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Abstract : The present paper review the current development of magnesium alloy, with more attention to improve the properties
of AZ91 alloy for future applications. The drive force of utilizing magnesium alloys for automotive, aerospace and other
industrial application due to its light weight. The microstructure, grain size, grain morphology and phase constituents were
influence the properties of magnesium alloys. The modification of crystal structure through processing route, heat treatment, and
alloying elements improves the mechanical, corrosion, biocompatible, and tribological properties of magnesium alloys. Apart the
microstructural modification, addition of reinforcements, and coatings were also improves the properties of magnesium alloys.
This article explore on the recent research on various reinforcements used to enhance the refinement of microstructure,
improvement in hardness, tensile strength, ductility, wear and corrosion resistance of magnesium alloy in AZ91 E alloy.
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I.INTRODUCTION :

The name magnesium has originated from the Greek word called Magnesia. It was first discovered in 1808 by Humphery
Davy and later it named as magnesium (Mg) with HCP crystal structure. Which is a strong and silvery-white metal, when it
exposed to air that gives a white brilliant light. The density of magnesium is 1.74 g/cm?, is approximately 2/3 of aluminum, 1/4
of zinc, and 1/5 of steel [1-2]. Magnesium is considered to be an ideal material in the fields of aerospace, defense, aircraft and
automotive sectors due to their lightweight, high specific strength, damping capacity, excellent castability and superior
machinability [3].

I1. An overview of Mg- alloys
The manufacturing of Mg-alloy was started in 1945 (Maria 2011), further continuously research has been carried out for
the development of different graded Mg-alloys in cast and wrought form. The solubility of various elements in to the

Magnesium [4] was explored in table 1.

Table 1. List of soluble, partially soluble and insoluble elements in Mg.

Soluble element Partially soluble elements | Insoluble elements

Al, Cu, Li, Si, Ca, Sc, Mn, H, Be, Na, P, K, Ru, Te Cs He, B,C, N,Ng, S, Ar, CR, Se, Kr, Rb,
Co, Ni, Zn, Ga, Ge, As, Sr, Y, Zr, Nb, Mo, Rh, Hf, Ta, W, Po, Rn

Pd, Ag, Cd, In, Sn, Sh, Ba, Au, Hg,

Pb, Bi, Th, Pu

The countable amount of additives added to the Mg-alloys improves the castability, strength, corrosion resistance, workability
and weldability. As per the ASTM alphanumeric designation system Mg- alloys [1] are grouped by principal alloy composition
was noted in table 2
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Table 2. Designation of different graded Mg-alloys

S NO | Designation Principal alloy composition
1 M Magnesium-manganese
2 K Magnesium-Zirconium
3 AM Magnesium-Aluminium-Manganese
4 AZ Magnesium-Aluminium-Zinc-manganese
5 ZK Magnesium-Zinc-Zirconium
6 EZ Magnesium-rare earth metal-Zirconium
7 QE Magnesium-silver-rare earth metal-Zirconium
8 WE Magnesium-Yttrium rare earth metal-Zirconium
9 ZC Magnesium-Zinc-Copper-Manganese
10 AS Magnesium-Aluminium-Silicon-manganese
11 Al Magnesium-Aluminium-Strontium

I1.1.1 Processing Methods :

A wide variety of processing methods and technologies has been developed for Mg MMCs (Metal Matrix Composites),
they divided into mainly three groups based on processing conditions [5-6] as (i) Solid State Processing, (ii) Vapor Processing

and (iii) Liquid Processing were shown in Fig 1.
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Fig. 1. Classification of Mg-MMC Manufacturing Process

Wide variety of Mg-composites were produced by using above listed techniques. The designation of different graded Mg-alloys
[7] were tabulated in table 3.

Table 3. Classification of Mg- alloys

Cast Mg-alloys Wrought Mg-alloys
ZK60, M1A, HK31, HM21, ZE41, ZC71, Electron | AZ91, AM50, AMG60, ZK51, ZK61, ZE41, ZC63,
675, AZ31, AZ61, AZ80 HK31, Hz32, QE22, QH21, WE43, AZ63, AZ81,
Electron 21
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The combination of alloy elements like Al-Zn, Al-Zn-Mn, Al-Cu, RE-Zr, Zr-Y, Zn-Zr- RE and many more were tried with
magnesium (Tarek 2009 and Luo, Pekguleryuz 1994). Among them AZ series of alloys are the most commonly used, in which
AZ 91 alloys are popular at room temperature with good strength and ductility. The temper designation [8] of the alloy was tabled
in4.

