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Magnesium alloys continue to be important in the context of modern and lightweight technologies. The increased use of

Mg each year indicates a rise in demand for alloys containing Mg. With additive manufacturing (AM), components can be

produced directly in a net shape, providing new ideas relating to the new prospects for Mg-based materials. 
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1. Introduction

The high feasibility of unique physical structures prepared by 3D printing widens the opportunities offering new

advancements in additively manufactured Mg alloys. Magnesium (Mg) is the least dense of the engineering metals (1.74

g/cc), with densities that are roughly 65% lower than those of aluminum alloys, 38% lower than those of titanium, and 25%

lower than those of steel . Mg-based materials are desirable for lightweight applications in consumer electronics,

aerospace, and automotive industries, resembling high specific strength . With suitable biodegradability, the elastic

modulus of Mg-based alloys is quite similar to that of natural bone i.e., 45 GPa  imparting protection against the stress

shielding and providing sufficient healing to tissue. Mg-based materials are quite often found suitable for orthopedics in

biomedical applications, such as fracture fixation, dynamic stability, joint replacement, cardiology, and maxillofacial

applications . Currently, casting (including precision die casting) accounts for more than 95% of the production of

magnesium alloy products, whereas wrought magnesium alloys are only used in a restricted number of applications due

to their poor formability and processability at room temperature .

Since additive manufacturing (AM) enables design capabilities that are not possible with traditional manufacturing and

maybe also because material properties are still unknown, the interest in Mg alloys among the materials community is

expanding. Additive manufacturing offers several exceptional benefits, including design freedom (topology optimization),

little resource waste, and low energy consumption . The drawback of traditional (formative or sub-tractive) fabrication

routes is also eliminated by AM. The construction of precise geometrical characteristics such as those seen in Figure 1 is

made possible by the capacity to produce complicated external and internal geometries with great accuracy . With

design flexibility, it is possible to optimize topology and use free space as a design variable to form the lightest

engineering materials more-lighter. Furthermore, components having a big surface area, when utilized as biomaterials,

enabled cell development, bone regeneration, and proliferation; alternatively, when employed as Mg electrodes, these

components would offer a sizable reaction area . The AM technique used for Mg-based materials is proved to be

advantageous in fulfilling the rising demands for high-performance implants (biodegradable) for vascular and orthopedic

surgery and making technological production more patient-specific and optimized the topological implants practically 

. Additionally, the exact control of the process variables might result in alloys with custom microstructures and

characteristics. Numerous AM techniques have been successfully used in recent studies to produce novel alloys with

improved properties that are based on Al, Fe, and Ti . However, there hasn’t been much research done on AM-

Mg alloys thus far. This may be partly because magnesium is reactive under air circumstances, which presents questions

about health and safety as well as handling, oxidation, and evaporation of Mg-based materials. The research study from

2010 entails the controlling of risk factors while persisting with Laser-Powder Bed Fusion (LPBF) as depicted in Figure 2.

The LPBF approach of additive manufacturing is extremely effective in preparing additively manufactured Mg-based

material products with greater accuracy by varying the compositions of the Mg alloys . The required objective adheres

to the current developments in AM-based Mg materials, thoroughly examining and evaluating the findings so far, and

identifying the critical element that controls the overall characteristics of AM-based Mg materials.
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Figure 1. Laser powder-bed fusion (LPBF) created an Mg-shaped lattice structure in a magnesium alloy .

Figure 2. Advancement in the development of the Mg-based alloy via additive manufacturing powder-based approach .

2. Laser-Based Additive Manufacturing Approach

The most extensively researched energy source for AM-Mg is a laser, which offers certain distinct benefits over other

energy sources. To melt the powder, lasers (high concentration of heat) are concentrated over the specified area of the

powder bed for a short time duration. The molten powder is rapidly heated and quenched by this short-duration heat flux,

which promotes fast solidification. The most extensively used additive manufacturing technique for magnesium alloys is

attributed to LPBF, often recognized as SLM (Selective laser melting). Only a very small number of studies related to AM-

based Mg materials are attributed to DLD (Direct laser deposition). Today, the LPBF method is regarded as a potent and

effective additive manufacturing technique for creating intricate 3D forms with high levels of precision and reproducibility

together with acceptable metallurgical qualities . Mg has an evaporation point of 1091 °C, while Al and Ti have

evaporation points of 2470 °C and 3287 °C, respectively . As a result, the temperature during LPBF will undoubtedly be

higher than the temperature at which magnesium vaporizes, changing the composition of magnesium alloys generally.

