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Abstract

Compositematerials are beingwidely studied for the last few decades, and it has optimized the day to

day applications in the engineering field. In this advancement, the use and development ofmetal

matrices was a significant outcome that concentrated on the addition ofmany particulatematerials in

ametalmatrix at nano andmicro levels. Among theseMagnesium,metalmatrices are having a high

potential, especially in transport, defense, and aircraft industries.Many researchworks are being

carried out to use the capabilities ofMagnesium and has provided excellent results. This paper is an

overview of the development, processing, and improvement of properties inMagnesium alloys.

Variousmanufacturing processes such as self-propagating high-temperaturemethod, stir casting,

laser cladding, and powdermetallurgy has been used to develop themagnesium composites for

increasing the properties by using variouswt%of reinforcements added in thematrix. The

improvement inmechanical properties such as tensile strength, yield strength, hardness and

tribological properties such aswear rate is reviewed. The different properties and capabilities of

Magnesium alloys such as AZ31, AZ91, andZE41 is also discussed from the various researchworks.

1. Introduction

In this new era of developingmaterial science, engineering, and related technologies, compositematerials have a

proven platformof contribution to engineering research. The conventionalmaterials have been replaced in

many places due to their drawbacks, andmany improvements have been incorporated to increase the desired

properties [1, 2]. Among these hybridmetal,matrices are currently gettingmore attention due to their excellent

mechanical, tribological, and physical properties in various applications. A hybridmetalmatrix is a composite

material that is being developed by adding two ormorematerials in themetal base.Many studies have proved

that the hybridmetalmatrices have improved strength, low cost, andweight and hence can bewidely applied in

aerospace and automobile applications.

Among thesemetalmatrices,magnesium and itsmagnesium-based alloys are nowpossessing higher

demands in aerospace, automobile, space, and other structural applications. DPanda et al in their work, has

reported thatmagnesium alloys are havingHexagonal Close Packed structure and hence have less formability

and limited-slip systems due to the structure [3].Magnesium alloys are having 35%and 65% less density when

compared toAluminium alloys andTitanium alloys, respectively [4]. The density ofMagnesium is found to be

1.74-2 gm cm−3 and is similar to bone density, and hence it is used in biomedical applications [5, 6]. Themelting

temperature ofmagnesium is low at around 654 °C [6]. Apart from theseMagnesium alloys are having lower

maintenance and production costs [7]. However, theMagnesium alloys have relatively low young’smodulus,

but this can bemitigated by using stiffer and harder ceramic particles as reinforcements [8]. TheMagnesium

hybridmetalmatrix composites are produced by using variousmethods such as stir casting, powdermetallurgy,
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squeeze casting and friction stir processing.Magnesium is having a variety of popular alloys. The ZE41 has high-

temperature friction andwear properties. This opens a broad scope of research onZE41magnesium alloy.

2. ZE41magnesium alloy

There are different types ofmagnesium alloys in theworld ofmaterial science, and all those have their

significances in the versatile applications in engineering. There are two types ofmagnesium alloys, namely cast

alloys andwrought alloys [9]. Among these ZE41magnesium alloy, which is having zinc and rare earth elements,

have gained significant applications in structural, aerospace, and biomedical applications [10]. In very recent

researchwork by Zhicheng Li et al it is found that implantation ofNitrogen (N+
)has reduced the corrosion rate

of AZ31magnesium alloy and thus can be used inmany clinical applications [11]. The composition of ZE41

Magnesium alloy is shown in table 1 given below. In the details of table 1, TR is the total weight percentage of the

rare earth elements in the alloy. The presence of rare earth elements should increase the corrosion resistance,

high-temperature creep, and tensile strength.When zinc is added tomagnesium, corrosion resistance is

increased, and it reduces the effects of corrosion formed by Iron andNickel. KKusnierczyk et al has reported

that addition of ceramic inmagnesium alloys can reduce corrosion and enhancemechanical properties [12]. Y

Chen et al has found that due to the homogeneousmicrostructure without defects BulkMetallic Glasses (BMG)

based onmagnesiumhas emerged as a new biodegradablematerial [13]. B Fang et alhas found that the addition

of carbon nanotubes in themagnesiummatrix can increase the interfacial bonding between thematrix and

reinforcement, which in turn helps in enhancing themechanical properties [14].