Table 4. Standard temper codes and process methodology for AZ91 alloy

SNO Temper code Methodology
1 T4 Solution treated to 686 K for 16-24 h
2 T5 Ageing at 335 K for 16 h
3 T6 T4 followed by quenching and subsequent ageing at 441K for 6 h

Most of the research that has been conducted till now useful in established the ability of different reinforcements and processing
methods to modify the final characteristics of Mg-alloys.

I1.1.11 Characteristics of Reinforcements

Demanding on the material properties required the following points keep in to considerations in selection of reinforcements
for suitable application. The properties required, matrix material and fabrication method are the key elements in selecting
reinforcement materials [9].

a. Density

b. Bondability with the matrix

c. Coefficients of thermal expansion
d. Good wetting capability

e. Superior mechanical properties

f. Availability and ease of fabrication
g. Low corrosivity

h. Economical

Generally particulates, fibres, and whiskers are the most regular forms of reinforcements for MMCs. At end required
properties from the resultant composite can be attained whenever the following conditions are satisfied [10-11].

a. Selection of reinforcement having adequate stiffness and strength
b. Compatibility of reinforcement with the matrix material

¢. The ability of the processing method

d. Good matrix-reinforcement interface integrity

e. Minimal porosity

The ideal alloy for the automotive and biomedical applications among the various Mg- alloy system is magnesium alloy AZ91,
due to its higher mechanical strength and corrosion resistance. The primary phase of the alloy is Mg (a phase) and the secondary
phase of the alloy is Mg17Al112 (B phase) [12]. Figure 2 shows the typical microstructure of AZ91 alloy indicating the phase and
B phase.

Fig 2. Microstructure of Mg-alloy with alpha and beta phases
IL.LIIL. Impact of different reinforcements on properties of AZ91 Mg-alloy

A lot of research studies were done on development of magnesium alloys for different industrial applications in past 2
decades. In fact pure magnesium is not recommended for all applications, it needs alloying or surface modifications for exhibit
better properties than base metal. The main aim of this review is find the suitable reinforcements with optimum combinations for
future and next generation applications.
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1.1l Grain Refinement

Some of the key alloying elements which refine the microstructure of AZ91 alloy are Ca, Ce, Y, Nd, and Sr. Study reported
on the impact of Ce, Ca and Sr along grain boundaries on solidification causes the growth of a phase which refines the
microstructure [13]. Further a reduction in grain size is observed and studied in AZ91 with addition of 0.8%Ce and 0.2% Ca or
0.2% Sr was reported [14]. The study reported that addition of Sr results in half the grain size of AZ91 alloy [15]. The other
studies reported on deformation process of Mg- alloys through equal channel angular pressing [16-18], extrusion [19-20],
accumulative back extrusion [21], hot rolling [22], high-pressure torsion [23], and high-ratio differential speed rolling [24] result
in grain refinement. A refined microstructure with an average grain size of 0.5 pm is observed in the AZ91 alloy.

I1.111 Hardness

Hardness is a property of a material which measures the material’s resistance against to plastic deformation. The study
reported on the formation of fine grains and finely dispersed p phase (harder phase) in the matrix improves the hardness of the
AZ91 alloy with addition of scandium [25]. The work reported that high hardness was found in highly strained regions, which
undergone static and dynamic recovery which forms a new grains and dispersed B phase causes to hardness improvement [26].
Similarly study reported on effect of reinforcements like hard ceramic particles, ceramic whiskers, and fibers helps in improves
the hardness of AZ91 alloy with a reinforce of SiCw [27]. Parallel study on reinforcement of Ce based metal in AZ91 alloy by
roller melt spinning process refines the microstructure and improves the hardness to 206 HB [28]. The strength and hardness of
Mg-alloys with different reinforcement [29] was shown in Fig 3.
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Fig. 3. Strength and hardness of AZ91 reinforced with different particles

