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Abstract

The increased expectation of automotive, aviation and marine industries per-
taining to the enhanced properties and their use in elevated temperature con-
ditions and also corrosive environments leads to the development of the
newer material to meet the requirements. The requirements of the automo-
bile and marine applications call for the increased mechanical properties and
lower density accompanied with higher resistance to oxidation. Hence the
present research work is aimed at the development of Hybrid metal matrix
composites (HMMCs) using low-density base material and reinforcements.
The aluminum of grade LM6 is preferred material in automobile industries,
because it can be cast to any complex geometry and possess good machinabil-
ity, further upon heat treatment, the properties of LM6 alloy can be enhanced
to meet the industry requirements. However, requirements of automobile
industries consist of increased mechanical properties, lower density and
higher corrosion resistance. Hence, in the present research work, it is aimed
to develop newer composite material using LM 6 grade Aluminum alloy as
matrix material which is reinforced with varied percent Cenosphere and Red
mud.

Keywords

LM6 Alloy, Cenosphere, Red Mud, HMMCs, Tensile Test, NaCl, NaOH, Salt
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1. Introduction

Hybrid metal matrix composites are preferred materials for automobile, engi-
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neering, sports and consumer-oriented products owing to their strength to
weight ratio. Stir casting method was used to fabricate Aluminum metal matrix
composites by earlier researchers using fly ash, cenosphere, beryllium powder as
reinforcements [1]-[6]. Increase in hardness of the composite materials was ob-
served when the reinforcement was added to the matrix material [7] [8] [9]. The
density of the aluminum metal matrix composites containing fly ash as rein-
forcement found lower when compared to the base material [10]. Improvement
in bonding of the reinforcement with the matrix material was observed when the
composites were sintered at 600°C [11]. The microstructural analysis revealed
that the distribution of the reinforcement material in the matrix was uniform
[12]. The results of the images revealed that the secondary phase particles as well
as the existence of microvoids at the interface of the matrix and reinforcement
[13]. The SEM analysis revealed that the reinforcement particle was dispersed in
the matrix uniformly, however tiny clusters and empty spaces were observed at
some places [14]. Tensile strength and percent elongation of the AA7075 grade
aluminum alloy reinforced with TiC was found higher when compared to base
material [15]. Increased hardness and tensile strength of the redmud reinforced
aluminum metal matrix composite was observed when compared to the base
material [16]. The hardness and tensile strength of aluminum hybrid metal ma-
trix composites reinforced with cenosphere and graphite were found higher
when compared to base material [17]. Addition of silicon carbide particles re-
sulted in higher tensile strength and yield strength, further heat treatment of
composites resulted in increased tensile strength [18]. Heat treated and aged
composites have shown higher hardness and higher ultimate strength when
compared to base material [19]. Increased ultimate tensile strength, yield strength
and elongation was observed on T6 heat treated LM26 aluminum-silicon alloy
when compared to untreated LM26 aluminum-silicon alloy [20]. Aluminum
bronze samples showed discoloration when subjected to NaOH and H,SO, solu-
tion. The increased corrosion rate was observed with higher H,SO, and NaCl
solutions, but oxidations found more aggressive with HCI solution [21].
Al-Mg-Si matrix containing rice husk ash and silicon carbide particles were
shown improved corrosion resistant when subjected to 3.5% NaCl solution [22].
Al6063 grade aluminum alloy reinforced with AlL,O, particulates have shown
good corrosion resistance in NaCl solution than NaOH and H,SO, solutions.
The heat treated composite material shown higher corrosion resistance when
compared to untreated composite material [23]. The increased percentage of frit
in the Al6061 matrix shown increased corrosion resistance and corrosion rate of
heat-treated composites found lower than untreated composites [24]. The results
of the experiments shown that when the material was subjected to overloads and
corrosive environment the fatigue life reduced due to corrosion pit formation,
anodic dissolution and hydrogen embrittlement [25].

The above review revealed that less research work was done on the effect of

heat treatment on tensile and corrosion properties of LM6 hybrid metal matrix
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composite reinforced with varied percent Cenosphere and Red mud. Hence, aim
of the research work was to investigate the effect of solution heat treatment on
tensile and corrosion properties of LM6 hybrid metal matrix composite rein-

forced with varied percent Cenosphere and Red mud.

