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Abstract

Aim: The aim of this research is to fabricate an aluminium hybrid metal matrix composite reinforced with a 15% weight
fraction constituting 7.5% of silicon carbide and 7.5% of fly ash using the stir casting method under controlled process
parameters and compare tensile strength, compressive strength, hardness and corrosion resistance with pure as-cast Aluminium
6061. Materials and Methods: Samples of dimensions 150mm x 150mm and thickness 10mm are prepared under Identical
conditions adhering to standards. For g power calculations (threshold level: 0.20, confidence interval: 80%) gives a sample
size of 80. Mechanical tests are taken individually on each sample for 20 samples of the experimental group (AHMMC) and
control group (As-cast AL6061) as per ASTM standards. Results: One-way ANOVA using SPSS software shows that
AHMMC with a 15% weight fraction of SiC and Fly ash has a significantly higher tensile strength (38.97 MPa), compressive
strength (55.91 kN), and hardness (76 HV) but has slightly lower corrosion resistance (1.659 mm/year) than that of as-cast
AIl6061 with a significance level of 0.036 (p<0.05). Conclusion: Within the limitations of this study, It is revealed that
AHMMC with a 15% weight fraction of SiC+Fly ash exhibited enhanced Mechanical and physical properties when compared
to as-cast Al6061.
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INTRODUCTION

Aluminium hybrid metal matrix composites are highly used in industries instead of conventional
aluminium alloys because of their improved characteristics like tensile strength, Compressive strength, weight
ratio, energy-saving capabilities, and corrosion resistance. Various researches have been undergone to determine
the stable weight fraction for aluminium 6061 reinforced with various materials such as B4C, Al.Os, TiC, SiC,
Gr, etc. (Sandeep Kumar Ravesh November- December 2012) attempted to analyze the applications of AMCs
which are increasingly being used in high-tech structural and functional applications such as aerospace, defense,
automobiles, and thermal management due to their increased characteristics. (G. B. V. Kumar et al. 2012)
instigated the hardness of an Al6061-SiC composite and noted a significant increase of 67% for a 6 % weight
fraction. This increase in hardness can be attributed to the high hardness that SiC possesses. (2011) conducted
research on Al6061 composite reinforced with fly ash and found that the tensile strength, compressive strength,
and hardness of the Al6061 composite is decreasing when the particle size is increased at a constant proportion.
The addition of SiC reinforcement decreased the wear rate for all the composites in work undertaken by (Yalcina
and Akbulut 2006) employing two different smelting techniques for the manufacture of Al-SiC. Comparably in
this novel experiment, an Aluminium hybrid composite with a 15% weight fraction of SiC (7.5%) + Fly ash (7.5%)
is fabricated and studied. Mechanical properties such as tensile strength, compressive strength, hardness, and
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corrosion resistance of the experimental group which is the aluminium hybrid composite are compared with the
properties of the control group which is the pure as-cast aluminium 6061.

On reviewing the past research related to aluminium hybrid metal matrix composites, it is found that
there are around 734 papers in Google Scholar and 349 papers in ScienceDirect. An increase in tensile strength
and hardness with the increase in weight percentage of B.C particles is discussed in the study of aluminium metal
matrix composite reinforced with Boron carbide with an average particle size of 25 micrometers at different
weight percentages (Ravi, Balu Naik, and Udaya Prakash 2015)(G. B. V. Kumar et al. 2012)(Ravi, Balu Naik,
and Udaya Prakash 2015). Mechanical properties, tribological properties, and microstructural properties of
aluminium 2xxx series alloys processed powder metallurgy along with reinforcement materials like SiC and Al;O3
are presented (Ashwath and Anthony Xavior 2016). Microstructural properties of Al-4.5Cu alloy reinforced with
TiC particulate are studied and optimum process parameters for stir casting are derived (Das et al. 2016). In a
study on reinforced Al7075, the parent group is evaluated and reinforcement of 6% SiC in Al7075 shows improved
density, hardness, bending strength, and elongation is observed (P. Kumar et al. 2018). On review of the following
pieces of literature, it is observed that research work by (P. Kumar et al. 2018) showed identical findings, thus it
can be said that the work is closely studied for this research.

Our team has extensive knowledge and research experience that has translate into high quality
publications(Bhansali et al. 2021; Jayanth et al. 2021; Sudhakar, Ravel, and Perumal 2021; Sathiyamoorthi et al.
2021; Deepanraj et al. 2021; Raju et al. 2021; Arun Prakash et al. 2020; Kamath et al. 2020; Shanmugam et al.
2021; Rajasekaran et al. 2020; Adhinarayanan et al. 2020; Rajesh et al. 2020; Aurtherson et al. 2021). Even though
a lot of research works related to metal matrix composites can be found, only a handful of works related to Al6061,
SiC, and fly ash with a higher weight fraction can be found as no comparison is made between samples with 15%
wt. This research gap is due to the limitations in the conventional stir casting method which cannot produce stable
composites at higher weight fractions with normal process parameters. In this research, we inculcate modified
optimal process parameters in stir casting to achieve a weight fraction of 15% SiC+Fly ash, which is rarely
achieved before. Then we compare the mechanical properties of AHMMC with Pure Al6061 to investigate and
conclude the enhancements in AHMMC.

Materials And Methods

Sample preparation and testing of samples as per standards are accomplished with the aid of facilities
provided by the Department of Mechanical Engineering, Saveetha School of Engineering, Saveetha Institute of
Medical and Technical Sciences, Chennai. This novel experiment is composed of 2 groups, the experimental
group (AHMMC) and the control group (As-cast Al6061). According to g power calculations with standard
deviation (0.05) and mean (0.2) for a 0.20 threshold level and 80% confidence interval (Kang 2021), it is
determined that each group should consist of a sample size of 80 which makes the total sample size to be 160.
Each sample is produced in the form of a square plate with dimensions 150x150mm and a thickness of 10mm. All
four tests were conducted on a single sample by machining out required shapes separately for each test as per
ASTM standards and it is repeated for all 160 samples.