1.1V Wear Resistance

The wear rate of AZ91 alloy is governed by the precipitates in the matrix. The wear is effected by factors like abrasion,

oxidation, and bulk material transfer in the solution treated specimens. Basically a fine-grain structured alloy have more wear
resistant than coarse grain structured alloy due to its higher hardness. The reported work concludes that remelting of AZ91 alloy
using a continuous wave CO2 laser causes to refines its microstructure, which results in improves the hardness further it turns to
get high wear resistance on the surface of the alloy [30]. The peak aged AZ91 alloy shows better wear resistance than a solution
treated alloy where sliding velocity between 0.05 and 0.20 m/s against Al- alloy [31].
The reinforcement of rare earth (RE) elements in AZ91 alloy showed the improvement in wear resistance, perhaps addition of 3
%RE increases the wear resistance at testing temperature between 373 to 523 K was reported [32]. The similar studies reported
on addition of ceramic particles like TiB2, TiC, SiC, WC, graphite and solid lubricant additives successfully improve the
tribological characteristic of the AZ91 alloy. The observations of the study note that addition of above reinforcements with self-
propagating high temperature synthesis was also improves the AZ91 alloy wear resistance [33-34].

1.V Ductility, Tensile Strength, Yield Strength

The strengthening mechanisms like grain refinement, partial dissolution, and disintegration of  phase in AZ91 alloy causes to
improve the tensile properties. The study reported that SiC particles refines the microstructure and improves the tensile strength of
the AZ91-SiC composite [35]. The work reported that Orowan strengthening mechanism and Hall-Petch effect on tensile and
yield strength was studied [36]. The work reported on annealing of AZ91 alloy produces different B phases at specific
temperatures, which influences its tensile properties. Heat treatment of AZ91 alloy at 423 K express the fine grains and dispersed
B phase results exhibit high tensile strength [37]. The work study reported that reinforcements like Ca and RE would improves the
tensile strength of AZ91 alloy, where 2%Ca induces the dissolution of B phase and formation of new Al2Ca phase, the fine grains
and newly formed Al2Ca phase could improve the ductility and tensile strength by 20% [38]. Yield and elastic modulas of Mg-
alloy with addition of SiC volume fraction [39] was shown in Fig 4.
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Fig. 4. Yield strength and elastic modulus of injected SiC/AZ91 composite

11.VVI Corrosion Resistance

The common polarization method is known to be more effective in pitting corrosion, whereas other method like cathodic and
anodic polarization method is found to be more effective in finding uniform and localized corrosion in AZ91 alloy [40]. The
study reported that adding of new alloying elements improves the corrosion resistance of the AZ91 alloy. The formation of new
intermetallic phase MgAI4Y in AZ91-0.3Y alloy reduces the continuity of p phase [41]. The study reported that surface activity
of AZ91 alloy was reduced by applying the surface modification techniques which helps in improves the corrosion resistance.
Some of the studies were addressed here, the work reported that Zr along with heat treatment process increases the corrosion
resistance of AZ91 alloy treated in NaCl solution [42]. Another study says that reduction of galvanic contact between o phase and
B phase increases the corrosion resistance of the alloy [43]. The addition of 1% Ca to AZ91 alloy increases the corrosion
resistance of the alloy. The corrosion current AZ91 alloy containing Ca is lower than the as-cast AZ91 alloy. However, the tensile
strength of AZ91-Ca decreases 15% with respect to the as-cast AZ91 alloy [44]. The surface modification can be done by
microstructural and/or composition change. The surface composition change should provide good corrosion resistance and bio-
compatibility [45]. The formation of TiO2 on the surface of AZ91-TiN coated samples and Al203 on the surface of AZ91-AIN
increases the corrosion resistance in Hank’s solution. The corrosion resistance of the coated AZ91 alloy is higher in Hank’s
solution than in 3.5% NaCl solution [46].