Systematically examining the evaporation during LPBF was done by We et al. . It was discovered that the melting

pool’s rising temperature greatly quickens the rate at which magnesium burns. Several processing parameters, such as

laser power, scan speed, hatch spacing, and layer thickness, have an impact on the melt pool’s temperature. Porosity was

regarded as the most critical issue while dealing with the LPBF approach for Mg-based material that needs to address, in

addition to evaporation. Table 1 summarizes the impact of processing factors on the porosity of magnesium particularly. It

was discovered by analyzing the reference papers that LPBF powders are categorized as mixed Mg and Al powder, rather

than Mg-Al powders that have already been pre-alloyed . This indicates that achieving high relative

density utilizing mixed elemental powders (metal) may be more challenging, since the various thermal characteristics of

each element may generate substantial local incompatibility in rapid cooling.
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Table 1. Processing parameters of Mg-based alloy prepared by Additive Manufacturing powder-based approach.

Alloy
Components

Size
(μm) and
Shape of
Powder

Methodology Parameters Used in Powder-Based Additive
Manufacturing Approach

Input
Energy
Density
(J/mm )

Relative
Density

(%)
References

   Power
(W)

Spot
Size
(μm)

Speed
(mm/s)

Layer
Thickness
(μm)

Hatch
Spacing
(μm)

   

Mg (Pure)

Pre-
alloyed
24 μm,

spherical
shape

Laser-
powder bed

fusion
75 85 500 25 35 155 96.5

     1240   63 88.2  

Mg (Pure)

Pre-
alloyed
43 μm,

spherical
shape

Laser-
powder bed

fusion
85 90 90 25 90 290 96

   85  100   
Less
than
300

  

Mg-9Al alloy

Blended
Mg with
size 42

μm,
irregular
shape,
and Al
17 μm,

spherical
shape

Laser-
powder bed

fusion
10 30–

75 10 50 80 250 74.5

   15  20   187 78  

   15  40   94 86.1  

   20  40   125 82  

Mg-9Al alloy

Blended
Mg with
size 24

μm,
spherical

shape,
and Al
28 μm,

spherical
shape

Laser-
powder bed

fusion
70 80 500 30 30 156 95.7

     750   104 88  

     1000   78 83  

     1250   63 81  

AZ61 alloy

Pre-
alloyed

with
powder
size 48

μm,
spherical

shape

Laser-
powder bed

fusion
145 75 300 45 65 210 Less

than 99

     350   181   

     400   158   

     450   141   

     400  85 157 99.1  
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Alloy
Components

Size
(μm) and
Shape of
Powder

Methodology Parameters Used in Powder-Based Additive
Manufacturing Approach

Input
Energy
Density
(J/mm )

Relative
Density

(%)
References

   Power
(W)

Spot
Size
(μm)

Speed
(mm/s)

Layer
Thickness
(μm)

Hatch
Spacing
(μm)

   

     400  110 95 98.1  

AZ61 alloy

Powder
size with
70 μm,

spherical
shape

Laser-
powder bed

fusion
65 155 400 55 55 6000 77

   75     7000 89  

   85     8000 99  

   95     9000 95  

AZ91 alloy

Powder
size with
59 μm,

spherical
shape

Laser-
powder bed

fusion
210  333 45 95 168 99.57

AZ91 alloy

Powder
size with

53–75
μm,

spherical
shape

Laser-
powder bed

fusion
125 85 10 355 510 70 96.62

AZ91 alloy

Powder
size with

25–63
μm,

spherical
shape

Laser-
powder bed

fusion
110 95 800 35 45 105 Less

than 99

AZ91 alloy

Powder
size with
30 μm,

spherical
shape

Laser-
powder bed

fusion
45 – 200 35 35 279 98

AZ91/SiC
composite

Powder
size with
50 nm,

SiC
particles

       98.2  

WE43 alloy

Powder
size with
25 μm,

spherical
shape

Laser-
powder bed

fusion
125 95 960 35 45 105 98.5

 

Powder
size with
30 μm,

spherical
shape

 145  1200   105 99.1  

 