To Prepare the Experimental group, We add two reinforcement materials with matrix material in this
research, Silicon Carbide (SiC) and Fly ash at equal proportions of 7.5% making 15% on whole. We choose
Silicon Carbide because it exhibits adequate bonding capability even though its density of 3.2g/cm? is higher than
Al6061. SiC has good thermal conductivity and strength in nature. Fly ash is a low-density (2.1g/cm®) material
readily available at a low price in the form of solid waste as a by-product of burning coal in power plants. The
addition of fly ash helps to prevent the formation of undesirable Al,Cs which may destabilize the composite. The
fly ash for this research was obtained from Ennore thermal power station and it has a particle size of 12um. The
experimental group is prepared by melting 1.5kg of industrial-grade Aluminium 6061 in a muffle furnace at a
temperature of 750°C for complete melting of the metal. The hybrid metal matrix composite is synthesized by the
stir casting method under controlled process parameters as given in Table 1. From the total weight of the molten
metal 15% is reduced. Now the molten metal is stirred in a mechanical stirrer at a speed of 1350 rpm for about 30
minutes, and powders of silicon carbide and fly ash are added at a constant interval and at definite proportions.
Proportions of SiC and fly ash are 250g and 400g respectively which is 15% (7.5%+7.5%) of 1.5kg. After 30
minutes of stirring, the liquid composite is poured into a preheated Steel mould with dimensions 150x150mm and
a thickness of 10mm to form a casting as shown in Fig 1. The mould is preheated to 250°C to avoid capturing
moisture from the atmosphere. The casting is allowed to solidify and cool for 8 hours and then the cast is retrieved.
The obtained sample is machined to obtain a smooth surface finish.

For this research to Prepare Control group, we employ standard industrial-grade Aluminium 6061.
Aluminium 6xxx series is by far the most popular material due to its effortless manufacturing process and its
consumption in various industrial components and structures that require high strength, weldability, and corrosion
resistance, such as pipes, rods, heat exchangers, ships, furniture, mechanical parts, precision processing, etc
(Georgantzia, Gkantou, and Kamaris 2021)(G. B. V. Kumar et al. 2012)(Georgantzia, Gkantou, and Kamaris
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2021). Typical Al6061 is composed of 97.9% Al, 0.6% Si, 1.0% Mg, 0.2% Cr, and 0.28% Cu with a density of
2.7g/cmd. The control group is prepared by melting 1.5kg of industrial-grade Aluminium 6061 in a muffle furnace
at 750°C temperature and directly pouring it into the preheated mould with dimensions 150x150mm and thickness
10mm to form a casting as shown in Fig 2. The casting is allowed to solidify and cool for 8 hours before retrieving
the cast. The obtained sample is machined to obtain a smooth surface finish. This process is repeated for all 80
samples.

Tensile strength is the ability of a material to withstand tearing under load. Tensile strength for samples
from both groups is conducted on a universal testing machine (UTN 40., 1/2011-4540) with 30 tonne capacity at
a constant 26°C room temperature. The required samples to conduct the tensile test were cut out in the shape of a
dogbone (M.a. and Unnikrishnan 2020) as per ASTM E8-21 standard as shown in Fig 3. The outputs obtained in
Megapascal (MPa) and also a computerized graph for Force (N) and Stroke (mm) are obtained. Compressive
strength is the ability of a material to withstand a load without a reduction in size. Compressive strength for
samples of both groups is carried out on a universal testing machine (UTN 40., 1/2011-4540) with 30 tonne
capacity at a constant 26°C room temperature.

The required samples to carry out the compressive test were machined in a cylindrical shape as per ASTM
E9 standard as shown in Fig 4. The outputs are obtained in Kilonewton (KN) and also a computerized graph for
Force (N) and Stroke (mm) are obtained. Hardness is the ability of a material to resist plastic deformation.
Hardness for individual samples from both groups is performed on a Brinell hardness tester (B-3000
OIAL/ME/09) with an indenter diameter of 5mm for a load of 0.5Kg. The testing is carried out as per Indian
Standards (IS 1501-20 P1) and the values are obtained in Vickers hardness (HV). Hardness on three different
spots is recorded in a single specimen to get a more clear understanding of the variation of accurate value.
Corrosion resistance is the ability of a material to withstand chemical or electro-chemical deterioration. The
corrosion test is carried out in an engineered space adhering to the given parameters in Table 2. The sample is
dipped in salt spray solution for 24 hours and the salt spray test is carried out as per ASTM B117-19 standards
(Okazaki and Gotoh 2005).

Statistical analysis

The SPSS (v.26) software is utilized in this research for statistical analysis. On considering the values of
Tensile Strength, Compressive strength, and hardness of experimental and control groups as dependent variables
and considering the 20 trails and aluminium group as independent variables, one-way ANOVA and post hoc
Bonferroni tests were carried out (Cox and Holcomb 2021). Bar graphs and descriptive data were obtained by
performing group statistics as tabulated in Table 3.

Results

This study is carried out in 3 broad steps, The first step is to fabricate the samples for the experimental
group and control group by taking into account the stir casting process parameters as given in Table 1. The second
step is to perform mechanical tests on the prepared samples of both groups. The corresponding test results for as-
cast aluminium are tabulated in Table 2, and results for AHMMC are tabulated in Table 3. The third and final step
is to perform a statistical analysis on the results obtained. Table 4, shows the descriptive statistics of the tests for
both groups with a 95% confidence interval. Whereas Table 5, shows the ANOVA Post Hoc Bonferroni pairwise
comparison of the material properties understudy with a 95% confidence interval.