The challenging factors to the manufacturers [47] while utilizing the Mg-alloys was shown in fig 5.
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Fig. 5. Challenges of utilizing magnesium alloy for industrial and biomedical applications

The next generation Mg-alloys were developed from the basic Mg-alloys to meet industry requirements. The future directions of
the Mg-alloys developed for various automotive applications required specific property was shown in Fig 6.
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Fig. 6. Future directions of Magnesium alloy development for automotive applications

11.VI11 Fatigue Resistance

The study reported that, fracture mechanics effect on gravity and die cast composites made by AZ91 alloy, it seems that in
gravity cast coarse grained structure intermetallic B phase will initiate the cracks. It also observe that in fine-grained die cast crack
will initiate from the cast defects [48]. The another study says that Irrespective of the material fabrication route and type of
loading, pores in the matrix act as nucleation sites for the cracks [49]. The parallel studies reported that the fatigue limit of gravity
cast AZ91 alloy is lower in transverse load than axial load in high cycle fatigue analysis [50].

The study reported that in the rolled direction AZ91 alloy develops an anisotropic property which help in enhanced the fatigue
resistance of an alloy and also peak stress and stress ratio has an effect on fatigue life of materials [51]. The study revealed that
grain refinement can resist the crack initiation, which results on decreased slip distance in high pressure die cast of AZ91 alloys
[52]. The study reported that, the fracture test results reveals that at T6 condition AZ91alloy exhibits improved fracture resistance
[53].

I1.VI1I Creep Resistance

The improved creep properties were reported from the study, where AZ91 cast alloys were undergone solution heat treatment
[54]. The B phase by virtue of its property which improves the creep resistance of AZ91 alloy, but B phase coarsens and softens at
elevated temperatures, which in turn reduces the creep resistance of AZ91 alloy [55]. The work reported that, uniaxial tensile load
was applied to study the creep characteristics of die-cast AZ91 alloy and AE44 alloy. The creep behavior of AZ91 is exhibits
better results than that of AE44 at low loads [56]. The study reported on estimate the creep behavior of AZ91 alloy with the
addition of Si and Sb by casting, the results reveals that IMC like Mg2Si improves the creep life of AZ91 alloy, whereas the other
compound Mg3Sh2 does not significantly improve the creep life [57]. Another study reported that, at high temperature dislocated
grains were observed which causes to low stresses in AZ91 alloy. Addition of alloying elements such as Si, Sb, Sn, Ca, Bi, RE
(except Ce) independently or in combination was improves the creep resistance of AZ91 alloy through the formation of new
IMCs [58]. The published work revealed that influence of AZ91 alloy reinforced with 15%, 20% and 25% SiC by stir casting
method has improves the creep behavior under various loading conditions [59]. The work reported that, addition of Ca and Sb
facilitates the formation of new IMCs as Al2Ca and Mg3Sb2, which in turn diminished the formation of  phase. This
microstructural configuration improves the impression creep behavior of AZ91-Ca-Sb [60].

I11. Conclusion:

From the result of various studies done on Mg-alloy are aimed to improve the material properties and similarly reduce the
processing cost. A new approach was adopted to develop a hybrid composites under the class of discontinuously-reinforced Mg
composites. Hybrid composites are compounds, consists of two or more kinds of reinforcements like metals and nonmetallic
particulates added simultaneously to the base matrix. The hybrid composites have an ability to accommodate Mg-hybrid
composites with optimized properties. It is essential for many applications in transport and automotive sectors. The extended
series of AZ91 E derived from basic AZ91 alloy, which has many advantages than existing AZ91 Mg-alloy. The present review
focus on development of new class of AZ91E with hybrid composites to explore better properties than present AZ91 alloy.

JETIR2112371 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ d602


http://www.jetir.org/

© 2021 JETIR December 2021, Volume 8, Issue 12 www.jetir.org (ISSN-2349-5162)

References

1) Avedesian MM, H. Baker (eds) (1999) ASM Specialty Handbook—Magnesium and Magnesium Alloys. Materials Park, OH:
ASM International.

2) Polmear I J (1994) Magnesium Alloys and Applications. Mater Sci Technol 10: 1-16.

3) Macke A, Schultz BF, Rohatgi P (2012) Metal Matrix Composites Offer the Automotive Industry an Opportunity to Reduce
Vehicle Weight, Improve Performance. Adv Mater Proc 170(3): 19-23.