3.Methods adopted for production ofmetalmatrix

There are variousmethods used for the preparation of hybridmetalmatrices ofmagnesium alloy. Eachmethod

has it is own advantages in certain specific applications, out of which themost commonly used ones are

discussed below. So onemust select themost suitablemanufacturing process formanufacturing themagnesium

metalmatrix. The cost-effectiveness point of view for the production ofmatrices in different applications can

also be evaluated.

3.1. Self propagating high-temperaturemethod

Self PropagatingHigh-Temperaturemethod is amanufacturing process of alloys inwhichmelting of reagents

and products is done at first, followed by spreading ofmelt. Diffusion and convection ofmeltedmetal and non-

metal takes place after this and it will create the nucleation of reliable products and crystal growth takes place.

DMehra et al in their work, has reinforced amagnesiumRZ5 alloywith Titanium carbide (TiC) by the Self-

propagating high-temperaturemethod [15]. RZ5Magnesium alloywas heated at about 750 °Cwith argon

shielding in a graphite container. Titaniummesh is heated at about 1650 °C in another coke-fired furnace in

another graphite crucible. Then preheated graphite powder is added into themolten titanium at about 1850 °C

at a holding time of 30 minwith argon shielding. Then thismolten titanium carbide is poured into the RZ5 alloy,

which ismolten and is stirredmechanically for 5 min Stirring helps tomix the in situ formedTiC particles

uniformly. Then the castmetal is taken after proper solidification from amild steelmold. It has to be noted that

no intermetallic compoundswill be formed sinceMg does not react with titanium and carbide. The

microstructural images has revealed that the grain size of theMMChas decreasedwhen reinforcedwith TiC. So

this will considerably increase the hardness value of thematrix since hardness and grain size are inversely

proportional. The process involved in thismethod is shown in the schematic diagram shown infigure 1.

3.2. Friction stir processing (FSP)

FSP ismainly used as a surfacemodification property inmanufacturing themetalmatrices.FSP uses the

principle ofmodification of structure by plastic deformation using a non-consumable tool that is advanced into

theworkpiece [16]. In FSP, a rotating tool is advanced over theworkpiece surface. The plastic deformation of the

surface takes place due to the heat generated by the friction between the surface of theworkpiece and the

shoulder of the tool and also due to the friction between the tool pin andworkpiece. VVKondaiah et alhas

Table 1.Elemental composition of an ZE41Mg alloy.

Element bywt% Ce Fe&Si combined Mn Zn Zr TR Mg

ZE41Mg alloy 0.56 0.008 0.01 3.5–5 0.56 0.8-1.7 Remaining
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commented that the heat thus generatedwill serve the purpose of stirring, and thus themicrostructure is

modified [17].

In a researchwork byA Srinivasanaik et alZE41magnesium alloy plates were processedwith the FSP

technique by a tapered high-speed steel tool having shoulder diameter 16mm [18]. FSPwas conducted on the

specimen at different rotational speeds of the tool at 450, 650, 850, 1050, 1250 rpm. The tool is longitudinally

transversed at a speed of 50 mmmin−1. The depth of the tool is kept constant. The results showed that the FSP

on castMg alloy at 650 rpm showedfiner grain size and hardness values.When the rotational speed is increased,

it is inferred that the grain size is decreased. It is to be noted that the tensile strength has increased from210 to

272MPa, and the yield strength has increased from150MPa to 184MPa.

CVasu et al has utilized FSP to create aCalcium reinforced ZE41Mg alloy [19]. H13 tool steel is utilized in

this workwith shoulder diameter 15mmand the pin tapers from5mm to 2mmdiameter. The tapering length is

3mm.On theworkpiece, a groove of 1mmwidth isfirst created, and it is having a depth of 2mm.Then the

groove isfilledwithCa, and the pinless FSP tool is advanced over the surface for proper filling of Ca powder.

