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ABSTRACT. The current work aims to investigate the mechanical properties
of rare oxide reinforced Mg alloy based MMCs. Magnesium matrix considered
in the study is AZ91D alloy, whereas rare earth oxides reinforced were CeO:
and Y»O;. The Y»O; particulate reinforcement percentage was varied from 1
to 3% in the steps of 1% to study its influence on mechanical properties of
MMCs. Stir casting route was adopted to fabricate sample for study.
Microstructure analysis illustrated the uniform distribution of particulate in
matrix alloys. The obtained results revealed the enhanced mechanical
properties such as tensile strength, yield strength, elongation and hardness of
MMCs due to increased percentage of reinforcement. Fractography analysis
of fracture surfaces demonstrated the microcracks and cleavage were
dominant in pure alloy. While particle debonding, extensive plastics
deformation were prominent in-addition to microcracks in MMCs.
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INTRODUCTION

Metal matrix composites (MMCs) have shown promising characteristics to meet demand of aerospace and

T he low-density alloys and its composites are in high demand due to their versatile properties offered at low weight.

spacecraft application which highly demands high specific modulus and high specific strength. Besides, particulate

reinforcements comptising carbide, oxide and nitride based ceramics have enhanced the range of applications of metal
matrix composites. Commonly employed reinforcements are SiC, TiO», TiC, Z1Oa, SiO», B4C, graphite, MoS,, etc. These
developments have shown the path for further replacement of monolithic alloys in many engineering applications [1-5].
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Magnesium (Mg) alloys were found to be more suitable and finding increased low weight applications due to its low
density. In addition, Mg alloys as matrix material in MMCs demonstrated excellent characteristics and, also lighter than
steel and aluminium [6]. Hence, Mg alloy based MMCs are widely used in structural, automotive, clinical applications.
Haghshenas [7] presented an overview of various types of Mg alloys for biomedical applications and mechanical
characteristics of biodegradable Mg based MMCs. Research reports published in the recent decade has paid lot of
attention to explore the advantages of Mg alloys and its composites. Mehra et al. [8] illustrated that TiC addition to RZ5
Mg matrix has considerably enhanced tensile strength and hardness of MMC. Though, grain size has reduced and
exhibited mixed mode fracture behavior due to TiC incorporation. Huang and Ali [9] shown that SiC particulate
reinforced AZ61 Mg MMC yields better elastic modulus compared pure AZ61 alloy. Dey and Pandey [10] presented an
comprehensive review of characterization of Mg based MMCs. The authors stated that, addition of B4C particles improves
interfacial bonding and flexural strength of Mg based MMCs. While fiber reinforcement in Mg MMCs improves tensile
strength at the cost of ductility. Ravichandran et al. [11] depicted that increase in the B4C concentration in B4C/Mg MMC
resulted in the increase of compressive strength and hardness. Fang et al. [12] illustrated that TiB; addition to Mg alloys
aids for the grain refinement and also helps to enhance strength and ductility simultaneously. Meher et al. [13] investigated
the influence of TiB2 % on mechanical properties of TiB,/Mg MMC. The study revealed that 8% TiB; addition increase
tensile strength of composite, besides further improvement was achieved through solution treatment of composites.
Huang et al. [14] studied the influence of hybrid reinforcement on microstructure and mechanical properties of AZ61 Mg
composites. The SiC and ALO; loaded hybrid nanocomposites shown improved hardness, tensile and compressive
characteristics. Vijayakumar et al. [15] demonstrated that SiC and boron nitride reinforced hybrid Mg based MMCs
Karuppusamy et al. [10] revealed tungsten carbide reinforcement into Mg MMCs has enhanced its load bearing capacity
coupled with considerable weight reduction. Khrustalyov et al. [17] illustrated that aluminum nitride nano particles
incorporation into Mg enhances the yield strength, tensile strength and plasticity of AZ91 alloy. Thus, hybrid and
nanoparticle reinforced Mg based MMCs have resulted better mechanical properties compared to monotype
reinforcements. The rare earth elements and particles are other advanced reinforcement types which are explored in the
past few years. They have shown promising results with better reinforcement characteristics. Yuan et al. [18] studied the
influence of reinforcement of rare earth oxides on microstructure and castable properties of alumina-magnesia alloys. Tun
et al. [19] depicted that yttria addition has improved the yield and tensile strength of AZ41 Mg alloy without losing
ductility. While yttria addition to AZ51 Mg alloy has shown enhanced compressive strength at same ductility. Further, in
both cases fine refined grain structures were obtained due to addition of yttria (Y2O3) and helped to elimination of coarse
and needle structured intermetallics formed during casting of AZ51 and AZ41 alloy. Ponappa et al. [20] have proved that
Y>0s3 particles incorporation to AZ91D alloy enhances hardness, Youngs modulus and yield strength of alloy and greatly
influences on the microstructure as well as aids for grain refinement. Sharma and Kumar [21] shown that rare earth
compound CeO: particles addition to Al6061/ SiC/AlO3; hybrid MMC improves the hardness and causes grain
refinement significantly resulting smooth and fine structure. Also, ultimate tensile strength and ductility improvement
were also observed due to CeOz loading. The reported literatures paid attention on improving the mechanical properties
and microstructural characteristics through various micro or macro inorganic and organic particles to pure magnesium
alloys. In addition recent literatures have demonstrated that, rare earth elements or compound particles also enhances the
mechanical properties without reduction of ductility and helps to obtain very fine and smooth microstructure of MMCs.
However, there is a lot of scope to investigate the rare earth particulate reinforcements on mechanical and microstructural
characterization of Mg alloys. Further, AZ91D alloy finds wide range of automotive applications [22, 23]. Besides, it has
been less studied. In this regard, current work attempts to study effect of rare earth oxides viz. Y20; and CeOs
incorporation to AZ91D alloy on its mechanical and microstructure properties.