4) Mezbahul-Islam Md, Ahmad omar mostafa, Mamoun Medraj (2014) Essential Magnesium Alloys Binary Phase Diagrams
and Their Thermochemical Data. J Materials 1-33.

5) Clyne TW, Withers PJ. (1993) An introduction to metal matrix composites, Cambridge University Press, Cambridge.

6) Hartaj Singh, Sarabjit, Nrip Jit, Anand K Tyagi (2011) An Overview of Metal Matrix Composite: Processing and Sic Based
Mechanical Properties. J Engg Res Stu 2 (4): 72-78.

7) Sameer Kumar D, Suman KNS (2014) Selection of Magnesium Alloy by MADM Methods for Automobile Wheels. Int J
Engg Manuf 4 (2): 31-41.

8) Westengen H, Rashed HMMA (2016) Magnesium alloys: alloy and temper designation system. Reference Module in
Materials Science and Materials Engineering 1-3.

9) Mingbo Y, Fusheng P, Renju C, Jia S (2008) Comparison about Effects of Sh, Sn and Sr on As-Cast Microstructure and
Mechanical Properties of AZ61-0.7 Si Magnesium Alloy. Mater Sci Eng A 489(1): 413-418.

10) Lloyd DJ (1994) Particle Reinforced Aluminium and Magnesium Matrix Composites. Int Mater Rev 39 (1): 1-23.

11) Ibrahim I, Mohamed AF, Lavernia EJ (1991) Particulate Reinforced Metal Matrix Composites—A Review. J Mater Sci
26(5): 1137-1156.

12) Govindaraju M, Vaira Vignesh R, Padmanaban R (2019) Effect of heat treatments on the microstructure and mechanical
properties of friction stir processed magnesium alloy AZ91D. Met Sci Heat Treat 61: 46-52

13) XuJ, Wu G, Liu W, Zhang Y, Ding W (2013) Effects of rotating gas bubble stirring treatment on the microstructures of
semi-solid AZ91-2Ca alloy. J Magnes Alloys 1: 217-223.

14) Liu SF, Li B, Wang XH, Su W, Han H (2009) Refinement effect of cerium, calcium and strontium in AZ91 magnesium
alloy. J Mater Process Technol 209: 3999-4004.

15) Lee S, Lee SH, Kim DH (1998) Effect of Y, Sr, and Nd additions on the microstructure and microfracture mechanism of
squeeze cast AZ91-X magnesium alloys. Metall Mater Trans A 29: 1221-1235.

16) Kocich R, Greger M, Machackova A (2006) Simulation and practical verification of ECAP of magnesium alloy AZ91. J
Achiev Mater Manuf Eng 18: 295-298.

17) Khani S, Aboutalebi MR, Salehi MT, Samim HR, Palkowski H (2016) Microstructural development during equal channel
angular pressing of as-cast AZ91 alloy. Mater Sci Eng A 678: 44-56.

18) Stépanek R, Pantélejev L, Mostaed E, Vedani M (2017) Mechanical properties of extruded and ECAP processed magnesium
alloy AZ91 at elevated temperature. Mater Sci Foru 366-371.

19) Jamali SS, Faraji G, Abrinia K (2016) Evaluation of mechanical and metallurgical properties of AZ91 seamless tubes
produced by radial-forward extrusion method. Mater. Sci. Eng. A 666, 176— 183.

20) Kim SH, You BS, Park SH (2017) Effect of billet diameter on hot extrusion behavior of Mg— Al-Zn alloys and its influence
on microstructure and mechanical properties. J. Alloys Compd. 690: 417-423.

21) Faraji G, Jafarzadeh H, Jeong HJ, Mashhadi MM, Kim HS (2012) Numerical and experimental investigation of the
deformation behavior during the accumulative back extrusion of an AZ91 magnesium alloy. Mater Des 35: 251-258.

22) Pilehva F, Zarei-Hanzaki A, Fatemi-Varzaneh SM (2012) The influence of initial microstructure and temperature on the
deformation behavior of AZ91 magnesium alloy. Mater Des 42: 411-417.

23) Al-Zubaydi ASJ, Zhilyaev AP, Wang SC, Kucita P, Reed PAS (2016) Evolution of microstructure in AZ91 alloy processed
by high-pressure torsion. J Mater Sci 51: 3380- 3389.