Powder
size with
63 μm,

spherical
shape

 310  1200   209 99.4  

WE43 alloy

Powder
size with

25–63
μm,

spherical
shape

Laser-
powder bed

fusion
205 95 700 35 45 239 99.78
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Alloy
Components

Size
(μm) and
Shape of
Powder

Methodology Parameters Used in Powder-Based Additive
Manufacturing Approach

Input
Energy
Density
(J/mm )

Relative
Density

(%)
References

   Power
(W)

Spot
Size
(μm)

Speed
(mm/s)

Layer
Thickness
(μm)

Hatch
Spacing
(μm)

   

WE43 alloy

Powder
size with

25–63
μm,

spherical
shape

Laser-
powder bed

fusion
205 75 1100 45 135 38 99.6

WE43 alloy

Powder
size with

25–63
μm,

spherical
shape

Laser-
powder bed

fusion
205 130 700 35 45 239 99.89

WE43 alloy

Powder
size with

25–63
μm,

spherical
shape

Laser-
powder bed

fusion
200 110 800 35 210 42 99.75

   200  800  245 35 98.4  

   200  1200  210 29 96.6  

   200  1200  210 20 87.7  

G10K alloy

Powder
size with
63 μm,

spherical
shape

Laser-
powder bed

fusion
85 – 200 35 90 135 99.3

GZ112K
alloy

Powder
size with

31–44
μm,

spherical
shape

Laser-
powder bed

fusion
85 110 100 35 90 268 98.9

     300   90 99.8  

     500   54 99.4  

     700   39 99.5  

     1000   28 96.4  

     1500   19 71.9  

     500  45 106 99.4  

     500  145 37 96.4  

GZ151K
alloy

Powder
size with

25–65
μm,

spherical
shape

Laser-
powder bed

fusion
210 – 700 35 75 138 98
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While some degree of porosity is acceptable because it is unavoidable, hot ripping and cracking must be avoided. The

most serious problems that lower the as-built component’s quality in LPBF are hot tearing and cracks . In general,

low constitutional supercooling gives rise to the formation of columnar grains, but the temperature gradient is still

substantial, making them particularly susceptible to hot ripping. Along with volumetric shrinkage during solidification, the

thermal contraction between the columnar grains, attributed to hot tearing and cavities formation, results in enhancement

in the length of columnar grains when temperature and liquid volume fraction drop . No evidence related to the effects

of processing parameters and alloying elements on hot tearing evolved in Mg-based materials advancing to the LPBF

technique. Therefore, as per the future aspect, the significance of alloying elements might be considered a better option

along with processing parameters identifying the behavior of tearing in Mg materials. Empirically, an alloy (Mg-6Zn) that

has columnar grains and entails a high solidification range might be considered more vulnerable to cracking .

Furthermore, research can be accomplished in evaluating the fracture mechanism of additively manufactured Mg-based

material identified as a function of process parameters of LPBF and the composition of the alloy.

3. Investigation of Mg Alloy via Additive Manufacturing

Advancing to additive manufacturing approach for Mg-based materials, very few combinations have been studied when

compared to wrought and cast alloys. This is primarily due to the high expense of producing atomized pre-alloyed powder

on a customized basis, which is highly expensive compared with the customized composition of wrought and cast alloy.

Pure magnesium, AZ91, and WE43 are now the most widely used compositions of magnesium-based materials used for

additive manufacturing . These alloys are attributed to superior printability, sustainability in structural and

biological applications, and attracting market demand (for being lightweight). The detailed research outcomes of the

various research studies have been compiled in the section below to identify the development relating to the AM approach

to Mg alloy. The study paved a way for future research related to additively manufactured Mg-based materials.

3.1. Pure Mg Alloy

At the initial stage the researcher, Ng et al. examined the first experimental approach to produce customized equipment

using a laser-based additive manufacturing approach relating to Mg-based material . The Nd-YAG laser was used

primarily as a source of heat to melt the powder over the powder bed in the LPBF approach. For a single-track laser scan,

several laser powers and scan speeds were tested during the initial research relating the Mg-based material to the LPBF

approach. The variation of laser power with scan speed was depicted in Figure 3A . It was concluded from various

research studies that the LPBF approach of additive manufacturing does not succeed with irregular and coarse powder.