Then the FSP process is donewith 1400 rpm tool speed and a transverse speed of 25 mmmin−1, and thus the

composite ismanufactured.

In another study, it is observed that FSPwas a powerful tool for breaking the clusters of SiC particles. It

refines the particle size and distributes the particles uniformly in theMgmatrix [2]. In this work, the tool used

for FSPwas anH13 cylindrical threaded pin having 1mmpitch, 5mmdiameter, 4.7mmdepth, and shoulder

diameter 16mm.The schematic diagramof friction stir processing is shown infigure 2.

3.3. Stir casting

In stir casting, the basemetal is heated at elevated temperature in an inert atmosphere to avoid oxidation process.

AManivannan andR Sasikumarmade use of a vortex stir casting setup having a furnace, reinforcement feeder, a

mechanical stirrer, and a pouring set up at the bottom to transfer themolten slurry tomold [20]. In a research

work byTThirugnanasambhandham et al the basemetal with 65%Mg and 35%Al is heated at 750 °C in an inert

environment and then reduced the temperature to 550 °C, thereby obtaining a semisolid state. At this point, 50

nmalumina particle is added at 100 rpmand ismixed uniformly, which is also done in an inert atmosphere.

Figure 1. Self propagating high-temperaturemethod.

Figure 2. Friction stir processing.
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After this step, themoltenmetal is cast, and then propermachining is done for the desired shape and dimension

[21]. It was observed that the composite with 10%weight of alumina is showing better wear resistance. NBala

et al has found that to avoidmelting ofmagnesium after preheating, SF6 alongwithArgon gases, is added during

the stir casting process [22].

Hybridmetalmatrices were formed through the stir casting route by adding 1%and 2%weight TiO2 and

0.5%weight graphene on anAZ91Mg alloy [23]. It has seen that thewear rate has reduced significantly for the

hybridmetalmatrix at all load conditions due to the reason that grapheneworks as a solid lubricant. From the

opticalmicroscopic examination, it is clear that the crests and troughs in the parent AZ91matrix weremore. S

Kumar et alhas reported that themajor disadvantage of stir casting is the fixing ofmelting temperature of

reinforcementmaterial, which is noted as three times that of basemetal [24]. It is reported that the

agglomeration of reinforcement particles in themoltenmaterial is a highly decisive factor in the surfacefinish

and crack formation [25]. The schematic diagramof the stir casting process is represented infigure 3. The

scanning electronmicroscope (SEM) image of AZ91Mg alloy addedwith 1 and 2 wt%of TiO2 and 0.5 wt%

graphene showed that the cracks and voids are very less inmetalmatrix composite.

3.4. Laser cladding

Laser cladding is an interdisciplinary technique that unites laser technology, control system, andComputer-

AidedManufacturing (CAM).It is a highly efficient surfacemodification technique used for providing bonding

between coatings and the base substrate [4]. In this technique, a laser heat source is used to deposit a thin layer of

materials on amoving substrate, themovement of which is controlled by the operating system. In another work

by F Liu et al hybrid Laser cladding and Friction stir processed Al–Cu coating onAZ31magnesiumhas shown

strong interfacial bonding providingmore corrosion resistance [26]. A simple schematic diagram for the laser

cladding process is shown infigure 4. In another researchwork, AZ61Mg alloy is coatedwith nanoTiO2 and

Al2O3 reinforcements in 5, 10, and 15weight percentages through laser cladding technique [27]. It is inferred

that solubility of titanium is less inMagnesium, but it has a chance to react with silicon and form as TiSi2.

Further, It is quoted that Silicon has a high affinity towardsMagnesium, and hence silicon shows a tendency to

bond inMg-rich zones [28].Wear tests were carried out on the specimenwith andwithout reinforcements by

using a pin on disc tribometer. It is observed that increasing the reinforcements has decreased thewear rate and

increased the hardness value. It is noted that thewear rate has decreased from935microns to 235microns. The

coefficient of friction and frictional force ismore for Al2O3 alloys.