24) Kim YS, Kim WJ (2016) Microstructure and superplasticity of the ascast Mg—9AI-1Zn magnesium alloy after high-ratio
differential speed rolling. Mater Sci Eng A 677: 332-339.

25) Amal Rebin AX, Kumaran S, Srinivasa Rao T (2012) Influence of Scandium on Magnesium and its structure-property
correlation. Mater Sci Foru 710: 132-136.

26) Chalay-Amoly A, Zarei-Hanzaki A, Changizian P, Fatemi- Varzaneh SM, Maghsoudi MH, (2013) An investigation into the
microstructure strain pattern relationship in extruded AZ91 magnesium alloy. Mater Des 47: 820-827.

27) Zheng M, Zhang W, Wu K, Yao C (2003) The deformation and fracture behavior of SiCw/AZ91 magnesium matrix
composite during in situ TEM straining. J Mater Sci 38: 2647-2654.

28) Regutaa T, Czekaja E, Fajkiela A, Saja K, Lech-Gregab M, Bronickic (2010) Application of heat treatment and hot
extrusion processes to improve mechanical properties of the AZ91 alloy. Arch Foundry Eng 10: 141-146.

29) Schroder J, Kainer KU, Mordike BL (1989) Developments in the Science and Technology of Composite Materials, ECCM 3,
Bordeaux, France, 20-23.

30) lIwaszko J, Strzelecka M, (2016) Effect of cw-CO2 laser surface treatment on structure and properties of AZ91 magnesium
alloy. Opt Lasers Eng 81: 63-69.

31) Kumar S, Jain J, Kumar D (2017) Tribological study of heat treated AZ91 alloy against Al6351 under dry conditions. Key
Eng Mater 737: 168-173.

32) Zafari A, Ghasemi H, Mahmudi R (2014) An investigation on the tribological behavior of AZ91 and AZ91 + 3wt% RE
magnesium alloys at elevated temperatures. Mater Des 54: 544-552.

33) Ma B, Wang H, Wang Y, Jiang Q (2005) Fabrication of (TiB2-TiC) p/AZ91 magnesium matrix hybrid composite. J Mater
Sci 40: 4501-4504.

JETIR2112371 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ d603


http://www.jetir.org/

© 2021 JETIR December 2021, Volume 8, Issue 12 www.jetir.org (ISSN-2349-5162)

34) Girish BM, Satish, S. Sarapure, Basawaraj (2016) Optimization of wear behavior of magnesium alloy AZ91 hybrid
composites using Taguchi experimental design. Metall Mater Trans A 47: 3193-3200.

35) Guo W, Wang QD, Li WZ, Zhou H, Zhang L, Liao WJ (2017) Enhanced microstructure homogeneity and mechanical
properties of AZ91-SiC nanocomposites by cyclic closed-die forging. J Compos Mater 51: 681-686.

36) Aravindan S, P. Rao, Ponappa K, (2015) Evaluation of physical and mechanical properties of AZ91D/SiC composites by two
step stir casting process. J Magnes Alloys 3: 52-62.

37) Leo Prakash DG, Regener D,Vorster WJJ (2008) Effect of long term annealing on the microstructure of hpdc AZ91 Mg
alloy: a quantitative analysis by image processing. Comput Mater Sci 43: 759-766.

38) Zhang Y, Wu G, Liu W, Zhang L, Pang S (2015) Ding, Microstructure and mechanical properties of rheo-squeeze casting
AZ91-Ca magnesium alloy prepared by gas bubbling process. Mater Des 67: 1-8.

39) Palash Poddar, Srivastava VC, De PK, Sahoo KL (2007) Processing and mechanical properties of SiC reinforced cast
magnesium matrix composites by stir casting process. Mater Sci Eng A 460-461: 357-364.

40) Tkacz, J, Minda J, Fintova S, Wasserbauer J (2016) Comparison of electrochemical methods for the evaluation of cast AZ91
magnesium alloy. Materials 9: 1-14.

41) Luo TJ, Yang YS, Li YJ, Dong XG, (2009) Influence of rare earth Y on the corrosion behavior of as-cast AZ91 alloy.
Electrochim Acta 54: 6433-6437.