2. Materials and Method
2.1. Materials

The base material used for the research work was LM6 grade Aluminum-siliconalloy
consists of 12% silicon. The chemical composition of Aluminum alloy used for
the investigation is presented in Table 1. The LM6 grade aluminum alloy used
for the experiment is shown in Figure 1. The reinforcement materials used for
the research work consists of the extracts of the fly ash which is cenospheres and
another reinforcement material used for research work was the byproduct ob-
tained from the bayers process which is red mud. The chemical composition of
the cenospheres and red mud reinforcements are presented in Table 2 and Ta-
ble 3 respectively. The cenospheres used for the experimentation was of a di-
ameter range of 106 to 140 microns and particle size of red mud measured was
40 microns. The reinforcements used to fabricate HMMCs is shown in Figure 2

and Figure 3.

Figure 2. Cenosphere used for the preparation of HMMCs

Figure 3. Red mud used for the preparation of HMMC:s.
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Table 1. Component percent of LM6 grade Aluminum silicon alloy.

Parameter Silicon  Ferrous Manganese  Copper  Nickel Aluminum

Percent weight 11.61 0.34 0.36 0.06 0.06 Remainder

Table 2. Component percent of cenosphere.

Silicon Aluminum Calcium Magnesium Iron
Parameter .. . . . :
dioxide oxide oxide oxide oxide
Percent weight 56.28 32.1 2.44 2.11 6.7

Table 3. Component percent of red mud.

. Aluminum . Titanium Calcium
Parameter Ironoxide . Silica K . LOI
oxide oxide oxide
Percent Weight 42.03 20.4 14.43 7.52 1.46 11.54

2.2. Fabrication of HMMCs Material

The LM6 grade Aluminum alloy was the base material chosen for preparing the
HMMC:s. The hardness, density and chemical composition of the base metal was
verified before further processing. The base material was cut into 20 mm length
from the ingot and then weighed using the physical balance. The cut LM6 pieces
are stacked in the graphite crucible and then heated to attain melting tempera-
ture using an electric induction furnace. The electric induction furnace and the
stirring mechanism used to fabricate HMMCs are shown in Figure 4(a). The
permanent mold used to fabricate the HMMCs is shown in the Figure 4(b), and
the permanent mold of diameter 30 mm and length 300 mm was heated to about
400°C in order to eliminate the sudden cooling of the molten HMMCs material.
Degassing of entrapped gases were carried out by the addition of hexachloroe-
thane tablets to the molten bath. Further, the slag inclusion was taken away from
the molten bath after degassing process and the then the reinforcements were
introduced following the stirring technique, and the same is shown in Figure
4(a). The measured quantity of the reinforcements was added to the molten bath
following rule of mixtures while stirring of the molten material in order to ob-
tain even distribution of reinforcements in the HMMCs. After, completion of
the stirring process the molten mixture was poured into the preheated perma-
nent mold in order to obtain HMMCs. After 20 hours of cooling in the mold the
HMMCs were taken and subjected to thorough cleaning process and any fins

and blisters were removed before further processing.

2.3. Heat Treatment of Composite Material

Composite material containing varied percent cenosphere and 2% red mud con-
tent was heat treated following T6 heat treatment process. The heat treatment
process consists of solutionizing and aging. The solutionizing process was car-
ried out at 460°C and then quenched in cold water, further aging process was
carried out at 125°C.
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(b)

Figure 4. (a) Electric induction furnace and the stirring mechanism used to
fabricate composite; (b) the permanent mould used to fabricate composite.

3. Experimental Details
3.1. Hardness Test

The Brinell hardness test of the LM6 HMMCs specimens were carried out as per
ASTM E10 standard on KB3000H model Brinell hardness tester and the same is
shown in Figure 5. The hardness of the varied percent cenosphere and 2% red

mud reinforced LM6 HMMCs were measured using 10 mm steel ball indenter.

3.2. Density of the HMMCs

The density of the LM6 hybrid metal matrix composite material reinforced with
cenosphere and red mud was carried out using both theoretical and experimen-
tal techniques. The theoretical and experimental density values for 0% - 8% ce-

nosphere in steps of 2%, while maintaining 2% red mud constant.

3.3. Tensile Test

Tensile test of the newly developed HMMCs was carried out on Model UTK 40,
Universal Testing Machine. The cast specimens containing varied percent rein-

forcement materials were machinedas per ASTM E8 Standard.

3.4. Corrosion Test

The experiments on the corrosion properties of the HMMCs were carried out
following ASTM B117, ASTM G31 standards, the testing methods adopted for
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evaluating corrosion properties were salt spray test on NaCl and immersion
corrosion test using NaCl and NaOH solution in order to replicate the rusting

which occurs naturally.

3.4.1. The Salt Spray Corrosion Test
The Salt spray corrosion test was conducted to HMMCs for 24 hours and it was
observed that the corrosion rate found negligible, however, the rate of corrosion

of the composites containing 8% cenosphere found marginally high.