EXPERIMENTAL PROCEDURES

Materials and specimen fabrication
agnesium alloys are widely employed in light weight structural applications like automobile, aircraft, power tool
‘ \ / I industries. The properties of Mg alloys can be improved through alloying and reinforcement of particulates
such as rare earth oxides. Current research employs Y203 and CeOz powders of 5um size as reinforcements in
the AZ91D matrix based MMC. The percentage of reinforcement was varied and different specimens were fabricated.
The composition of matrix alloy is illustrated in Tab. 1.
In the present investigation, preparation of specimen was employed in two stages. In the first stage, AZ91D alloy was
prepared by using the pure magnesium with 99.99% purity metal ingots, pure Aluminum with 99.99% purity metal ingots,
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pure Zinc with 99.99% purity metal ingots, and AI20Mn ingots were melted in a crucible. A microprocessor-monitored
electrical resistance furnace under mixture of Argon 98% and 2% SF6 gases environment was used for heating and metals
got melting and stirred well and get the AZ91D alloy. In the second phase, Magnesium alloy AZ91D based hybrid MMCs
reinforced with different weight percentages of Y203 of Wt. 1%, 2% 3% and CeO; of Wt. 1% was fabricated through stir-
casting method (Fig. 1). The pure Y203 and CeO: powders of 5um size and 99.99% purity was procured from US
Research Nanomaterials, Inc., USA. The required amount of reinforcement particles was pre-heated. Preheated
reinforcements were added to the Magnesium alloy crucible. The customized steel stirrer was utilized to attain uniform
dispersion of particulates. The molten mixture was rotated with the help of stirrer at 600 rpm speed for 4 min at 650°C.
The melt was then heated to 700°C and poured into a preheated die steel mold. While desired specimens were yielded for
mechanical and microstructural characterization as per ASTM standards.

Element Al /n Mn Fe Cu Ni Si Other Mg
wt % 9.1 0.85 0.15 0.005 0.003 0.002 0.05 0.03 Bal.

Table 1: The Chemical composition (wt. %) AZ91D alloy.
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Figure 2: Specifications of tensile test sample (a) Dimensions of the model in mm as per ASTM E8M-16A and (b) Tensile test
specimens as per ASTM E8M-106A.