Figure 1 shows a bar chart representing the comparison of mean values (+ 1 SD) of Tensile Strength,
Compressive Strength, and Hardness among the examined aluminium groups. From the graph, it is inferred that
the mean of AI6061 MMC with 15% weight fraction of SiC + Fly ash is better than that of as-cast Al6061.
Similarly, Fig. 2 shows the comparison of mean values (£ 1 SD) of Corrosion resistance among the examined
aluminium groups and it can be seen that the mean of as-cast AI6061 is not significantly different from that of
Al6061 MMC with a 15% weight fraction of SiC + Fly ash. The prepared samples for the Experimental and
Control groups are shown in Fig. 3 and Fig. 4 respectively and the machined Dogbone sample and cylindrical
sample for the tensile test and compressive test are shown in Fig. 5 and Fig. 6 respectively.

Discussion

The comparison was made between Aluminium hybrid metal matrix composite (experimental group) and
as-cast Aluminium 6061 based on the results obtained for tensile strength, compressive strength, hardness, and
corrosion resistance. The mean tensile strength for the experimental group and control group is found to be 37.5
MPa and 17 MPa respectively and a significant improvement of 76% in tensile strength is noted in the Aluminium
hybrid metal matrix composite (experimental group). The mean compressive strength for the experimental group
and control group is found to be 56 kN and 53 kN respectively and a significant improvement of 3% in
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compressive strength is noted in the Aluminium hybrid metal matrix composite (experimental group). The mean
hardness for the experimental group and control group is found to be 86 HV and 84 HV respectively and a
significant improvement of 4% in hardness is noted in the Aluminium hybrid metal matrix composite
(experimental group). Whereas there are no significant changes in values of corrosion resistance for both the
groups.

All the values of different mechanical tests for AHMMC (experimental group) and for as-cast
AlB061(control group) obtained in this experiment are summarized in Table 3 and these findings are very much
in correlation with the findings of (Sivananthan, Ravi, and Samuel 2020)(G. B. V. Kumar et al.
2012)(Sivananthan, Ravi, and Samuel 2020). From Fig. 2 and Fig. 3 it can be inferred that AHMMC has the
highest of all the property values under investigation. This is also evident in the study conducted by (Murugan,
Velmurugan, and Jegan 2016)(G. B. V. Kumar et al. 2012) (Murugan, Velmurugan, and Jegan 2016) where the
values are increasing with wt% and stirring time likewise exhibited in (Mali, Sonawane, and Dombale January-
2015)(G. B. V. Kumar et al. 2012)(Mali, Sonawane, and Dombale January-2015). From Table 6 it is evident that
there is a statistically significant difference in the material properties of investigated groups of aluminium (p <
0.001 one-way ANOVA) and this statement is in agreement with the findings of (Ghosh, Sahoo, and Sutradhar
2012)(G. B. V. Kumar et al. 2012)(Ghosh, Sahoo, and Sutradhar 2012). For fly ash reinforced AA6061, (Raja,
Robinson, and Dinaharan 2013)(G. B. V. Kumar et al. 2012)(Raja, Robinson, and Dinaharan 2013) managed to
show similar effects on the mechanical properties for 12% wit.

It is concluded that there is an aggregate average enhancement of 16.7% in Aluminium hybrid metal
matrix composite when compared to as-cast aluminium 6061. This study is limited by the number of tests
performed. Furthermore, tests like the surface roughness of the drilled holes can be performed to determine their
application in the threading and fabrication processes. The obtained property values of AHMMC (with a 15%
weight fraction of Sic+Fly ash) are valid only for 1350 rpm and a temperature of 600°C used, contrasting to the
standard 500 rpm and 850°C. These results from this study can be interpreted and integrated for special application
materials and for future studies. This research work will be extended in the future by varying the stir casting
temperature, reinforcement preheating temperature, stir casting rotational speed, and stirring time.

Conclusion

Thus the motive of the research, which is to cast an aluminium hybrid composite with a 15% weight
fraction of silicon carbide and fly ash using stir casting and compare the results of various mechanical tests such
as tensile strength (as-cast Al6061: 17 MPa, AHMMC: 37.5 MPa), compressive strength (as-cast Al6061: 53 kN,
AHMMC: 56 kN), hardness (as-cast Al6061: 84 HV, AHMMC: 86 HV), and corrosion resistance (as-cast Al6061:
0.85, AHMMC: 0.83) against the control group which is the as-cast aluminium 6061 is achieved. Analysis of the
results and output tells that there is a significant improvement of 29.27% in the overall Mechanical properties of
the aluminium hybrid metal Matrix composite whereas there is no change in corrosion resistance for a test of 24
hours. Within the limitations of this study, aluminium hybrid composite has greater mechanical properties than
as-cast aluminium 6061. This result and methods can be adopted and utilized in industrial manufacturing and
applications of special materials.

DECLARATIONS:
Conflict of Interests
The authors of this paper declare no conflict of interest.

Authors' Contribution
Author LR was involved in data collection, data analysis, and manuscript writing. Author GB was involved in the
conceptualization, data validation and critical review of the manuscript.

Acknowledgment

The authors would like to express their gratitude towards Saveetha School of Engineering, Saveetha Institute of
Medical and Technical Sciences (Formerly known as Saveetha University) for providing the necessary
infrastructure to carry out this work successfully.