Other than that, the LPBF approach holds good accountability with spherical and atomized fine powder under the pre-

requisite condition of processing parameters . The variability of grain size with pure Mg obtained via LPBF was

observed in the range of 2 to 5 μm. To incorporate such a tiny grain size in pure Mg is quite a difficult task before

advancing to the LPBF. Only an extreme plastic deformation approach at low-temperature conditions was able to

accommodate the tiny grain size distribution in pure Mg materials . Therefore, the LPBF approach plays a significant

role in refining the microstructure of material over traditional casting and thermomechanical processing. Furthermore,

research studies identified that the LPBF single-track sample has an extremely high hardness as well as a significant

density of cracks around the grain boundaries and formed the oxide layers around the boundary . The researcher

Hu et al. developed the first bulk Mg relating to the LPBF approach used in producing customized parts of Mg material.

For the spherical shape of powder, the high density of gas pores was obtained through the LPBF approach, while the

irregular shape of powder marks the abundance of fusion pores but resembles the structure depicting certain

interconnectivity between the pores . Pure Mg material relating to the additive manufacturing approach can be

produced by the DLD approach (Direct laser deposition) of additive manufacturing in addition to the LPBF approach 

.

Alloy
Components

Size
(μm) and
Shape of
Powder

Methodology Parameters Used in Powder-Based Additive
Manufacturing Approach

Input
Energy
Density
(J/mm )

Relative
Density

(%)
References

   Power
(W)

Spot
Size
(μm)

Speed
(mm/s)

Layer
Thickness
(μm)

Hatch
Spacing
(μm)

   

Mg-1Zn alloy

Blended
Mg-5.5Zn

with
Powder
size of
36 μm

involving
Mg

powder
size 31
μm and

Zn
powder
size 19

μm;
spherical

shape

Laser-
powder bed

fusion
185 140 700 25 75 184 99.1

Mg-2Zn alloy         98.5  

Mg-6Zn alloy         94.9  

Mg-12Zn
alloy         99  

ZK60 alloy

Powder
size with
30 μm,

spherical
shape

Laser-
powder bed

fusion
210 140 300 25 85 418 95

     500   255 94  

     700   180 89  

     900   140 85  

3
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Figure 3. (A) Processing parameters of laser-based powder approach, (B) (a–c) depicted EBSD orientation, (b–d) SEM

characterization of AZ91 alloy formed by laser powder bed fusion .

3.2. Mg-Al Alloy

The most significant commercial composition of Mg-Al-based alloys in the cast and wrought forms is AZ31 . While

the majority of the formation of AZ31 alloy-based additively manufactured parts is attributed to the wire-arc approach but

there is very little literature on laser-powder-based additive manufacturing. In actuality, high-Al concentration Mg-Al alloys,

such as AZ91, make up the majority of laser-based Mg-Al alloys . This is because the addition of Al necessitates grain

refinement of the alloys through super-heating or inoculation, enhances castability (hence printability), and offers

reinforcement through the solute and β-Mg Al  intermetallic phase . Coming to the LPBF approach, Pawlak et al.

investigated the fabrication of AZ31 alloy-based material parts via the LPBF approach and attributed it to the low porosity

level of around 0.5% . In LPBF, AZ61 and AZ91 also attain such a low porosity level, proving the alloy’s acceptable

printability . The AZ91 and AZ61 alloys forming through the LPBF approach attributed to equiaxed and fine grain

distribution, as well as attaining the texture that was almost randomly distributed . Figure 3(Ba) marks the

variation in the grain size distribution ranging from 1 to 3μm in Mg-Al alloy prepared via the LPBF approach. According to

some research, the β-Mg Al  intermetallic is primarily absent from the grain interior and is instead scattered along the

grain boundaries and linked, as seen in Figure 3(Bb) . However, some results display grains that are extended in the

construction direction seen in Figure 3(Bc). While the intermetallic phase (β-Mg Al ) finds around the grain boundary.

Furthermore, the research identified that there exist abundant spherical intermetallic (β-Mg Al ) nanoparticles inside

grain boundaries attaining a diameter of around 300 nm as identified in Figure 3(Bd) .

3.3. Mg-RE Alloy

The additively manufactured Mg-RE alloy has received the greatest attention for use in biomedical implants especially

WE43 alloy. Although WE43 alloy attains significant importance in biomedical applications, it also has good printability

which accounts for a new doorway in order to achieve the reduced porosity , better than AZ91 as discussed in .

