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Abstract: - In recent years the demand for the light weight material, low cost and high performance material is
needed. In case of MMC’s, aluminium matrix composite due their high strength to weight ratio, low cost and
high wear resistance are widely manufactured. In this present experimental work the production of Alsi 10mg is
reinforced with quartz material by stir casting method. The resulting composite produced from cast is tested for
their mechanical properties without heat treatment and with heat treatment on the casting samples and compared
with each other.The project aims to provide solution for optimum reinforcement percentage, and also suggest
that the heat treatment on casting will increase their mechanical properties substantially.
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l. INTRODUCTION

In the last two decades, research has shifted from monolithic materials to composite materials to meet
the global demand for light weight, high performance, environmental friendly, wear and corrosion resistant
materials.Metal Matrix Composites (MMCs) are suitable for applications requiring combined strength, thermal
conductivity, damping properties and low coefficient of thermal expansion with lower density. These properties
of MMCs enhance their usage in automotive and Tribological applications. In the field of automobile,
Dr.Thirumalai, [1] et al.Revealed reinforcing quartz with aluminum alloy Lm9 in the respective weight
percentages has shown appreciable increase in its mechanical properties, also Stir casting method can be
successfully used to manufacture metal matrix composite with desired properties. G. Mallikarjuna [2]et
al.revealed that strength is increases up to weight percentage of 9 of silica for micron size of 106 um, after that
decreases. Micro hardness of the composites found increases with increased weight percentage of 9 of silica for
micron sizes of 106 um, after that decreases.

S.D.Saravana n[3] et al. Studied the mechanical behavior of aluminum and rice husk ash of three
different particle size ranges which was reinforced with aluminum alloy using stir cast method. The results
reveal that the tensile strength, compressive strength and hardness of the aluminum alloy composites decrease
with increase in particle size of RHA. But increase in the weight fractions of RHA particles decreases the
ductility of the composite. Addition of organic reinforcement like Rice husk ash (RHA), Coconut ash, fly ash
etc. to the aluminum or its alloy has also shown an appreciable increase in mechanical along with Tribological
behavior of the Al metal matrix composite reviewed by A. P. S. V. R. Subrahmanyam [4] et al. S.Sawla [5] et al.
investigated the combined effect of reinforcement and heat treatment on the two body abrasive wear of
aluminum alloy composites Mousa Javidani [6] et al...Studied heat treatment investigation of the AlsilOmg alloy
produced by SLM microstructure and hardness.

1. EXPERIMENTAL WORK
In this experimental work composite material is casted by stir casting method for the application of
connecting rod. The AISi 10Mg has been taken as the matrix material while quartz has been considered as the
reinforcement. Ball milling machine is used to crush the quartz in to powder form. After crushing the powder is
segregated to under 75 microns using with sieve shown in figure 2.1. According to design of experiments eight
samples were casted with different proportions and analysed for the optimum composition for its performance.
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Fig 2.1 Quartz powder (75um) Fig 2.2 Prepared samples

The materials selected for this experimental investigation are AISil0Mg alloy for the matrix and SiO2
of 75 um as particulates with different percentages (in wt% 0, 5, 10 and 15) based on the variation in weight.
Different specimen of the MMC with aluminium alloy having 5wt% quartz, 10wt% quartz, 15wt% quartz is
taken. The quartz is taken in the proportion of 5, 10 and 15% is for carried to find out the increase in quartz in
the composites will increase the mechanical properties of the AISil0Mg-Quartz composite formed. In the
process of development the matrix material, AlSilOMg was melted in the furnace which was originally
developed for MMCs production. The melting temperature of AlSil0Mg is about 750°C. And the quartz is
preheated to a temperature of about 500°Celsius. Sample prepared for this work is shown in figure 2.2. After
fabrication of composite samples were machined for various tests. For optimization Design of experiment
method is selected and the % values were shown in table 2.1