3.4.2. Immersion Corrosion Test
As cast and solution heat treated specimens were subjected to two different cor-
rosion environments. The specimens used for the corrosion experiments were
prepared following standard procedures. The HMMCs specimens were subjected
to the immersion corrosion test and loss of material as a result of corrosion for
every specimen was evaluated as per ASTM G31 standards. The immersion cor-
rosion test set up containing 5 wt% NaCl Solution is shown in Figure 6.

1) Corrosion Behavior in 5 wt% NaCl Solution

The immersion corrosion test was carried out using 5 wt% NaCl solution for
30 days, maintaining an equal interval of 5 days. Samples were cleaned using
standard cleaning reagent followed by rinsing in distilled water, before immers-
ing the specimens in the 5 wt% NaCl salt solutions. The mass loss of specimens
as a result of immersion corrosion test was evaluated for both as cast and solu-

tion heat treated specimens containing varied percent reinforcement.

Figure 5. Measurement of the hardness of HMMC:s.

Figure 6. Immersion corrosion test setup containing 5 wt% NaCl Solution.
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2) Corrosion Behavior in 0.1 M NaOH Solution

The immersion corrosion experiments were carried out to study corrosion
behavior of LM6 HMMCs between 6 to 48 hours duration, maintaining an in-
terval of 6 hours. Samples were cleaned using standard cleaning reagent followed
by rinsing in distilled water, before immersing the specimens in the 0.1 M NaOH
solution. The mass loss of HMMCs specimens were evaluated for both as cast

and solution heat treated specimens containing varied percent reinforcement.

3.5. Microstructural Studies

The specimens were subjected to microstructural study to analyze the presence
and distribution of the reinforcement. Scanning Electron microscope of model
VEGA3 and make TESCAN where used for the microstructural analysis of
HMMC:s.

4. Results & Discussion

4.1. Measurement of Hardness

The hardness of the HMMCs was carried out at a load of 500 kg and an average
of 10 indentations was considered to assess the hardness of the HMMCs. The
measured hardness values of a composite material containing varied percent
reinforcement of both solution heat treated and untreated are tabulated in Table
4. The influence of percent reinforcement and solution heat treatment on Brinell
hardness number of the HMMC:s are discussed in Figure 7.

From Figure 7, it can be inferred that as the increase of reinforcement leads to
the increase of hardness of the HMMCs material and the increase of the hard-
ness follows an ascending order. The hardness of solution heat treated compo-

sites found higher when compared to untreated composites.

4.2. Density

The density of the HMMCs was measured using the experimental technique and
also calculated using the rule of mixtures are tabulated in Table 5 and the same
is presented in Figure 8.

From Figure 8, it is clear that the density of the HMMCs is lower than the
base material. It is attributed to the fact that the density of the cenosphere is
lower than the LM6 grade aluminum alloy. Further, the theoretical and experi-
mental density values align with each other, which indicated the method
adopted for the fabrication of the HMMC:s is reliable.

4.3. Tensile Test

The specimen used for the tensile test is shown in Figure 9. The results of the
tensile test is presented in Figure 10. From Figure 10, it can be concluded that,
as percent reinforcement increases the ultimate tensile strength decreases and
the ultimate tensile strength found least with the composite containing 8 percent

cenosphere and 2 percent Red mud.
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Table 4. Hardness of solution heat treated and untreated composites.

Cenosphere Red mud Untreated Heat treated
Sample 1 0 0 62.55 70.04
Sample 2 2 2 64.64 72.39
Sample 3 4 2 66.83 76.84
Sample 4 6 2 69.14 82.52
Sample 5 8 2 71.70 86.65

Table 5. Theoretical and experimental density values of HMMCs.

Sample ~ Percentage Reinforcement  Density as per rule of Density ads per
Designation Cenosphere ~ Red mud mixture in g/cc Archimedes principle in g/cc
Sample 1 0 0 2.65 2.64
Sample 2 2 2 2.61 2.56
Sample 3 4 2 2.57 2.50
Sample 4 6 2 2.53 2.44
Sample 5 8 2 2.49 2.39

Influence of Heat treatment on Hardness

m Hardness of untreated specimen

m Hardness of heat treated specimen

70
60
50
40
30
20
10

0

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Hardness in BHN

Sample Designation

Figure 7. Influence of heat treatment on the hardness.

Influence of Reinforcement on Density

m Theoritical Density in g/cc
2.7 ® Density measured in g/cc

2.6

2.5
2.4
2.3
2.2
2.1

2

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Density in g/cc

Sample Designation

Figure 8. Influence of percent reinforcement on density.
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Figure 9. Specimen used for tensile test.