3.5. Powdermetallurgy

Powdermetallurgy is the process inwhich themetal or alloy powders aremixed properly and then compacted in

a high-pressure dye followed by sintering at high temperature for proper bonding of particles.A compositemetal

matrix withAZ31 as the basemetalmatrix having 5% alumina and SiC varying from0 to 8% is prepared by using

powdermetallurgy technique in awork done by EKarthick et al [29]. The particles aremixed uniformly, and 200

MPa is applied for compaction for 30 s. Then sintering is done at 450 °Cand is done at the temperature rate of

10 °Cmin−1 for 20 min and allowed to cool. In a researchwork,Mg alloy (Mg-3Zn-0.7Zr-1Cu)was taken as the

matrixmaterial, and hybridmetalmatrix was prepared by blending thematrix withmicro andnano alumina

reinforcements. It is then followed by pressing in a dye and punch setup, followed by the sintering process. After

Figure 3.Processes involved in the stir casting process.
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this, hot extrusion is carried out at 400-degree Celcius [30]. In awork done byMRashad et alMg–3Al–1Zn

matrix of 70 μmparticle size is reinforcedwithAl2O3, and SiC particles, whichwasmanufactured by the powder

metallurgy process was prepared, followed by a hot extrusion process [31]. N Selvakumar et alhas proved that

Mgmatrix when reinforcedwith 10 wt%of TiC and 7.5 wt%MoS2 (Molybdenumdisulfide) has reduced the

wear because of the proper dispersion and interfacial bonding of reinforcement particles [32]. In their work by S

Tamang et al theMg alloywasmixedmechanically with Yttria(Y2O3) for about 40–50 min, which is then pressed

hydraulically by applying 80–130 kNusing a hydraulic press for 15–20 s for better compaction [33]. The process

involved in the powdermetallurgy process is shown infigure 5.

After reviewing different works carried out in this area severalmanufacturing aspects can be pointed out

such as the powdermetallurgy process is themost cost-effective process formanufacturing thematrix by

maintaining a controlled level of porosity.The stir casting process is also economical inmass production but

achieving a uniformdistribution of particles in thematrix is difficult since fine selection of stirrer, stirring speed,

and stirring time has to be done.

4. Tribo-mechanical properties considered for evaluating the performance ofmetal
matrix

There are various properties of hybridmetalmatrices which should be considered for its applications.Themost

important properties aremechanical and tribological properties especially when it is used in aerospace and

automobile applications.The importantmechanical and tribological properties which are discussed in this paper

are hardness, tensile strength, yield strength, grain size andwear rate.

4.1.Hardness

Hardness of amaterial is the resistance against abrasion or indentation and is normallymeasured by using

Brinnel, Vickers or Rockwell hardness testingmachines.In a researchwork byDMehra et almagnesium alloy

RZ5was reinforcedwith Titanium carbide(TiC) having 10 wt% contribution [15]. The outcome of this research

showed that the hardness of RZ-5 reinforcedwith 10%TiChas increased considerably compared to the RZ-5

alloywithout reinforcement whichwas prepared by self-propagating high-temperaturemethod. The hardness

value has increased for the 15%weight TiO2 andAl2O3 coatedAZ61Mg alloywhenmanufactured by laser

Figure 4. Laser cladding process.

Figure 5.Processes involved in powdermetallurgy process.
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cladding process due to the refinement of grain size [27]. S Jayabharathy and PMathiazhagan has observed that

theVickersHardness number (VHN) of AZ91Mg alloy produced by stir casting route has elevatedwhen

reinforcedwith 2%weight of TiO2 and 0.5% graphene since graphene acts as a solid lubricant for uniform

mixing of reinforcement particles [23]. It is quoted that themicrohardness value of composite has increased

from60.98±5.3 Hv to 73.7±9.9 Hvwhen it is reinforcedwith calciumby the FSPmethod [19]. It was seen

that theVickers hardness value of the composite has increased to 106when reinforcedwith SiC from34 of the

pure castMagnesium at a tool speed of 1300 rpm [2]. This increase in hardness is attributed to the reduced grain

size of the composite. The SiC hard particles prevent dislocationmovements, which has caused an increase in the

capacity of load-bearing for the composite. The hardness of the AZ31metalmatrix, whenmixedwith SiC and

alumina, has increased from64.53Vickers hardness to 75.16 hardness value, which ismainly due to the presence

of SiC particles which bears the load [29]. The hardness value of AZ91 alloy, when reinforcedwith 2%weight of