42) Luo TJ, Yang YS (2011) Corrosion properties and corrosion evolution of as-cast AZ91 alloy with rare earth yttrium. Mater
Des 32: 5043-5048.

43) Ko YG, Lee KM, Shin DH (2011) Electrochemical corrosion properties of AZ91 Mg alloy via plasma electrolytic oxidation
and subsequent annealing. Mater Trans 52:1697-1700.

44) Kannan MB, Raman RKS (2008) In vitro degradation and mechanical integrity of calcium-containing magnesium alloys in
modified-simulated body fluid. Biomaterials 29: 2306-2314.

45) Yang Y (2011) Surface modifications of magnesium alloys for biomedical applications. Ann Biomed Eng 39: 1857-1871.

46) Rosli ZM, Mahamud ZB, Juoi JM, Nafarizal N, Loon KW, Yusuf Y, Ab Maulod HE (2012) Corrosion behavior of AZ91
Mg alloy coated with AIN and TiN in NaCl and Hank’s solution. Adv Mater Res 626: 275-279.

47) Vaira Vignesh R, Padmanaban R, Govindaraju M (2019) Investigations on the surface topography, corrosion behavior, and
biocompatibility of friction stir processed magnesium alloy AZ91D. Surf Topogr Metrol Prop 7:

48) Schick E, Regene D (2013) Fracture mechanics testing of magnesium alloy ingots and die castings, in ECF13, San Sebastian.

49) Murugan G, Raghukandan K, Pillai UTS, Pai BC (2009) Influence of transverse load on the high cycle fatigue behavior of
low pressure cast AZ91 magnesium alloy. Mater Des 30: 4211-4217.

50) Murugan G, Raghukandan K, Pillai UTS, Pai BC, Mahadevan K (2009) High cyclic fatigue characteristics of gravity cast
AZ91 magnesium alloy subjected to transverse load. Mater Des 30: 2636-2641.

51) Lin YC, Chen XM, Liu ZH, Chen J (2013) Investigation of uniaxial low-cycle fatigue failure behavior of hot-rolled AZ91
magnesium alloy. Int J Fatigue 48: 122-132.

52) Preciado M, Bravo P, Cardenas D (2016) Influence of porosity in the fatigue behavior of the high-pressure die-casting AZ91
magnesium alloys. J Eng Mater Technol 138: 041006.

53) Barbagallo S, Cerri E (2004) Evaluation of the KIC and JIC fracture parameters in a sand cast AZ91 magnesium alloy. Eng
Fail Anal 11: 127-140.

54) Gariboldi E, Ge Q, Lecis N, Spigarelli S, EI Mehtedi M (2013) Creep behaviour of deep cryogenic treated AZ91 magnesium
alloy. Metall Sci Technol 30: 19-27.

55) Kabirian F, Mahmudi R (2009) Impression creep behavior of a cast AZ91 magnesium alloy. Metall Mater Trans A 40: 116—
127.

56) Leitner H, Eichlseder W (2009) Creep and relaxation behaviour of Mg—Al based die cast alloys AZ91 and AE44.
Proceedings of EMC. 1-15.

57) Srinivasan A Ajithkumar K, Swaminathan J, Pillai U, Pai B (2013) Creep behavior of AZ91 magnesium alloy. Procedia Eng
55: 109-113.

58) Shahbeigi Roodposhti P, Sarkar A, Murty KL (2016) Scattergood, Effects of microstructure and processing methods on creep
behavior of AZ91 magnesium alloy. J Mater Eng Perform 25: 3697—37009.

59) Viswanath A, Dieringa H, Ajith Kumar KK, Pillai UTS, Pai BC (2015) Investigation on mechanical properties and creep
behavior of stir cast AZ91-SiCp composites. J Magnes Alloys 3: 16-22.

60) Bankoti AKS, Mondal AK, Dieringa H, Ray BC, Kumar S (2016) Impression creep behaviour of squeeze-cast Ca and Sh
added AZ91 magnesium alloy. Mater Sci Eng A 673: 332—-345.

JETIR2112371 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ d604


http://www.jetir.org/