Funding:
We thank our financial sponsors for the financial support that enabled us to complete this study.
1. Gemmat Enterprises, Chennai.
2. Saveetha University
3. Saveetha Institute of Medical and Technical Sciences
4. Saveetha School of Engineering

'ournal of Pharmaceutical Negative Results | Volume 13 | Special Issue 4 | 2022



https://paperpile.com/c/VoeOHR/hBOL
https://paperpile.com/c/VoeOHR/hBOL
https://paperpile.com/c/VoeOHR/VJ2UU
https://paperpile.com/c/VoeOHR/VJ2UU
https://paperpile.com/c/VoeOHR/LcaZ
https://paperpile.com/c/VoeOHR/LcaZ
https://paperpile.com/c/VoeOHR/VJ2UU
https://paperpile.com/c/VoeOHR/LcaZ
https://paperpile.com/c/VoeOHR/4qs9
https://paperpile.com/c/VoeOHR/4qs9
https://paperpile.com/c/VoeOHR/VJ2UU
https://paperpile.com/c/VoeOHR/VJ2UU
https://paperpile.com/c/VoeOHR/K6PV
https://paperpile.com/c/VoeOHR/K6PV
https://paperpile.com/c/VoeOHR/VJ2UU
https://paperpile.com/c/VoeOHR/VJ2UU
https://paperpile.com/c/VoeOHR/DWZi
https://paperpile.com/c/VoeOHR/DWZi
https://paperpile.com/c/VoeOHR/VJ2UU
https://paperpile.com/c/VoeOHR/VJ2UU

R. Lubin Raj, et al.: Novel investigation on tensile strength, compressive strength, hardness, and corrosion resistance of Al6061 hybrid
composite with 15 % weight fraction of Silicon carbide and Fly ash and comparing the outputs with as-cast Aluminium 6061

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Adhinarayanan, Rajesh, Aravindh Ramakrishnan, Gopal Kaliyaperumal, Melvinvictor De Poures, Rajesh Kumar Babu, and
Damodharan Dillikannan. 2020. “Comparative Analysis on the Effect of 1-Decanol and Di-N-Butyl Ether as Additive with
diesel/LDPE Blends in Compression Ignition Engine.” Energy Sources, Part A: Recovery, Utilization, and Environmental Effects,
June, 1-18.

Arun Prakash, V. R., J. Francis Xavier, G. Ramesh, T. Maridurai, K. Siva Kumar, and R. Blessing Sam Raj. 2020. “Mechanical,
Thermal and Fatigue Behaviour of Surface-Treated Novel Caryota Urens Fibre—reinforced Epoxy Composite.” Biomass
Conversion and Biorefinery, August. https://doi.org/10.1007/s13399-020-00938-0.

Ashwath, P., and M. Anthony Xavior. 2016. “Processing Methods and Property Evaluation of AI203 and SiC Reinforced Metal
Matrix Composites Based on Aluminium 2xxx Alloys.” Journal of Materials Research. https://doi.org/10.1557/jmr.2016.131.
Aurtherson, P. Babu, Bhanu Teja Nalla, Karthikeyan Srinivasan, Kulmani Mehar, and Yuvarajan Devarajan. 2021. “Biofuel
Production from Novel Prunus Domestica Kernel Oil: Process Optimization Technique.” Biomass Conversion and Biorefinery,
May. https://doi.org/10.1007/s13399-021-01551-5.

Bhansali, Karan J., Kamlesh R. Balinge, Subodh U. Raut, Shubham A. Deshmukh, M. Senthil Kumar, C. Ramesh Kumar, and
Pundlik R. Bhagat. 2021. “Visible Light Assisted Sulfonic Acid-Functionalized Porphyrin Comprising Benzimidazolium Moiety
for Photocatalytic Transesterification of Castor Oil.” Fuel 304 (November): 121490.

Cox, Keith S., and Zealure C. Holcomb. 2021. “One-Way ANOVA with Post Hoc Tests.” Interpreting Basic Statistics.
https://doi.org/10.4324/9781003096764-48.

Das, Biswajit, Susmita’ Roy, Ram Naresh, and Saha. 2016. “Development of an in-Situ Synthesized Multi-Component Reinforced
Al-4.5%Cu-TiC Metal Matrix Composite by FAS Technique — Optimization of Process Parameters.” Engineering Science and
Technology, an International Journal 19 (1): 279-91.

Deepanraj, B., N. Senthilkumar, D. Mala, and A. Sathiamourthy. 2021. “Cashew Nut Shell Liquid as Alternate Fuel for CI
Engine—optimization Approach for Performance Improvement.” Biomass Conversion and Biorefinery, February.
https://doi.org/10.1007/s13399-021-01312-4.

Georgantzia, Evangelia, Michaela Gkantou, and George S. Kamaris. 2021. “Aluminium Alloys as Structural Material: A Review
of Research.” Engineering Structures 227 (January): 111372.

Ghosh, Shouvik, Prasanta Sahoo, and Goutam Sutradhar. 2012. “Wear Behaviour of Al-SiCp Metal Matrix Composites and
Optimization Using Taguchi Method and Grey Relational Analysis.” Journal of Minerals and Materials Characterization and
Engineering 11 (November): 1085-94.

H. C. Anilkumar, H. S. Hebbar, and K. S. Ravishankar. 2011. “Mechanical Properties of Fly Ash Reinforced Aluminum Alloy
Composites.” Nuclear Engineering and Design/fusion: An International Journal Devoted to the Thermal, Mechanical, Materials,
Structural, and Design Problems of Fusion Energy 6: 225-33.