Al2O3, has increased to about 25%. TheVickers hardness number of pureMg has increased from36.3 to 45.39

for ametalmatrix reinforcedwith 10%SiC andAl2O3 particles, whichwas prepared by the powdermetallurgy

process [7]. The hardness is showed to have increased by 31%whenAZ91Dmagnesium alloy is addedwith ZrO2

due to the dispersion and plastic deformation of the particles [34]. Themechanismof hardening occurs in the

matrix due to the reinforcement particles entering the lattice structure of soft, ductilematerials. R Jojith et alhas

enumerated that this entry of particles blocks themotion of atomswhere there is a dislocation and thus

providing higher resistance to plastic deformation [35]. The comparison of hardness values of different

magnesium-basedmatrices are shown in table 2. The hardness value of themetalmatrices is highly contributed

by the uniformdispersion of reinforcements and themicrostructural examination reveals that finer grain size

results in hardermaterial.In awork byAAsgiri et alwastemagnesium chips of AZ91 aftermachining is collected

and reinforcedwith 2.5% and 5%SiCparticles through stir casting and found that themicrohardness has

increased by 28%and 46.6% respectively [36]. In a researchwork byYuYanHan et al it was found that the

average grain size of as-castMZC0.5Mn alloy having 0.5 wt%manganese has reduced by 40.1%when compared

to theMZC(Magnesium-Zinc-calcium) as-cast alloys [37]. This will increase the hardness of alloywhenmixed

withmanganese.

4.2. Tensile strength

The tensile strength of amaterial is themaximumamount of tensile stress amaterial canwithstand before

failure, which can be experimentally found out by using a universal testingmachine. The tensile strength of TiC

reinforced RZ5Mg alloy has increased from179 to 195MPa [15]. This is because the TiCwill act as load bearers

in the composite. The tensile strength of thematrix when reinforced 2%weight of TiO2 and 0.5%graphene has

increased to 149.1N/mm2 from84.3 Nmm−2
[23]. The ultimate tensile strength has increased to 141MPa for a

composite having a 9weight%of Si from117MPa [2]. Itmay be due to thefine and uniformdistribution of SiC

particles. The tensile strength is found to bemore for nano aluminamixedMg alloywhen compared to the

matrix prepared bymicro alumina particles [30]. The increase in SiC content alongwithAl2O3has increased the

tensile strength of anMg–3Al–1Zn alloy by 0.2% [38]. Themetalmatrix composite has a network structure, and

hence it does not show a brittle nature [39]. However, it shows elastic-plastic nature, which is the failuremode

observed in thesematrices [39]. The Young’smodulus of composite according tomixing rule is found [39] by

equation (1), where EC is the young’smodulus of the composite. ER and EM are young’smodulus of

reinforcement andmatrix respectively.VM andVR are volume fractions ofmatrix and reinforcement.

Table 2.Hardness comparison ofMgMatrixwith reinforcement.

Reference no. Basematrix Reinforcement Method
Hardness

Matrix Reinforced

[15] RZ5Mg TiC−10%wt Self-propagating high-temper-

ature (SHS)

73VHN 105VHN

[27] AZ61Mg TiO2–15%wt Laser cladding 55.9BHN 72.4BHN

[27] AZ61Mg Al2O3–15%wt Laser cladding 55.9BHN 68.3BHN

[23] AZ91Mg TiO2–2%wt, Gr-0.5%wt Stir casting 65.8VHN 72.2VHN

[19] ZE41Mg Ca Friction stir processing 60.98±5.3 HV 73.7±9.9 HV

[2] Mg–

99.9%pure

SiC-9%wt Friction stir processing 34±5VHN 106±3VHN

[29] AZ31Mg SiC-8%wtAl2O3–5 wt% Powdermetallurgy 64.53VHN 75.16VHN

[7] Mg SiC andAl2O3–10 wt% Powdermetallurgy 36.3VHN 45.3VHN

[22] Mg B4C-9 wt% Stir casting 42HR 78HR
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In another researchwork, it inferred that the addition of nanoplatelets of graphene inmagnesiumhad

increased Young’smodulus, Ultimate tensile strength, and yield strength [40]. The comparison of tensile

strength ofmagnesiummetalmatrices, when addedwith different reinforcements, are shown in table 3.