Materials Characterization

Tensile test specimens (Fig. 2) were yielded from the obtained casts as per ASTM E8M-16A standard. According to the
ASTM E8M-106A standard, tensile test sample were prepared using CNC machine with gauge length of 30 mm and
diameter of 6 mm. The specifications of tensile test sample model and test specimen as per ASTM ES8M-16A are shown in
Fig. 2. Subsequently, tensile testing was carried out to investigate tensile properties of prepared samples.
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Rockwell ball hardness tests were performed to study hardness properties of prepared samples as per ASTM E18-20
standard and optical microscopy was used to study microstructural characteristics and to examine uniform distribution of
particles in matrix alloy. Finally, scanning electron microscopy (SEM) images of failed specimens were analyzed to study
their fracture behavior.

RESULTS AND DISCUSSION

Microstructural characterization

he rare earth compounds viz. Y203 and CeOs were incorporated into AZ91D Mg alloy in the current work.

Microstructure of prepared samples of MMCs were studied through optical microscopy as illustrated in Fig. 3 (a) —

(d). The microstructure of alloy and MMCs revealed the dispersion of B-phase in a-phase and neatly uniform
distribution of particulates in the matrix. Further, pure matrix alloy illustrates large grain structure and intermetallic
formation at the interface. Fig. 3(b) depicts that addition of 1% Y203 and 1% CeO; has refined the grain structure. While
the refinement of grain structure enhanced with the increase in the percentage of Y2Os, which can be found in Fig. 3(c)
and Fig. 3(d). Also, coarse structure present in the pure alloy has been broken and formed dentritic structure in the 1%
Y205 +1% CeOz incorporated MMCs. It was further enhanced with 3% Y203 +1% CeOs reinforcement in the alloy. Fig
3(c) reveals the dentritic skeleton structure occurrence in the a-phase of MMC with fine and smooth microstructure. Fig.
3(d) shows the further refinement of a-phase, but simultaneously dispersion of 3-phase has increased to greater extent.
The B-phase increase has resulted in the better interconnected intermetallic compound. Also, Similar results were found in
the eatlier literature elsewhere for Y>03/Mg MMC [24-29].
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Figure 3: Microstructure of (a) AZ91D Magnesium Alloy; (b) AZ91D+1%Y>03+1%CeOx; (c) AZI1D+2%Y203+1%CeOg; (d)
AZI1D+3%Y203+1%CeO; hybrid composites.

A

103



7~

(
G. Santosh et aliz, Frattura ed Integrita Strutturale, 63 (2023) 100-109; DOI: 10.3221/IGF-ESIS.63.10 y

The X-ray diffraction patterns of as-cast alloy, AZ91D+1%Y>03+1%CeO;, Z91D+2%Y203+1%CeO; and
AZ91D+3%Y>03+1%CeO; hybrid composites are shown in Fig. 4. The X-ray diffraction pattern of as-cast alloy sample
indicated the Mg-a phase and Mgl17Al12-8 phases. Furthermore, X-ray diffraction patterns shows the some additional
peaks in the AZ91D Mg alloy hybrid composites, which corresponded to Al11Y and All11Ce intermetallic compounds. It
is indicated that the X-ray diffraction patterns of all the AZ91D Mg alloy hybrid composites containing Mg-a phase and
Mg17AI12-B phases along with Al11Y and Al11Ce components. It shows that the high affinity of yttrium (Y) and cerium
(Ce) elements in RE reinforced AZ91D hybrid composites (Fig. 3(b) to (d)). It can be concluded that the B-phase helps in
the better interconnected intermetallic compound. Also, The XRD analysis results revealed the -phase growths in the
AZ91D+3%Y>03+1%CeO; hybrid composite (needle like structures in Fig. 3(d)) when compared to as-cast and other
hybrid composites.
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Figure 4: X-ray diffraction patterns of as-cast (AZ91D) alloy, AZ91D+1%Y203+1%CeO;, Z91D+2%Y>03+1%CeO, and
AZ91D+3%Y203+1%CeO2 hybrid composites.