Table 2.1 Design of experiments

Sample 1.D Reinforcement size % of Si02 Status
1 50-100 microns 0 As cast
2 50-100 microns 5 As cast
3 50-100 microns 10 As cast
4 50-100 microns 15 As cast
5 50-100 microns 0 Heat treated
6 50-100 microns 5 Heat treated
7 50-100 microns 10 Heat treated
8 50-100 microns 15 Heat treated

1. RESULTS AND DISCUSSION

From the experimental work, the mechanical properties of AlSi 10Mg-Quartz reinforced composite
material produced from the stir casting process were analyzed. The comparison of hardness values, tensile
properties, and Impact strength of composite which has been prepared by stir casting method as cast and T6 heat
treated were discussed. The tests were conducted from the cast samples with heat treatment and without heat
treatment and the final results were discussed based on the optimum values.
Rockwell hardness test

In Rockwell hardness testing machine (model MRS 2010/878) the samples those having dimensions
dia20 x 30 mm specimens were tested as per ASTM E10-2015 by Using steel ball indenter with load of 100 kgf.
The testing is conducted on the specimen as cast and heat treated and three values for each category were
arrived for the mean value and the results are tabulated as show in table 3.1 and plotted graphs as show in figure
3.1figure 3.2,figure 3.3.

Table 3.1 Hardness values as cast and heat treated

SL.No. Specimen Percentage Of. reinforce HRB value
material
1 As cast 0 41
2 As cast 5 45
3 As cast 10 56
4 As cast 15 43
5 Heat treated 0 52
6 Heat treated 5 55
7 Heat treated 10 70
8 Heat treated 15 56

International organization of Scientific Research 8|Page



Paper preparation guidelines for IOSR Journal of Engineering

10 15

heat
treated

Fig 3.2 Hardness values as Heat treated

_ascast
60 7 heat treated
TN
50
w / ~ 80
E} 40 w
< 30 35 ©0
=
2 .o =< a0
e as 2
10 cast I 20
o] o]
a 5 10 15 o] 5
quartz percentage quartzpercentage
Fig 3.1 Hardness values as cast
80
70
w 60
3 50 TN
= ______——" T~
= 40
g 30 as cast
T 20 heat treated
10
0
o] 5 10 15
quartz percentage

Fig 3.3 Hardness values as cast + Heat treated

Impact testing (charpy’s test):
Impact Strength tests were performed by Charpy V Notch pendulum impact testing machine.
Specimens were prepared from AISi 10Mg and Quartz MMC by square cross section 10 mm x 10mm and
55mm in length with 45-degree V Notch at the centre. At the mid span of the specimen there was a single blow
of hammer given. The blow was sufficient to bend or break the specimen at the centre. The striking energy was
measured and tabulated as in table 3.2.and graph are plotted as shown in figure3.4, figure 3.5 and figure 3.6.

Table 3.2 Energy absorbed by specimen

State % of quartz Energy Set Energy Spent Energy Saved
As cast 0 300 280 20
As cast 5 300 270 30
As cast 10 300 250 50
As cast 15 300 280 20
Heat treated 0 300 250 50
Heat treated 5 300 240 60
Heat treated 10 300 230 70
Heat treated 15 300 250 50
Table 3.3 Impact strength
SI No % of quartz Saved energy State Absorbed Energy
1 0 20 As cast 2000
2 5 30 As cast 3000
3 10 50 As cast 5000
4 15 20 As cast 2600
5 0 50 Heat treated 5000
6 5 60 Heat treated 6000
7 10 70 Heat treated 7000
8 15 50 Heat treated 3000
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Figure 3.4 Impact test result as cast
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Figure 3.5 Impact test result as Heat treated
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Figure 3.6 Impact test result as cast and Heat treated

Tensile strength

Tensile test samples using the As per 1SO-6892-1998-tensile testing in Annex- C C.2.3.2 as per table
C.1 standard with the 50 mm gauge length were as cast and heat treated are Precision machining and polishing
by abrasive papers were carry out on the gage length to improvise the surface quality. A UTM testing machine
with 0.5 mm/s test speed was used to measure the mechanical properties. Samples for transverse rupture
strength test were prepared according to the 1SO-6892-1998 Type are tabulated in table 3.4 and make charts as
shown in figure 3.7, figure 3.8, and figure3.9.