4.3. Yield strength

The yield strength of amaterial is a critical design parameter which represents the initiation of plastic

deformationwhich can be plotted from the stress-strain diagramof amaterial. The yield strength of the RZ5Mg

matrix reinforcedwith TiC at 10weight%has reduced from140 to 121MPa [15]. The presence ofmicrocavities

and particle cracking has increased the yield strength of the SiC reinforced composite to 90MPa from68MPa

[2]. Yield strength of AZ91 composite whenmixedwith nanoAl2O3 is found to have elevated due to the grain

refinement andOrowan strengthening due to the presence of nanoparticles in the range of 50 nm [41]. The

metalmatrix ofMg–3Al–1Znwhen reinforcedwithAl2O3– SiC has increased by 0.2%,which is due to the loss of

strain at fracture when the SiC content is increased [38]. The yield strength ofMagnesiumbasedmatrix

composite has increased from0 to 85MPawhen addedwith B4Cparticles at 9 wt% in awork done byNBala

[22]. KKAlaneme et al found that the yield strength has increased by 0.2%when theMagnesiummatrix is added

with nickel particulates. However, the ductility is found to have decreased [42].

4.4. Grain size

The grain size of amaterial is the average diameter of the reinforcement particles in thematrix which can be

characterized bymicrostructure evaluation through scanning electronmicroscopy and x-ray diffraction

spectroscopy. Grain Size of the RZ5Mgmatrix reinforcedwith TiC at 10weight%has decreased from250 to

20 μm, and hence the hardness of thematrix was increased [15]. The grain size of the ZE41Mg alloy is found to

have decreased from110 μmto 7 μmwhen reinforcedwith calcium, and hence the hardness of the composite

material is found to have increased [19].When comparedwith pureMg, the grain size has reduced significantly

when addedwith SiC particles, and the reduced grain size of 3.1 μmwas obtained from705 μmat an optimum

FSP sample obtained by rotating the tool at 1300 rpm. LRogal et al observes has observed that theMgO

(Magnesiumoxide) in size range 30 nm–50 nmwhere formed by the thixomolding process due to the addition

of a semisolid slurry. The addition of slurry provides homogeneousmixing in the compositematrix resulting in

the enhancement of properties [43]. The strength of the composite is inversely proportional to the grain size

according to theHall Petch formula [41].

σy=σ0+ky/√d,whereσy=yield stress

σ0=material constant for the starting stress of dislocationmovement.

ky=strengthening coefficient
d=average grain diameter.

4.5.Wear rate

Thewear ofmaterial is the volume ofmaterial removed from the surface per unit sliding distance. It is themost

critical tribological parameter to be studiedwhenever newmetalmatrix composites are developed for the

applications in sliding. T F Su et alhas reported that themainmechanisms of wear are abrasion, oxidation,

delamination, thermal softening, adhesion, and surfacemelting [44]. Thewear rate is found by using

equation (2) [45].

=Wear rate Volume of material removed mm Sliding distance m 23( ) ( ) ( )/

The effect of load and sliding distance is being studied extensively inmany kinds of literature. Thewear rate

of themetalmatrix composite has reduced than the basematrix. However, it is found by BMGirish et al that

when a load is increased, thewear rate also is increased [45], and there exists a transition load at which thewear

rate of both the unreinforced and reinforced composite starts suddenly increasing. S Shanker et al observes it.,

Table 3.Tensile strength comparison ofMgMatrixwith reinforcement.