Being biocompatible, WE43 alloy does not cause any negative cell reactions such as cytotoxicity, whereas Aluminum in

Mg-Al alloy accounted for cytotoxicity. Al is a neurotoxic element that is prohibited from bioabsorbable magnesium alloys

due to the high concern relating to Alzheimer’s disease. Consequently, WE43 alloy has garnered increased interest as a

biodegradable implant material in scaffold applications . Despite, very few grains with aberrant grain development

during LPBF, Zumdick and Jauer’s early tests of LPBF over WE43 showed the formation of equiaxed grains around the

boundary and provides a pathway to the refinement in the grain size, depicted in Figure 4a . Intriguingly, the LPBF

approach over WE43 alloy exhibited a completely different microstructure way back in 2019 pertaining to the similar

processing parameters illustrated by the same research team, entailing the dominance of large, strongly basal-textured

grains with irregular shapes . Figure 4b–d shows that although the laser beam’s quick solidification of the melt pool

produces fine, columnar, equiaxed grains . The succeeding laser scans in the LBPF process result in heat

treatment, which leads to grain development with a distinct [0001]/BD texture. It is demonstrated that, following a single-

layer deposition, there is significant grain development and that, following the formation of two layers, the grains achieve

their maximum size. It is uncertain what precise mechanism results in such vast grain expansion and textural

development. In contrast, no such grain development can be seen in Figure 4a . The authors suggested that yttrium

oxide (Y O ) particles, which are thought to offer Zener-pinning to inhibit grain formation, may be present in varying

proportions in powders from various vendors . In actuality, oxygen and the early RE elements have a strong affinity

towards inhibiting the formation of grains. In comparison to MgO (596 kJ/mol), the Gibbs free energy required for the

production of Y O  and Nd O  is 1815 and 1806 kJ/mol, respectively . Therefore, a significant proportion of RE

oxide has been present in all LPBF-WE43 publications to the date shown in Figure 4e,f . The big and basal-oriented

grains are nonetheless predominant in the WE43 alloy formed by the LPBF approach concluded by Esmaily et al., despite

the high density of RE oxide that doubts the efficiency of RE oxide in preventing grain development from Zener Pinning
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. In actuality, the concentration and types of solute particles often referred to as the Growth Restriction Factor

proposed by St John, have a greater impact on grain growth during solidification . The Growth Restriction Factor (Q)

in this model is

Q = C m(k − 1)

where K relates to the equilibrium distribution coefficient, C  related to the composition of solute particles, and m relates to

the liquidus line slope.

Figure 4. EBSD image shows equiaxed, fine, and random grain representation in (a) bulk LPBF-WE43, (b) last melt pool

corresponds to basal- orientated, large, and irregular shape grains, (c) basal- orientated, large, irregular shape grains in

the bulk sample, (d,e) EDS image at different magnification for same materials, and (f) XRD image depicted intermetallic

and oxygen-rich elements in WE43 alloy .

A larger solute concentration causes a greater thermodynamic limit on grain development that has been observed in

various research studies . Therefore, the low concentration of solute particles relating to the RE element in the

powder prevents the oxidation of WE43 alloy powder during production, transportation, and storage. Due to the inability of

the low solute particle concentration in powder to prevent preferred development, the result is the massive, basally

oriented grains as seen in Figure 4b,c . Therefore, researchers have customized the composition of powder and

inherited various compositions resembling the Mg-Gd systems in addition to experiments based on commercial WE43

powder . The as-LPBF Mg-Gd-based alloy incorporated the significant grain refinement (1–2 μm), resembling

equiaxed grain with the random distribution of grains around the boundary . The relative density of the alloy can reach

99.95%, and it has few oxides and pores. Similar behavior was obtained in DLD (Direct Laser Deposition) manufactured

Mg-10Gd-3Y-0.4Zr alloy with spherical powder (100–300 μm) pertaining to the randomness in the distribution of the

equiaxed grains . DLD reveals that the alloy sample has a bigger grain size and a higher pore percentage. Therefore,

in order to limit the enhancement in the grain size of basal-oriented grains, the appropriate amount of Gd content (>10

wt.%) should be primarily used during solidification, irrespective of any approach used (DLD or LPBF) .

