C 40 41 41 41
42
41 / 41
40 40
39
38 7 e SAMPLE A
37 3% 37 ——SAMPLE B
SAMPLE C
36 36
35
34
33 . .
R1 R2 R3

Fig. II1 Hardness comparation

The above graph shows the hardness of the various samples. The Results predict that there is a

uniform increase in hardness; this is due to addition of alumina and TiO; as reinforcement in

aluminium 6063.
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IMPACT TEST

Table VII Impact Test sample dimension

SPECIMEN ENERGY ABSORBED (J)
A 10
B 12
C 14

ENERGY ABSORBED
(JOULE)

O 1 I
A B C

Fig. IV Hardness value at various point

The impact test results of composite samples are displayed in table shows the impact
values of various samples. It shows that the energy absorbed is increased while the
amount of reinforcement increases. The impact strength of the composite is higher when
adding a 5% of alumina and 15% TiO; compared aluminium 6063. This improvement is

achieved due to the influence of addition particles in the matrix of A16063.
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SEM (Scanning Electron Microscope)

A Scanning microscope (SEM) could be a variety of microscope that turn out image of a sample
by scanning the surface with a centered beam of electrons. The electrons act with atoms within
the sample, manufacturing numerous signals that contain data concerning the surface topography

and composition of the sample.

Sample A Sample B

Fig. VII
Fig. V, VI, VII shows the distribution of particles

The microstructure examination was done to analyze the grain size and distribution of titanium
dioxide particles. The microstructures of Aluminium6063- Al203-TiO2composites were
studied mistreatment optical magnifier. Figures show the optical microstructure of mould Al-
Al203-TiO2composites at magnification of 20X. Microstructure indicates uniform distribution
of reinforcement particles with the matrix, conjointly indicates the bonding has been fashioned

between one another and there's some quantity of porousness is gift.
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X-RAY DIFFRACTION

XRD sample A
Peak List
Table VIII Value of X-Ray Diffraction values Sample A
P[°20] Hicts] FWHM Left DS[A] RI[%] Area
[°20] [cts*°20]
38.4100 702.29 0.1535 2.34364 8.86 106.34
42.0044 247.04 0.3070 2.15103 3.12 74.82
43.5810 2501.03 0.3838 2.07680 31.54 946.79
44.6525 7929.31 0.2303 2.02942 100.00 1801.03
49.2145 459.93 0.2303 1.85145 5.80 104.47
50.9466 646.96 0.3070 1.79250 8.16 195.93
65.0214 567.85 0.1151 1.43442 7.16 64.49
72.7251 4224.79 0.4605 1.30030 53.28 1919.20
75.6700 305.99 0.3838 1.25685 3.86 115.83
78.1472 563.22 0.1872 1.22208 7.10 140.58
78.4048 299.59 0.1404 1.22174 3.78 56.08
79.5062 244.99 0.2808 1.20457 3.09 91.73
82.4675 30.48 0.5616 1.16866 0.38 22.83
83.6262 232.55 0.1404 1.15539 2.93 43.53
88.3841 792.43 0.2340 1.10506 9.99 247.24
XRD images for Aluminum 6063
samplc A
=
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Fig. VIII Peak values
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XRD sample B
Table IX Value of X-Ray Diffraction values Sample B
P[°20] Hcts] FWHM DS[A] RI[%] Area
Left [°20] [cts*°20]
38.4071 704.50 0.1535 2.34381 8.75 106.68
42.1101 460.16 0.2686 2.14588 5.71 121.94
43.7493 3756.07 0.3838 2.06920 46.65 1421.90
44.6529 8051.90 0.2303 2.02941 100.00 1828.88
49.2179 803.55 0.3454 1.85133 9.98 273.77
50.7273 691.31 0.3454 1.79973 8.59 235.53
65.0167 555.02 0.1151 1.43451 6.89 63.03
72.7455 6885.52 0.4605 1.29998 85.51 3127.90
75.6879 555.05 0.6908 1.25660 6.89 378.22
78.1427 556.82 0.1535 1.22315 6.92 84.32
82.4050 30.06 0.4605 1.17035 0.37 13.65
88.5205 1127.74 0.3454 1.10462 14.01 384.22
XRD images for Sample B
sample B
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Fig. IX Peak values
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XRD sample C
Table X Value of X-Ray Diffraction values Sample C
P[°20] Hicts] FWHM Left DS[A] RI[%] Area
[°20] [cts*°20]
6.1556 80.03 0.9210 14.35849 1.01 72.71
38.4153 064.57 0.1535 2.34333 8.41 100.63
42.0978 25791 0.1919 2.14647 3.27 48.82
43.6452 2380.38 0.4605 2.07389 30.14 1081.34
44.6488 7898.00 0.2303 2.02958 100.00 1793.92
49.0564 408.26 0.2340 1.85551 5.17 127.38
49.2349 434.71 0.1404 1.85380 5.50 81.38
50.9016 551.09 0.7488 1.79250 6.98 550.21
65.0205 548.98 0.1404 1.43325 6.95 102.77
72.7604 3908.54 0.6084 1.29868 49.49 3170.61
75.7216 327.75 0.4680 1.25508 4.15 204.52
78.1474 563.70 0.1872 1.22208 7.14 140.70
82.4281 31.22 0.5616 1.16911 0.40 23.37
XRD images for Sample C
sample ¢
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CONCLUSION

The alumina and TiO; particulate reinforced aluminium 6063 matrix composites were prepared
through stir casting method. The reinforcement of alumina was added as 5 % with TiO2 5% to

15% in aluminium 6063 matrix phase.

The aluminium 6063 sample also prepared to compare the properties with the reinforced
composite. The samples were mechanically tested and the below concluding remarks have been

identified.

The theoretical density is increasing with respect to alumina and TiO; particulate

addition, which is high density at high percentage of TiO2 reinforcement.

e The hardness of composite is also increased over the hardness of aluminium 6063.

e The distribution of reinforcement particle in the aluminium 6063 matrix is conformed
with the SEM images.

e The XRD was taken to identify the Crystallite size of the particle and distribution of

reinforcement particles in aluminium 6063 matrix.

Finally, the effect of alumina and titanium dioxide addition in aluminium 6063 matrix was
observed to have a commendable performance in mechanical properties. The composition
of 5% alumina and 15% titanium dioxide {Sample C} can be used for structural

applications.
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