Reference no. Basematrix Reinforcement Method
Tensile strength(MPa)

Matrix Reinforced

[15] RZ5Mg TiC−10%wt Self-propagating high-temperature (SHS) 179 195

[23] AZ91Mg TiO2–2%wt, Gr-0.5%wt Stir casting 84.3 149.1

[2] Mg-99.9%pure SiC-9%wt Friction stir processing 90 68

[22] Mg B4C-9wt% Stir casting 65 135
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that if the sliding speed for the pin on disc experiment increases, the temperature between the contact surface of

pin andmatrix reaches the vicinity ofmelting point of thematrix, leading to solidification of pin around the

periphery increasing wear rate [46]. It is found that the composite coatings with Tungsten carbide(WC)-17Co

onAZ80Magnesium alloy is having highermicrohardness and resistance of wearwhen compared to alloys of

Magnesium substrate whichwere produced by cold sprayingmethod [47].

The differentmechanical and tribological properties of hybridmagnesiummetalmatrices are studied and it

has to be noted that theweight percentage of reinforcements and grain size alongwith the transition load plays a

vital role in defining the properties ofmatrix.

5.Design of experiments (DOE)

It is a tool that helps to obtain specific information on the parameters regarding the outcome of experiments,

which directly affects the response variables. The conventionalmethod ofmultifactorialmethod of design can be

replaced by using the Taguchimethod, which employs the use ofOrthogonal arrays [48].

5.1. Taguchimethod

Taguchimethod is an approach based on the orthogonal array and is having the capacity of giving less variance

for the parameters which control the experiments when it is set at optimumcondition [49]. B AMPasha et al has

stated that it is amethodwhere the expenses aremeager and are being used nowadays by the researchers to

formulate a relationship between the impact of parameters and it is interactions in experiments [48]. This

technique has reduced the number of iterations by enhancing the parameters in the experiment trials [50]. In

this work done by SatnamSingh et al the selected the normal load, track diameter and sliding distance as the

parameters which are varied at 3 levels [50]. It is written byDMehra et al that they have used an L27 orthogonal

array, whichmeans there are 27 experiments that are represented in the 27 rows followed by three levels at 13

columns [49].MAAlmomani has noted that the effect of test parameters and percentageweights of the

reinforcingmaterials against thewear rate is being analyzed by using Taguchi’s L16 orthogonal array at the levels

of normal load and sliding speed [51]. The Signal toNoise(S/N) ratios are then found from the arrays, and it is

analyzed under various conditions viz. ‘smaller is better nominal is better’ and ‘larger is better’ [52]. For example,

in the development of newmetalmatrices, thewear rate factor has to be selected as ‘smaller the better’ [52].

5.2. Grey relational analysis (GRA)

GRA is the analysis inwhichmultiple process parameters are optimized to obtainmultiple response variables

which the research addresses. R Arunachalam et al has stated that it is combinedwith the TaguchiMethod to

obtain the results since the Taguchi approach has the disadvantage of optimizing only one response variable,

which is governed by different parameters [53]. GRA is utilized to convertmultiple process variables to single

Grey Relational Grade(GRG).GRG is calculated by assuming that theweights are equal for all response variables

[53]. Here also, S/N ratios are found and based on the application, themaximizing orminimizing condition

shall be achieved. S Prabhu et al has noted that themost influential parameter is obtained byfinding the

difference between themaximumandminimumaverageGRG [54]. TheGRG can be found by using

equation (3).

å=GRG 1 n Grey coefficient 3* ( )/

Finally, the confirmation test is done by using the parameters of the experiments, which are getting Rank 1.

6. Conclusion

The development and influence ofMagnesiumbasedmetalmatrices have been reviewed extensively. The

methods of development, like stir casting and powdermetallurgy, weremost commonly used in amajority of

works. It is evident that the addition of particles in themicro and nanolevel, especially ceramics, has enhanced

thewear andmechanical characteristics of all themetalmatrices developed.However, it has to be noted that the

researchworks conducted onZE41Magnesium alloy are very less when compared to other alloys ofmagnesium.

So the development ofHybridmetalmatrices, which utilizes ZE41Magnesium as a basematrix in specific

applications, can open the doors of research in the compositematerial field.
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