Hardness

In the current study, hardness of pure alloys and MMCs were characterized through Brinell hardness test using ball
indenter of diameter 2.5mm at load 187.5kgf. Three readings were taken for each sample and average HBW values were
considered for investigation. The hardness variation of different studied samples is illustrated as Fig. 5. Hardness was
found to increase with the increase in the percentage of reinforcement particles in the MMCs till 2% of yttria. Also,
compared to pure alloy, reinforcement of rare earth oxides has beneficial effect on improving hardness. It owes to the
presence of uniformly dispersed Y2O3; and CeOz, which yielded fine structure and increased resistance to plastic
deformation. The hardness has decreased further with increase of yttria to 3%, suggesting lucrative effect of increasing
yttria. It may be attributed to the increased B-phase with interconnected intermetallic phases. Thus, resistance to plastic
deformation increased, which lead to greater hardness at higher value of reinforcement.

Tensile Properties

Tensile characteristics such as ultimate tensile strength, yield strength and elongation of any material are of interest for
material scientists to employ them for engineering applications. Thus, material characterization of studied samples is
significant to demonstrate its applications. In the present work, tensile strength, elongation and yield strength of different
MMCs were studied and represented respectively as Fig. 6, 7 and 8. Fig. 6-8 indicates the increase of studied mechanical
characteristics with the increase in the percentage of yttria, also found that MMCs shown superior properties over pure
Mg alloys. Besides increase in the percentage of elongation suggests that ductility has improved with the concentration of
yttria in MMCs. Thus, it can be inferred as simultaneous enhancement of strength and ductility with the incorporation of
yttria. The obtained results agree with reported literature for RZ5 alloy and RZ5 with 10% TiC MMC [8, 30, 31]. The
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increase in strength may be due to the increased particulate reinforcements, which aids to develop energy barrier for
dislocation movement. The applied load during tensile testing is uniformly transferred and distributed among
reinforcement particulates in the matrix alloys. Subsequently, stress concentration developed around particulate might
have caused localized damaged such as inclusion micro-cracks, particulate de-bond, leading to improved strength at yield
stress. In addition, the better bonding of reinforcement with Mg matrix and its uniform dispersion as evident from
microstructure caused B-phase increase. Thus, it owes to resulted improved ductility of MMCs at greater reinforcement
concentration. Therefore, it can be concluded that rare earth oxide incorporation causes simultaneous improvement of
strength and ductility, which is highly lucrative for engineering applications.

Variation of hardness v/s reinforcement %
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Figure 5: Hardness values of investigated materials.
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Figure 6: Ultimate Tensile Strength of investigated matetials.
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Figure 8: Yield Strength of investigated materials.
Fractography Analysis

The fractured surfaces of studied samples were analyzed using SEM images as illustrated in Fig. 9(a)-(d). The
fractographic analysis reveals existence microcracks, particulate debonding, cleavage, extensive plastic deformation of
matrix and dimples on fractured surface. Fig.9(a) demonstrates that pure Mg alloy studied with widespread cleavage and
nucleated microcracks. The initiated caused the movement of dislocation, resulted fracture of material. Fig. 9(b) illustrates
fracture surface of 1% Y203 +1% CeOs incorporated alloy. It shows the presence of craters due to debonding of
particulate reinforcements during tensile failure. During tensile, possibly inclusions get separated due to transferred tensile
load. Fig. 9(c) suggests that extensive plastic deformation is one of the major failure mechanism for the tensile fracture of
2% Y203 +1% CeO: incorporated alloy. The increased plastic deformation may be due to the increased yttria
incorporation, which increases the required energy resistance for dislocation movement. Thereby, increasing the strength
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of material studied. Whereas initiation of agglomeration was noticed in AZ91D+3% Y203 +1% CeO, MMCs (Fig. 9(d)),
suggesting threshold limit for nano-particulate reinforcement percentage. The existence of threshold limit for the
reinforcement percentage is also reported for SizNiy reinforced Al MMCs|[32-35]. Thus improved mechanical properties of
MMC:s at higher percentage was marginal compared to successive lower percentage of incorporation of particulate.
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Figure 9: Fractured Surfaces of (a) AZ91D Alloy; (b) AZ91D Alloy+1% Y203 +1% CeOy; (c) AZ91D Alloy+2% Y203 +1% CeOy;
(d) AZ91D Alloy+3% Y203 +1% CeO; hybrid composites.