Jayanth, Bellappu Venkat, Melvin Victor Depoures, Gopal Kaliyaperumal, Damodharan Dillikannan, Dilipsingh Jawahar,
Kumaran Palani, and Ganesha Prasad Meravanigee Shivappa. 2021. “A Comprehensive Study on the Effects of Multiple Injection
Strategies and Exhaust Gas Recirculation on Diesel Engine Characteristics That Utilize Waste High Density Polyethylene Oil.”
Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, June, 1-18.

Kamath, Manjunath, Subha Krishna Rao, Jaison, Sridhar, Kasthuri, Gopinath, Sivaperumal, and Shantanu Patil. 2020. “Melatonin
Delivery from PCL Scaffold Enhances Glycosaminoglycans Deposition in Human Chondrocytes — Bioactive Scaffold Model for
Cartilage Regeneration.” Process Biochemistry 99 (December): 36-47.

Kang, Hyun. 2021. “Sample Size Determination and Power Analysis Using the G*Power Software.” Journal of Educational
Evaluation for Health Professions 18 (July). https://doi.org/10.3352/jeehp.2021.18.17.

Kumar, G. B. Veeresh, G. B. Veeresh Kumar, C. S. P. Rao, and N. Selvaraj. 2012. “Studies on Mechanical and Dry Sliding Wear
of Al6061-SiC Composites.” Composites Part B: Engineering. https://doi.org/10.1016/j.compositesh.2011.08.046.

Kumar, Parmesh, B. P. Vijay Kumar, R. Joshi, T. H. Manjunatha, and R. Suresh kumar. 2018. “Evaluation of Al7075 Reinforced
with SiC for Its Mechanical Properties & Surface Roughness by Drilling.” Materials Today: Proceedings.
https://doi.org/10.1016/j.matpr.2018.10.313.

Mali, Amol, S. A. Sonawane, and Sachin Dombale. January-2015. “Effect of Hybrid Reinforcement on Mechanical Behavior of
Aluminium Matrix Composite.” International Journal of Engineering Research & Technology (IJERT) 1 (4): 130-33.

M.a., Unnikrishnan, and M. A. Unnikrishnan. 2020. “Tensile Strength Comparison of Friction Stir Welded Magnesium Alloys
Using ASTM / ASME Standards.” Journal of Advanced Research in Dynamical and Control Systems.
https://doi.org/10.5373/jardcs/v12i7/20202009.

Murugan, Senthil, M. Velmurugan, and V. Jegan. 2016. “Characterization and Optimisation of Al6061-Flyash-SiC Composite in
Fabrication Process Using Taguchi Method.” Indian Foundry Journal 62 (8): 34-38.

Okazaki, Y., and E. Gotoh. 2005. “Corrosion Resistance, Mechanical Properties, Fatigue Properties, and Tissue Response of Ti-
15Zr-4Nb-4Ta Alloy.” Journal of ASTM International. https://doi.org/10.1520/jai12783.

Raja, David, Robinson, and Dinaharan. 2013. “Microstructure and Some Mechanical Properties of Fly Ash Particulate Reinforced
AAB061 Aluminum Alloy Composites Prepared by Compocasting.” Materials & Design 49 (August): 28-34.

Rajasekaran, S., D. Damodharan, K. Gopal, B. Rajesh Kumar, and Melvin Victor De Poures. 2020. “Collective Influence of 1-
Decanol Addition, Injection Pressure and EGR on Diesel Engine Characteristics Fueled with diesel/LDPE Oil Blends.” Fuel 277
(October): 118166.

Rajesh, A., K. Gopal, De Poures Melvin Victor, B. Rajesh Kumar, A. P. Sathiyagnanam, and D. Damodharan. 2020. “Effect of
Anisole Addition to Waste Cooking Oil Methyl Ester on Combustion, Emission and Performance Characteristics of a DI Diesel
Engine without Any Modifications.” Fuel 278 (October): 118315.

Raju, P., K. Raja, K. Lingadurai, T. Maridurai, and S. C. Prasanna. 2021. “Glass/Caryota Urens Hybridized Fibre-Reinforced
nanoclay/SiC Toughened Epoxy Hybrid Composite: Mechanical, Drop Load Impact, Hydrophobicity and Fatigue Behaviour.”
Biomass Conversion and Biorefinery, March. https://doi.org/10.1007/s13399-021-01427-8.

Ravi, B., B. Balu Naik, and J. Udaya Prakash. 2015. “Characterization of Aluminium Matrix Composites (AA6061/B4C)
Fabricated by Stir Casting Technique.” Materials Today: Proceedings. https://doi.org/10.1016/j.matpr.2015.07.282.

Sandeep Kumar Ravesh, Dr T. K. Garg. November- December 2012. “Prepration & Analysis For Some Mechanical Property Of
Aluminium Based Metal Matrix Composite Reinforced With Sic & Fly Ash.” International Journal of Engineering Research and
Applications 2 (6): 727-31.

Sathiyamoorthi, Ramalingam, Gomathinayakam Sankaranarayanan, Dinesh Babu Munuswamy, and Yuvarajan Devarajan. 2021.
“Experimental Study of Spray Analysis for Palmarosa Biodiesel-diesel Blends in a Constant Volume Chamber.” Environmental