Influence of heat treatment on ultimate tensile strength

250 B Untreated specimen (Mpa)

200 B Solution treated specimen (Mpa)
150
100
50
0

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

Ultimate tensile strength in Mpa

Sample designation

Figure 10. Influence of heat treatment on ultimate strength.

From the results of the tensile test, it can also be inferred that the ultimate
tensile strength of solution heat treated specimens were found higher than un-
treated specimens.

Percent Elongation
The results of the tensile test is shown in Figure 11, From Figure 11, it is clear
that the percent elongation of solution heat treated specimens were found higher
when compared to untreated specimens.

The percent elongation of hybrid metal matrix composite containing 8 per-
cent reinforcement found least. The percent elongation decreases with the in-

crease of percent reinforcement.

4.4. Corrosion Test

The corrosion tests were carried out for HMMCs to evaluate the corrosion
properties of the newly developed composite material. The corrosion tests car-

ried out consists of the salt spray corrosion test and immersion corrosion test.

4.4.1. The Salt Spray Corrosion Test

The results of the salt spray corrosion test is shown in Figure 12. The results
of the salt spray corrosion test reveal that the weight loss of the composites
containing 6% cenosphere and 2% Red mud shown higher corrosion resis-
tance when compared to 8% cenosphere and 2% Red mud. Increase in the
percent of cenosphere shown significance role in enhancing the corrosion re-

sistance.
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Influence of heat treatment on percent
elongation
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Figure 11. Influence of heat treatment on percent elongation.

Influence of reinforcement on Salt spray test
" 45 4
5 40 - ® Untreated
I
:'—é ’ ® Solution heat treated
- 30 A
2 25 4
= 20
=
.2 15 A
o
B 10 A
5 4
0 h T T T
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Sample number used for salt spray test

Figure 12. Influence of Reinforcement on weight loss during salt spray test.

From the analysis of the corrosion behavior of solution heat treated and un-
treated samples, it can be inferred that untreated composite material possesses
lower corrosion resistance when compared to solution heat treated HMMCs.
From the analysis of the corrosion test, it is clear that as percent cenosphere in-
creases the resistance to corrosion of HMMCs follows ascending order till 6%
cenosphere, further addition of cenosphere results in a marginal increase of
weight loss of the HMMCs material for both untreated and solution heat treated

specimen.

4.4.2. Immersion Corrosion Test

Immersion corrosion tests were conducted as per ASTM G31-72 standards, the
samples were machined to a size of diameter 28 mm and thickness 5 mm, and
weight loss for every 6 hours was measured, weight loss for a total of 48 hours

was carried out and corrosion rates were determined. Every 6 hours the samples
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were taken out and weighed using an electronic weighing scale and Weight loss
was recorded. This process was repeated for a total period of 48 hours, weight
loss and corrosion rates were determined for every 6 hours. The images of the
specimens subjected to immersion corrosion test on NaCl solution, before and
after corrosion test are shown in Figure 13 and Figure 14 respectively. The im-
ages of the specimens subjected to immersion corrosion test on NaOH solution,
before and after immersion corrosion test are shown in Figure 15 and Figure 16
respectively.

From, Figure 17 & Figure 18, we can conclude that the weight loss is higher
in the base material when it was subjected to identical corrosion environments.
The weight loss of the HMMCs material followed descending order as percent
filler increased till 6% cenosphere, further increase of cenosphere resulted with
an increase in weight loss for both heat treated and untreated composites. Solu-
tion heat treatment of LM6 & its composites resulted with marginal improve-
ment in corrosion resistance.

From Figures 17-20, we can conclude that the weight loss of the LM6 and its
composites containing varied percent cenosphere and constant percent red mud
have shown reduced weight loss when it was immersed in NaCl when compared
to NaOH. The corrosion of sample containing 6% cenosphere and 2% red mud
found least. Further, the rate of corrosion of the specimens when immersion
corrosion test was carried out on NaCl than NaOH solution, it was found that
the weight loss was lower in NaCl solution when compared to NaOH solution.
The weight loss of the untreated specimens found higher than solution heat
treated LM6, HMMCs having a different percentage of micro spheres and red
mud particles. The corrosion resistance of solution heat treated specimens found
higher when compared to LM6 base material. Formation of black film on the
specimen surface was observed on both solution heat-treated and untreated spe-
cimens. The reason for forming of hydroxyl chloride layer on the specimens are
the reason for specimens to possess black layer which eliminates further corro-
sion of the LM6 HMMCs.