CONCLUSIONS

he present work investigates the mechanical properties of rare earth oxides viz. Y203 and CeO; incorporated
AZ91D alloy based MMCs. The influence of Y>O3 % on mechanical properties and fracture behavior of Mg based
MMCs. Summary of studied composites with their results and analysis is as follows:

1. AZ91D Mg alloy was reinforced with varying percentage of Y203 from 1 to 3 in the steps of 1% with addition of
1% CeOs. Comparison of MMCs results with pure alloys was done to examine the improvement of mechanical
properties. Samples were prepared through stir casting technique as per ASTM standards.

2. Microstructure of prepared samples were studied to understand the dispersion of particles in matrix. The
microstructure of studied samples indicates that there was nearly uniform dispersion of particulates in matrix. The
a-phase was dominant in pure alloy, whereas 3-phase dispersion in o -phase was pronouncing in MMCs.

3. Mechanical properties such as tensile strength, yield strength, elongation and hardness were studied. The
significant improvement of studied mechanical properties were achieved due to reinforcement of rare earth
oxides considered in the study. It may be due to greater resistance offered for dislocation movement.

4. Fractography analysis was done to examine the possible fracture mechanism during failure. The pure Mg alloy
indicated microcracks and cleavage as dominant failure mechanism. While, MMCs suggested, debonding and
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displacement of reinforcement particles at higher tensile load, cleavages, microcracks and extensive plastic
deformation were prominent mechanisms over fractured surfaces.

REFERENCES

[1] Ravikumar, M., Reddappa, H. N., Suresh, R., Babu, E. R. and Nagaraja, C. R. (2022). Optimization of wear behaviour
of Al7075/SiC/Al,O3 MMCs Using statistical method, Advances in Materials and Processing Technologies,
DOI: 10.1080/2374068X.2022.2036583.

[2] Joshi, A.G., Manjaiah, M., Basavarajappa, S., Suresh, R., (2021) Wear Performance Optimization of SiC-Gr
Reinforced Al Hybrid Metal Matrix Composites Using Integrated Regression-Antlion Algorithm, Silicon, 13, pp.
3941-3951. DOI: 10.1007/s12633-020-00704-x.

[3] Narayan Nayak, Reddappa, H. N., Vijendra Bhat. and Ravikumar, M. (2020). Comparative Study of Effect of Sisal
Fibres in Powder and Short form on the Mechanical Properties of Polypropylene. AIP Conf. Proc. 2274, 030014-1—
030014-7; DOI: 10.1063/5.0022594.

[4] Ravi kumar, M., Reddappa, H. N., Suresh, R. and Gangadharappa, M. (2018). Effect of Heat Treatment on Tensile
Strength of Al7075/A103/SiCp Hybrid Composite by Stir Casting Technique, Materials Today: Proceedings, 5, pp.
22460-224065.

[5] Ravikumar, M., Reddappa, H. N., Suresh, R. and Sreenivasareddy, M. (2021). Experimental studies of different
quenching media on mechanical and wear behavior of Al7075/SiC/ALOs hybrid composites. Frattura ed Integrita
Strutturale, 55, pp. 20-31.

[6] Wang, H.Y., Jiang, Q.C., Li, X.L.., Wang, ].G., (2003) In situ synthesis of TiC/Mg composites in molten magnesium,
Scr. Matet., 48, pp.1349-1354. DOLI: 10.1016/S1359-6462(03)00014-9.

[7] Haghshenas, M., (2017) Mechanical characteristics of biodegradable magnesium matrix composites: A review, J.
Magnes. Alloy., 5, pp.189-201. DOI: 10.1016/.jma.2017.05.001.

[8] Mehra, D., Mahapatra, M.M., Harsha, S.P., (2018) Processing of RZ5-10wt%TiC in-situ magnesium matrix
composite, J. Magnes. Alloy., 6, pp.100-105. DOI: 10.1016/].jma.2018.01.002.

[9] Huang, S.J., Ali, A.N., (2019) Experimental investigations of effects of SiC contents and severe plastic deformation on
the microstructure and mechanical properties of SiCp/AZ61 magnesium metal matrix composites, J. Mater. Process.
Technol., 272, pp. 28-39. DOI:10.1016/j.jmatprotec.2019.05.002.