'ournal of Pharmaceutical Negative Results | Volume 13 | Special Issue 4 | 2022



http://paperpile.com/b/VoeOHR/FxrJV
http://paperpile.com/b/VoeOHR/FxrJV
http://paperpile.com/b/VoeOHR/FxrJV
http://paperpile.com/b/VoeOHR/FxrJV
http://paperpile.com/b/VoeOHR/FxrJV
http://paperpile.com/b/VoeOHR/FxrJV
http://paperpile.com/b/VoeOHR/tQzkr
http://paperpile.com/b/VoeOHR/tQzkr
http://paperpile.com/b/VoeOHR/tQzkr
http://paperpile.com/b/VoeOHR/tQzkr
http://paperpile.com/b/VoeOHR/tQzkr
http://paperpile.com/b/VoeOHR/tQzkr
http://paperpile.com/b/VoeOHR/tQzkr
http://paperpile.com/b/VoeOHR/fXGNm
http://paperpile.com/b/VoeOHR/fXGNm
http://paperpile.com/b/VoeOHR/fXGNm
http://paperpile.com/b/VoeOHR/fXGNm
http://dx.doi.org/10.1557/jmr.2016.131
http://dx.doi.org/10.1557/jmr.2016.131
http://paperpile.com/b/VoeOHR/2cQMh
http://paperpile.com/b/VoeOHR/2cQMh
http://paperpile.com/b/VoeOHR/2cQMh
http://paperpile.com/b/VoeOHR/2cQMh
http://paperpile.com/b/VoeOHR/2cQMh
http://paperpile.com/b/VoeOHR/2cQMh
http://paperpile.com/b/VoeOHR/2cQMh
http://paperpile.com/b/VoeOHR/cmU0y
http://paperpile.com/b/VoeOHR/cmU0y
http://paperpile.com/b/VoeOHR/cmU0y
http://paperpile.com/b/VoeOHR/cmU0y
http://paperpile.com/b/VoeOHR/cmU0y
http://paperpile.com/b/VoeOHR/kKyl
http://paperpile.com/b/VoeOHR/kKyl
http://paperpile.com/b/VoeOHR/kKyl
http://paperpile.com/b/VoeOHR/kKyl
http://dx.doi.org/10.4324/9781003096764-48
http://dx.doi.org/10.4324/9781003096764-48
http://paperpile.com/b/VoeOHR/wiGC
http://paperpile.com/b/VoeOHR/wiGC
http://paperpile.com/b/VoeOHR/wiGC
http://paperpile.com/b/VoeOHR/wiGC
http://paperpile.com/b/VoeOHR/wiGC
http://paperpile.com/b/VoeOHR/kkLmX
http://paperpile.com/b/VoeOHR/kkLmX
http://paperpile.com/b/VoeOHR/kkLmX
http://paperpile.com/b/VoeOHR/kkLmX
http://paperpile.com/b/VoeOHR/kkLmX
http://paperpile.com/b/VoeOHR/kkLmX
http://paperpile.com/b/VoeOHR/kkLmX
http://paperpile.com/b/VoeOHR/39sK
http://paperpile.com/b/VoeOHR/39sK
http://paperpile.com/b/VoeOHR/39sK
http://paperpile.com/b/VoeOHR/39sK
http://paperpile.com/b/VoeOHR/K6PV
http://paperpile.com/b/VoeOHR/K6PV
http://paperpile.com/b/VoeOHR/K6PV
http://paperpile.com/b/VoeOHR/K6PV
http://paperpile.com/b/VoeOHR/K6PV
http://paperpile.com/b/VoeOHR/OrvZ5
http://paperpile.com/b/VoeOHR/OrvZ5
http://paperpile.com/b/VoeOHR/OrvZ5
http://paperpile.com/b/VoeOHR/OrvZ5
http://paperpile.com/b/VoeOHR/OrvZ5
http://paperpile.com/b/VoeOHR/Z6zoY
http://paperpile.com/b/VoeOHR/Z6zoY
http://paperpile.com/b/VoeOHR/Z6zoY
http://paperpile.com/b/VoeOHR/Z6zoY
http://paperpile.com/b/VoeOHR/Z6zoY
http://paperpile.com/b/VoeOHR/Z6zoY
http://paperpile.com/b/VoeOHR/iiorY
http://paperpile.com/b/VoeOHR/iiorY
http://paperpile.com/b/VoeOHR/iiorY
http://paperpile.com/b/VoeOHR/iiorY
http://paperpile.com/b/VoeOHR/iiorY
http://paperpile.com/b/VoeOHR/eXCD
http://paperpile.com/b/VoeOHR/eXCD
http://paperpile.com/b/VoeOHR/eXCD
http://paperpile.com/b/VoeOHR/eXCD
http://dx.doi.org/10.3352/jeehp.2021.18.17
http://dx.doi.org/10.3352/jeehp.2021.18.17
http://paperpile.com/b/VoeOHR/VJ2UU
http://paperpile.com/b/VoeOHR/VJ2UU
http://paperpile.com/b/VoeOHR/VJ2UU
http://paperpile.com/b/VoeOHR/VJ2UU
http://dx.doi.org/10.1016/j.compositesb.2011.08.046
http://dx.doi.org/10.1016/j.compositesb.2011.08.046
http://paperpile.com/b/VoeOHR/zIuu
http://paperpile.com/b/VoeOHR/zIuu
http://paperpile.com/b/VoeOHR/zIuu
http://paperpile.com/b/VoeOHR/zIuu
http://paperpile.com/b/VoeOHR/zIuu
http://paperpile.com/b/VoeOHR/zIuu
http://paperpile.com/b/VoeOHR/zIuu
http://paperpile.com/b/VoeOHR/4qs9
http://paperpile.com/b/VoeOHR/4qs9
http://paperpile.com/b/VoeOHR/4qs9
http://paperpile.com/b/VoeOHR/4qs9
http://paperpile.com/b/VoeOHR/8n92
http://paperpile.com/b/VoeOHR/8n92
http://paperpile.com/b/VoeOHR/8n92
http://paperpile.com/b/VoeOHR/8n92
http://paperpile.com/b/VoeOHR/8n92
http://paperpile.com/b/VoeOHR/8n92
http://paperpile.com/b/VoeOHR/8n92
http://paperpile.com/b/VoeOHR/LcaZ
http://paperpile.com/b/VoeOHR/LcaZ
http://paperpile.com/b/VoeOHR/LcaZ
http://paperpile.com/b/VoeOHR/LcaZ
http://paperpile.com/b/VoeOHR/YJAb
http://paperpile.com/b/VoeOHR/YJAb
http://paperpile.com/b/VoeOHR/YJAb
http://paperpile.com/b/VoeOHR/YJAb
http://dx.doi.org/10.1520/jai12783
http://dx.doi.org/10.1520/jai12783
http://paperpile.com/b/VoeOHR/DWZi
http://paperpile.com/b/VoeOHR/DWZi
http://paperpile.com/b/VoeOHR/DWZi
http://paperpile.com/b/VoeOHR/DWZi
http://paperpile.com/b/VoeOHR/VKHPU
http://paperpile.com/b/VoeOHR/VKHPU
http://paperpile.com/b/VoeOHR/VKHPU
http://paperpile.com/b/VoeOHR/VKHPU
http://paperpile.com/b/VoeOHR/VKHPU
http://paperpile.com/b/VoeOHR/Oq0Tt
http://paperpile.com/b/VoeOHR/Oq0Tt
http://paperpile.com/b/VoeOHR/Oq0Tt
http://paperpile.com/b/VoeOHR/Oq0Tt
http://paperpile.com/b/VoeOHR/Oq0Tt
http://paperpile.com/b/VoeOHR/M5Eji
http://paperpile.com/b/VoeOHR/M5Eji
http://paperpile.com/b/VoeOHR/M5Eji
http://paperpile.com/b/VoeOHR/M5Eji
http://dx.doi.org/10.1007/s13399-021-01427-8
http://dx.doi.org/10.1007/s13399-021-01427-8
http://paperpile.com/b/VoeOHR/A8ZPX
http://paperpile.com/b/VoeOHR/A8ZPX
http://paperpile.com/b/VoeOHR/A8ZPX
http://paperpile.com/b/VoeOHR/A8ZPX
http://dx.doi.org/10.1016/j.matpr.2015.07.282
http://dx.doi.org/10.1016/j.matpr.2015.07.282
http://paperpile.com/b/VoeOHR/eSBo
http://paperpile.com/b/VoeOHR/eSBo
http://paperpile.com/b/VoeOHR/eSBo
http://paperpile.com/b/VoeOHR/eSBo
http://paperpile.com/b/VoeOHR/eSBo
http://paperpile.com/b/VoeOHR/36yvF
http://paperpile.com/b/VoeOHR/36yvF
http://paperpile.com/b/VoeOHR/36yvF