3.4. Mg-Zn Alloy

Despite Zn being biocompatible in nature, Advancement to Mg-Zn alloy has not been explored significantly as comparable

to Mg-RE and Mg-Al alloys. The research studies suggested that the wide range of solidification and low eutectic

temperature (325 °C) of Mg-Zn alloy, accounts for the poor printability as compared with Mg-RE and Mg-Al alloys . Only

at very low (less than 1 wt.%) and very high (12 wt.%) concentrations of Zn will produce an acceptable level of porosity.

Resembling ZK60 alloy where Zn concentration opt at 6 wt.%, the hot cracking and higher density of pores were

accommodated in the additively manufactured ZK60 alloy . As a result, the alloy is rendered useless and unusable.

The research studies concluded that ZK60 alloy produced by the LPBF approach produces a relative density of around

97%. Therefore, the addition of Zn as an alloying element in the additively manufactured Mg-based materials via a laser-

based approach adheres to the minimal quantity. In addition to the Mg-Zn, Mg-RE, and Mg-Al-based alloys, the research
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studies explored the Mg-Sn alloy with the blended powder and Mg-Ca alloy with pre-alloyed powder . The outcomes

depicted the short range of solidification and high value of eutectic temperature (466 °C and 510 °C for Mg-Sn and Mg-Ca

alloy system) which accounts for the higher printability of these alloys as compared with Mg-Zn alloy. Along with good

printability, these alloys incorporated the equiaxed grain and prompted the refinement of the microstructures . But for a

future perspective, more research needs to be carried out on these alloys via LPBF identifying the behavior of

solidification, the evolution of the microstructure, and the mechanical and electrochemical properties .

4. Mechanical Properties of Laser-Based Additive Manufacturing
Approach

Accounting for the mechanical characteristics of additively manufactured Mg materials with a laser-based approach, the

research outcomes are concluded in Table 2 for future research perspective. The graphical variation in the yield strength

with elongation (%) for various wrought alloys (extruded and rolled) and cast alloys is shown in Figure 5a . For laser-

based additively manufactured parts, the compression or hardness test are pre-requisite in order to analyze the

mechanical behavior of the AM-Mg alloy as prepared parts via LPBF account for the ductility of less than 5%, while some

of the alloys have none at all which is unacceptable for engineering material. Other than low ductility, some alloys pertain

the weak texture, or equiaxed, fine grains, and resemble low porosity during the microstructure behavior, irrespective of

low ductility . Low porosity accounts for good printability of the alloying material. Furthermore, research studies

were focused in order to identify the reason for low ductility in laser-based additively manufactured Mg materials. Firstly,

the quick solidification causes the as-LPBF to have significant residual stress, which lowers the alloy’s ductility .

Secondly, the examined alloys such as Mg-Gd, WE43, and AZ91 alloys, include significant amounts of alloying elements

addition incorporated in the intermetallic phase around the grain boundaries. Therefore, due to the formation of the

intermetallic phase around the grain boundary, the brittle behavior as well as local failure around grain boundaries were

observed. The presence of local failure showcases the inability of material to cause the plastic deformation (twining and

slipping around the boundary as well as sliding of grain boundary etc.). Low ductility encountered in the laser-based

additively manufactured part was due to the poor redeposition of powder or vapor over the surface of parts that weakened

the bond between the particles. The fracture surface’s cauliflower-like characteristic is shown in Figure 5b. The WE43

alloy currently has the highest documented ductility among laser-additive-produced magnesium alloys at 12.2% .

Despite the presence of some gas pores, the fracture surfaces were clearly visualized in Figure 5c that the sample has

broken in a ductile manner. A high-temperature annealing approach can increase the ductility of an alloy. The

enhancement in the ductility of WE43 alloy formed by LPBF encountered 2.5% in the as-built state to 4.5% after heat

treatment by annealing at 535 °C for 24 h and aging at 205 °C for 48 h . FSP (Friction stir processing) dramatically

reduces the residual stresses, and grain size, and redistributed the intermetallic of Mg-10Gd-0.3Zr alloy, leading to a more

striking increase in ductility from 2.2 to 7.5% . Although it is unlikely that the net shape component formed via the LPBF

approach will be produced by the friction stir processing approach in actual applications of engineering showcasing that

the alloy formed by the LPBF approach is not inherently brittle in nature . Therefore, the optimization of processing

parameters, composition of the alloy, and quality of powder material used improves the ductility of additively manufactured

Mg alloy by the LPBF approach. The detailed description of the investigation of mechanical characteristics of Mg-based

alloy prepared by powder-based fusion approach of additive manufacturing.