[10] Dey, A., Pandey, K.M., (2015) Magnesium Metal Matrix Composites - A Review, Rev. Adv. Mater. Sci., 42, pp. 58—67.

[11] Ravichandran, M., Veerappan, G., Dhinakaran, V., Katiyar, J.K., (2022) Optimization of tribo-mechanical properties
of boron carbide reinforced magnesium metal matrix composite, Proc. Inst. Mech. Eng. Part J: J. Eng. Tribol., 2306,
pp-1814-1826. DOLI: 10.1177/13506501211030070.

[12] Fang, C., Liu, G., Hao, H., Zhang, X., (2017) Effects of particle distribution on microstructural evolution and
mechanical properties of TiB2/AZ31 composite sheets, Mater. Sci. Eng. A., 684, pp.592-597.

DOI: 10.1016/j.msea.2016.12.072.

[13] Meher, A., Mahapatra, M.M., Samal, P., Vundavilli, P.R., (2020) Study on effect of TiB2 reinforcement on the
microstructural and mechanical properties of magnesium RZ5 alloy based metal matrix composites, J. Magnes. Alloy.,
8, pp. 780-792. DOLI: 10.1016/j.jma.2020.04.003.

[14] Huang, S.-J., Subramani, M., Chiang, C.-C., (2021) Effect of hybrid reinforcement on microstructure and mechanical
properties of AZ61 magnesium alloy processed by stir casting method, Compos. Commun., 25, pp.100772.

DOI: 10.1016/j.coc0.2021.100772.

[15] Vijayakumar, P., Pazhanivel, K., Ramadoss, N., Ganeshkumar, A., Muruganantham, K., Arivanandhan, M., (2022)
Synthesis and Charactetization of AZ91D/SiC/BN Hybrid Magnesium Metal Matrix Composites, Silicon,

DOI: 10.1007/s12633-022-01823-3.

[16] Karuppusamy, P., Lingadurai, K., Sivananth, V., Arulkumar, S., (2021) A study on mechanical properties of tungsten
carbide reinforced magnesium metal matrix composites for the application of piston, Int. J. Light. Mater. Manuf., 4,
pp. 449-459. DOI: 10.1016/j.ilmm.2021.06.007.

[17] Khrustalyov, A., Zhukov, L., Nikitin, P., Kolarik, V., Klein, F., Akhmadieva, A., Vorozhtsov, A., (2022) Study of
Influence of Aluminum Nitride Nanoparticles on the Structure, Phase Composition and Mechanical Properties of
AZ91 Alloy, Metals (Basel), 12, pp. 277. DOL: 10.3390/met12020277.

[18] Yuan, W., Zhu, Q., Deng, C., Zhu, H., (2017) Effects of rare earth oxides additions on microstructure and properties
of alumina-magnesia refractory castables, Ceram. Int., 43 pp. 6746—6750. DOI: 10.1016/j.ceramint.2017.02.082.

108



4
f'(d'
(' G. Santosh et alii, Frattura ed Integrita Strutturale, 63 (2023) 100-109; DOI: 10.3221/IGF-ESIS.63.10

[19] Tun, K.S., Minh, N.J., Nguyen, Q.B., Hamouda, A.M., Gupta, M., (2012) Investigation on the mechanical properties
of MG-AL alloys (AZ41 and AZ51) and its composites, Metals (Basel)., 2, pp.313-328. DOI: 10.3390/met2030313.

[20] Ponappa, K., Aravindan, S., Rao, P.V., (2013) Influence of Y>Os3 particles on mechanical properties of magnesium
and magnesium alloy (AZ91D), J. Compos. Mater., 47, pp.1231-1239. DOI: 10.1177/0021998312446501.

[21] Sharma, V.K., Kumar, V., (2019) Development of rare-earth oxides based hybrid AMCs reinforced with SiC/ALOs:
Mechanical & Metallurgical Characterization, J. Mater. Res. Technol., 8, pp. 1971-1981.

DOI: 10.1016/j.jmrt.2019.01.013.