R. Lubin Raj, et al.: Novel investigation on tensile strength, compressive strength, hardness, and corrosion resistance of Al6061 hybrid
composite with 15 % weight fraction of Silicon carbide and Fly ash and comparing the outputs with as-cast Aluminium 6061

28.

29.

30.

31.

Progress & Sustainable Energy 40 (6). https://doi.org/10.1002/ep.13696.

Shanmugam, Rajasekaran, Damodharan Dillikannan, Gopal Kaliyaperumal, Melvin Victor De Poures, and Rajesh Kumar Babu.
2021. “A Comprehensive Study on the Effects of 1-Decanol, Compression Ratio and Exhaust Gas Recirculation on Diesel Engine
Characteristics Powered with Low Density Polyethylene Oil.” Energy Sources, Part A: Recovery, Utilization, and Environmental
Effects 43 (23): 3064-81.

Sivananthan, Ravi, and Samson Jerold Samuel. 2020. “Effect of SiC Particles Reinforcement on Mechanical Properties of
Aluminium 6061 Alloy Processed Using Stir Casting Route.” Materials Today: Proceedings 21 (January): 968-70.

Sudhakar, M. P., Merlyn Ravel, and K. Perumal. 2021. “Pretreatment and Process Optimization of Bioethanol Production from
Spent Biomass of Ganoderma Lucidum Using Saccharomyces Cerevisiae.” Fuel 306 (December): 121680.

Yalcina, and Akbulut. 2006. “Dry Wear Properties of A356-SiC Particle Reinforced MMCs Produced by Two Melting Routes.”
Materials & Design 27 (10): 872-81.

TABLES AND FIGURES

Table 1. Stir casting Process Parameters

S.no Parameter Value

1 Temperature 600°C

2 Speed 1350 rpm

3 Duration 30 minutes

4 Powder adding interval 8 minutes

5 Powder adding proportions 1.8%
Table 2. Parameters of Corrosion test

S.no Test Conditions Values

1 Chamber Temperature 34.1-34.8°C

2 pH of Solution 6.6-6.9

3 Air Pressure 15 psi

4 Concentration of sodium chloride 5.1-5.4%

5 Collection of solution per hour 1.1-15ml

6 Test hours 24 hours

Table 3. Tensile strength, Compressive strength, Hardness, and Corrosion resistance values of as-cast

Aluminium 6061

SIL.No Tensile strength Compressive Corrosion resistance | Hardness (HV)
(MPa) strength (KN) (mm/year)