The images of the specimens subjected to microstructural study are shown in
Figures 21(a)-21(i). The photo micrograph of as cast HMMCs containing 0%
reinforcement is shown in Figure 21(a). As-cast HMMCs containing 2% red
mud and 4% cenosphere is shown in Figure 21(b), as-cast HMMCs containing
2% red mud and 8% cenosphere is shown in Figure 21(c), HMMCs containing
0% cenosphere, 2% red mud and 4% cenosphere and 2% red mud and 8% ce-
nosphere corrosion tested on NaCl solution are shown in Figure 21(d), Figure
21(e) & Figure 21(f) respectively. HMMCs containing 0% cenosphere, 2% red
mud and 4% cenosphere and 2% red mud and 8% cenosphere corrosion tested
on NaOH solution are shown in Figure 21(g), Figure 21(h) & Figure 21(i) re-
spectively.

The photo micrographs of the newly developed HMMCs are presented in
Figures 21(a)-(i). From the SEM photo micrographs, it can be observed that the

presence of both red mud and cenosphere particles in the newly developed hy-
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brid composite material are significant and the distribution of the cenosphere

and red mud particles found even.

Figure 14. Specimen after immersion corrosion test30 days in NaCl.

Figure 15. Specimen before immersion corrosion test.

s

Figure 16. Specimen after 48 hours in NaOH.

Influence of reinforcement on weight loss
during immersion corrosion

2.5
« 2
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g
o 15
£
ED —e—Sample 1 —&— Sample 2
g 0.5 —&— Sample 3 —8—Sample 4
—&—Sample 5

0 6 12 18 24 30 36 42 48

Number of hours exposed to immersion corrosion test

Figure 17. Influence of Reinforcement on weight loss of the untreated HMMCs material
when the specimen was exposed to NaOH.
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Figure 18. Influence of Reinforcement on weight loss of the Solution heat
treated HMMCs material when the specimen was exposed to NaOH.
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Figure 19. Influence of Reinforcement on weight loss of the untreated HMMCs
material when the specimen was exposed to NaCl.
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Figure 20. Influence of Reinforcement on weight loss of the solution heat
treated HMMCs material when the specimen was exposed to NaCl.

DOI: 10.4236/jmmce.2019.71001

13 J. Minerals and Materials Characterization and Engineering


https://doi.org/10.4236/jmmce.2019.71001

Ravi Kumar V. et al.

.
smuwvseny | wortmssmm | 0000 | vecasmescasl] smweviasowv | woiwarem |y 00000 0|  veessTesca
o v ot

SEM MAG: 500 % Dat: Toopm SEU MAG: 500 60

Figure 21. (a)-(i) Photo micrograph of LM6 HMMCs containing varied percent cenos-
phere and 2% red mud.

5. Conclusions

Hybrid metal matrix composites using LM6 as the matrix material, varied per-

cent cenospheres and 2% red mud as reinforcing materials have been successful-

ly fabricated using stir casting technique. The following conclusions were drawn

from the various analysis.

The hardness of the HMMCs were found higher than the base material. It is
also observed that the hardness of the solution heat treated composites were
found higher than untreated composites. Further, it is also observed that as
the per-cent reinforcement increases the hardness of the HMMCs material
increases.

The density of the hybrid metal matrix composites were found lower than the
base material.

With the increase in the percentage of cenosphere and red mud, the density
of the HMMCs material decreased.

It is seen from the microstructural studies that there is a uniform distribution
of cenosphere and Red mud in the matrix.

The results of tensile test was revealed that there is a decrease in the ultimate
tensile strength with the increase in cenosphere and red mud percentage.

The percent elongation of HMMCs containing 8 percent reinforcement

found least. The percent elongation decreases with the increase of percent
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reinforcement.

e Corrosion tests revealed that as percent cenosphere increases the corrosion
resistance increases up to 6% addition of cenosphere, further addition of ce-
nosphere results in marginal weight loss of the HMMCs material for both
untreated and solution heat treated.

e The weight loss of the HMMCs material followed descending order as per-
cent reinforcement increased till 6% cenosphere, further increase of cenos-
phere resulted with an increase in weight loss in both heat treated and un-
treated composites. Solution heat treatment of LM6 & its HMMCs resulted
with marginal improvement in corrosion resistance.

e Immersion corrosion test was carried out for both NaCl and NaOH solu-
tions. From the corrosion test results it can be inferred that when NaCl was
used the weight loss found lower than NaOH solution. The weight loss of the
untreated specimens were found higher than solution heat treated LMS,
HMMC s having a different percentage of micro spheres and red mud par-
ticles.

e The newly developed HMMCs material could be used as a replacement for

monolithic materials used in the automobile sector.
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