Table 3.4 Tensile strength of specimen

Sl no Specimen Percentage of reinforce material Tensile strength (mpa)
1 As cast 0 120
2 As cast 5 160
3 As cast 10 195
4 As cast 15 145
5 Heat treated 0 210
6 Heat treated 5 275
7 Heat treated 10 310
8 Heat treated 15 240

Tensile strength(as cast)

250 195
% 200 160 145
g 150
; 100 -+ —ll—tensile
g 50 strength(M
o o pa)

0] 5 10 15

quartz percentage

Tensile strength (Heat treated)

400 310 —l— Tensile
300 275 strength
210 ﬁ Heat
200 -~ treated
tensile
100 strength(M
a
) . . . . pa)
1 2 3 4

Figure 3.7 Tensile tested specimen as cast

Figure 3.8 Tensile tested specimen as Heat treated
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Figure 3.9 Tensile tested specimen as cast and Heat treated

Hardness comparison as cast and heat treated
Hardness comparison as cast and heat treated is shown in the table 3.5.and plotted in graph as in figure 3.10.

Type 0%Si02 5%Si02 10%Si02 15%Si02
As cast 41 45 56 43
Heat treated 52 55 78 56

Table 3.5 Hardness values of specimen
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Fig 3.10 Compared result between as cast and Heat treated

Tensile strength comparison as cast and heat treated
Tensile strength comparison as cast and heat treated shown in table 3.6 and figure 3.11.

Table 3.6 Tensile strength values of specimen

Type 0%Si02 5%Si02 10%Si02 15%Si02
As cast 135 170 210 145
Heat treated 210 275 310 240
600
~ 275 i
a 510 /./‘.\240
5 % 400 — ~.
2 5 170 210 145 —i—Heat treated
Wi > 200 135 . ——
fu pa— ¢ T TT— —4—as cast
0
0 T T T 1
0%Si02 5%5i02 10%Si02 15%Si02

Fig 3.11 Compared result between as cast and Heat treated

Impact strength comparison as cast and heat treated
Impact strength comparison as cast and heat treated shown in table 3.7 and figure 3.12

Table 3.7 Impact strength values of specimen

Type 0%Si02 5%Si02 10%Si02 15%Si02
As cast 1980 2690 4880 2810
Heat treated 4820 6020 6890 3020
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Fig 3.12 Compared result between as cast and Heat treated

V. CONCLUSION

The AISi 10Mg-Quartz metal matrix composite shows a considerable improvement in the mechanical
properties. The addition of quartz in the composite decreases the weight there by improving the mechanical
properties. Replacement of existing Aluminium alloy connecting rod material by SiC and other reinforcements
cost high. Hence we are in the need of reinforcement with low cost and low density. Therefore the AlSi10Mg-
Quartz MMC is best suitable material for connecting rod. Based on the test results and interpretation following
conclusions were reached. Stir casting process is low cost method its applicability to mass production,
Compared to other fabrication methods(Reinforcement size is 75 micron and 10 % weight fraction). 10 % of
quartz is the best fraction of reinforcement in to AlSi10Mg is proper mixing by stir casting process. Hardness of
the composite is found to be high on sample no 7(Reinforcement size is 75 micron and 10 % weight fraction)
heat treated as compared to other results. Ultimate tensile and Yield Strength is maximum in sample no 7
(Reinforcement size is 75 micron and 10% weight fraction) heat treated as compared to other results. Impact
strength of the composite is found to be high on sample no 7 (Reinforcement size is 75 micron and 10 % weight
fraction) heat treated as compared to other results. The mechanical properties of this material as per present
project prepared and heat treated as per T6 standard is near to match the properties of forged steel those are used
to produce connecting rod (300 mpa 450 mpa).
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