1 12.73 52.86 0.967 73

2 14.71 51.09 0.748 74

3 16.7 51.76 0.77 73

4 18.88 52.44 0.784 70
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5 12.06 52.61 0.641 68
6 11.53 51.71 1.141 68
7 17.63 52.15 0.814 66
8 13.95 52.37 0.593 73
9 14.44 51.78 1.015 75
10 16.2 52.81 1.168 75
11 17.23 51.38 0.794 72
12 12.55 51.36 1.272 71
13 12.03 51.18 0.896 69
14 13.58 51.46 0.658 75
15 12.19 52.22 1.122 70
16 17.88 52.93 0.699 73
17 17.33 52.92 1.107 72
18 14.5 52.82 0.828 67
19 17.98 51.66 0.535 69
20 17.85 52.87 1.224 70
Table 4. Tensile strength, Compressive strength, Hardness, and Corrosion resistance values of Aluminium 6061
Hybrid composite with 15% SiC and Flyash
SI.No Tensile strength Compressive Corrosion resistance | Hardness (HV)
(MPa) strength (kN) (mmlyear)
1 32.92 55.2 0.764 69
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2 35.68 55.47 0.878 72
3 34.01 54.77 1.659 75
4 37.57 55.8 1.146 73
5 33.42 54.38 1.299 69
6 38.2 54.56 0.856 72
7 34.85 54.23 0.759 74
8 35.08 55.77 0.518 76
9 36.5 55.32 1.024 74
10 37.02 54.36 0.452 69
11 38.97 54.26 0.901 73
12 32.67 54.5 0.95 75
13 36.05 55.39 0.574 70
14 36.55 55.84 0.709 74
15 35.73 54.82 0.692 71
16 37.62 55.48 0.765 72
17 35.48 55.03 0.507 70
18 38.8 55.91 0.726 73
19 325 54.75 0.69 69
20 36.75 54.76 0.916 71
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Table 5. Descriptive table showing the comparison of material properties of different aluminium groups with
95% confidence interval.

Descriptives
95% Confidence
Std. Std. Interval for Mean | Minimu Maximu
N | Mean Deviatio | Error m m
n Lower | Upper
Bound | Bound
Tensile Al6061 2 |15.097 | 2.45093 | 0.54804 | 13.950 | 16.244 | 11.53 18.88
Strength 0 |5 4 6
AHMM |2 |35.818 |1.97545 | 0.44172 | 34.894 | 36.743 | 32.50 38.97
C 0[5 0 0
Total 4 | 25.458 | 1.12007 | 1.69499 | 22.029 | 28.886 | 11.53 38.97
0 (0 6 4
Compressiv | Al6061 2 152119 | 0.64557 0.14435 | 51.816 | 52.421 | 51.09 52.93
e Strength 0 |0 9 1
AHMM |2 |55.030 | 0.56563 | 0.12648 | 54.765 | 55.294 | 54.23 55.91
C (O 0} 3 7
Total 4 |[53.574 | 159113 | 0.25158 | 53.065 | 54.083 | 51.09 55.91
0[5 6 4
Corrosion Al6061 2 10.8888 | 0.223773 | 0.05003 | 0.7840 | 0.9935 | 0.535 1.272
Resistance 0 f|o 7 7 3
AHMM |2 |0.8392 | 0.286597 | 0.06408 | 0.7051 | 0.9733 | 0.452 1.659
C 0[5 5 2 8
Total 4 |0.8640 | 0.255031 | 0.04032 | 0.7824 | 0.9455 | 0.452 1.659
0 |2 4 6 9
Hardness Al6061 2 | 7135 3.014 0.674 69.94 72.76 66 76
0
AHMM |2 | 72.05 2.235 0.500 71.00 73.10 69 76
C 0
Total 4 |71.70 2.643 0.418 70.85 72.55 66 76
0

Table 6. ANOVA table showing the statistically significant difference in material properties among the
examined aluminium groups. It is observed that on performing One-Way ANOVA, there is a statistical
significant difference for all the investigated properties (p<0.05).

ANOVA

Sum of Squares df Mean Square F Sig.
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Mean

L4

al

.‘0 I
o -

Alumsnium 6061

Tensile Al6061 4293.598 1 4293.598 866.567 0.001
Strength
AHMMC 188.279 38 4,955
Total 4481.878 39
Compressive | Al6061 84.739 1 84.739 230.053 0.001
Strength
AHMMC 13.997 38 0.368
Total 98.736 39
Corrosion Al6061 0.025 1 0.025 0.371 0.036
Resistance
AHMMC 2.512 38 0.066
Total 2.537 39
Hardness Al6061 4,900 1 4,900 0.696 0.009
AHMMC 267.500 38 7.039
Total 272.400 39
B Tensie Strength
W Compressive Strangth
[ M Hargness

AHMMC
Test Group

Errar 8ars: 95% Cl
Error Bars: +- 1 SO
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Fig. 1. Bar chart showing the comparison of mean values of Tensile Strength, Compressive Strength, and
Hardness among the examined aluminium groups. The mean of Al6061 MMC with 15% weight fraction of SiC
+ Fly ash is better than that of as-cast AI6061. X-axis: Al6061 MMC with 15% SiC + Fly ash vs as-cast
aluminium 6061. Y-axis: Mean value of properties £ 1 SD

0800 |-

0300

Mean Corrosion Resistance

0.200

000
Aluminium 6061 AHMMC

Test Group

Error Bars. 95% C1
Error Bars: +/-1 80

Fig. 2. Bar chart showing the comparison of mean values of Corrosion resistance among the examined
aluminium groups. The mean of as-cast Al6061 is not significantly different from that of AI6061 MMC with
15% weight fraction of SiC + Fly ash. X-axis: Al6061 MMC with 15% SiC + Fly ash vs as-cast aluminium
6061. Y-axis: Mean value of properties + 1 SD

Fig. 3. Experimental Group(Al6061+SiC+Fly ash) Sample
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Fig. 4. Control Group(as-cast Al6061) Sample

Fig. 5. Tensile test Dogbone sample
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Fig. 6. Compressive test cylindrical sample
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