[22] Ravikumar, M., Reddappa, H. N. and Suresh, R. (2018). Electrochemical studies of aluminium 7075 reinforced with
Al O3/SiCp hybrid composites in acid chloride medium, AIP Conf. Proceedings 1943, pp. 020096-1-020096-6.

[23] Gangadharappa, M., Reddappa, H. N., Ravi Kumar, M. and Suresh R. (2018). Mechanical and Wear Characterization
of Al6061 Red Mud Composites, Materials Today: Proceedings, 5, pp. 22384-22389.

[24] Hassan, S.F., Tun, K.S., Gupta, M., (2011) Effect of sintering techniques on the microstructure and tensile properties
of nano-yttria particulates reinforced magnesium nanocomposites, J. Alloys Compd., 509, pp.4341-4347.

DOI: 10.1016/j.jallcom.2011.01.064.

[25] Ravikumar, M., Reddappa, H.N., Suresh, R., Gangadharappa, M. (2018). Investigation on hardness of Al
7075/ Al,03/SiCp hybtid composite using taguchi technique. Matetials Today: Proceedings, 5, pp. 22447-22453.

[26] Ravikumar, M., Reddappa, H.N., and Suresh, R. (2018). Study on mechanical and tribological characterization of
AlLO3/SiCp reinforced aluminum metal matrix composite. Silicon, 10, pp. 2535-2545.

[27] Hassan, S.F. (2011) Effect of primary processing techniques on the microstructure and mechanical properties of
nano-Y»Oj reinforced magnesium nanocomposites, Mater. Sci. Eng. A., 528, pp.5484—5490.

DOI: 10.1016/j.msea.2011.03.063.

[28] Ravikumar, M., Reddappa, H. N, Suresh, R., Rammohan, Y. S., Babu, E. R. and Nagaraja, C. R. (2022). Machinability
Study on Al7075/Al,03-SiC Hybrid Composites, Metall. Mater. Eng. 28(1), pp. 61-77.

[29] Ravikumar, M., Reddappa, H.N., Suresh, R., Babu, E.R., and Nagaraja, CR. (2021). Study on Micro - nano sized
AlLOs particles on mechanical, wear and fracture behavior of Al7075 metal matrix composites, Frattura ed Integrita
Strutturale, 58, pp. 166-178.

[30] Narayan Nayak., Reddappa, H. N., Suresh, R. and Ravi Kumar, M. (2019). The effect of reinforcing sisal fibers on the
mechanical and thermal properties of polypropylene composites, J. Mater. Environ. Sci., 10(12), pp. 1238-1249.

[31] Ravikumar, M., Reddappa, H. N, Suresh, R., Sreenivasa Reddy, M., Babu., Nagaraja., Ravikumar, C. R., and Ananda
Murthy, H. C. (2021). Evaluation of Corrosion properties of AlbOs and SiC reinforced aluminium metal matrix
composites using taguchi’s techniques. Journal of Scientific Research, 65(1), pp. 253-259.

[32] Ravikumar, M., Reddappa, H. N. and Suresh, R. (2017). Aluminium Composites Fabrication Technique and Effect of
Improvement in Their Mechanical Properties - A Review, Materials Today: Proceedings, 5, pp. 23796-23805.

[33] Raghavendra Rao, P.S., Mohan, C.B., (2020) Study on mechanical performance of silicon nitride reinforced
aluminium metal matrix composites, Mater. Today Proc., 33, pp.5534-5538. DOL: 10.1016/j.matpr.2020.03.495.

[34] Ravikumar, M., Reddappa, H. N., Suresh, R., Ram Mohan, Y. S., Nagaraja, C. R. and Babu, E. R. (2021).
Investigations on Tensile Fractography and Wear Characteristics of Al7075-ALOs-SiC Hybrid Metal Matrix
Composites Routed Through Liquid Metallurgical Techniques, Frattura ed Integrita Strutturale, 56, pp. 160-170.

[35] Ravikumar, M., Reddappa, H. N. and Sutesh, R. (2018). Mechanical and wear behavior of Al7075/A1,03/SiC hybrid
composite, Materials Today: Proceedings, 5, pp. 5573-5579.

109




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