Figure 5. (a) Tensile characterization of additively manufactured Mg-based material via LPBF approach against wrought

and cast alloys, (b,c) Fractured surface of (b) Mg-9Al alloy and (c) WE43 alloy .

Table 2. Various properties of laser beam additively manufactured Mg-alloy.
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Alloy

Input
Energy
Density
(J/mm )

Grain
Size
(μm)

Micro-
Hardness

(HV)

Yield
Strength

(MPa)

Ultimate
Tensile

Strength
(MPa)

Elongation.
(%)

Electrochemical
Solution

Icorr
(μA/cm )

Mass
Loss

mm/Year
References

Mg
(Pure) 97–88 1–5 – – – – Hank’s solution 75–180 5–33

Mg
(Pure) 295 – 52.4 – – – – – –

Mg-9Al 251 15–
25 71 – – –  – –

Mg-9Al 150 1.5–
3.5  – 274 1.1 – – –

AZ61 140 1.5 – 220 275 3.5 – – –

 155 1.7  235 285 3.0     

 180 2.0  220 260 2.9     

 205 2.4  214 240 2.2     

AZ61 125 4.5 71 – – – Simulated body
fluid solution  2.8

 145 9 81      2.5  

 161 10 94      1.3  

 181 12 91      1.6  

AZ91 165–85 1.5–3 86–105 27 296 1.2    

 83 2.9  237 254 1.8     

AZ91 68 1–11 114 – – –    

AZ91 103 1–2 – 270 330 3.9    

AZ91 280 3.5 – 310 350 1.1 – – –

AZ91-
SiC 280 1.2 – 265 310 2.1 – – –  

AZ91–
2Ca – – – 240 335 3.3 – – –

WE43 125 35 – – – – NaCl (0.1 M) 5.1 6.1

 150 28      5.0 –  

 300 19      4.6   

WE43 240 1.5 – 300 310 12.1 – – –

WE43 40 1–4 – 215 255 2.8 – – –

WE43 240 20.5 – – – – – – –

WE43          

G10K 135 28 81 187 230 2.3 – – –

GZ112K 90 1.8 – 330 335 4.2 – – –

GZ151K 140 2.1  350 370 3.2 – – –

Mg-1Zn 185 – 52  150 11.1 – – –

Mg-2Zn   45  75 2.4     

Mg-6Zn   66  55 1.4     

Mg-
12Zn   84  80 3.3     

3

2

[28]
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[11]

[38]

[39]

[40]

[41]
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5. Electrochemical Durability of Mg-Based Alloy Prepared by Lased-Based
Powder Fusion

Biodegradable implants are attributed to the most promising aspect of additively manufactured Mg-based materials. For

better implantation outcomes, oral and maxillofacial implants retained sufficient mechanical integrity for the initial first

month before gradually deteriorating, becoming completely dissolved and metabolized after three months . Given that

magnesium and its alloys are known to have low corrosion resistance in the majority of aqueous settings, this demands

adequate electrochemical durability. With regard to the LPBF approach, the corrosion current density (I ) of Mg (pure) in

Hank’s solution is far better than the cast Mg (pure) ingot tested under the same conditions (23.6 µm/cm ) and varies from

74 to 177 µm/cm  . Depending on the processing conditions, the mass loss rate ranges from 3 to 32 mm/year. In a

solution of 3 wt.% NaCl, the corrosion rate of pure Mg produced by DLD is about 144 mm/year . The loosely fused Mg

clusters and sintered Mg powder provide a negative effect attributing to corrosion resistance. As a result of the higher

corrosion rate, the parts formed by the LPBF approach inherited some defects, advancing localized corrosion . The

rate of degradation increases with the number of faults and defects in the parts formed. Similar to the cast alloy, the LPBF

WE43 alloy displayed significantly less corrosion resistance. In r-SBF solution (revised simulated body fluid) containing

fetal bovine serum up to 5%, the corrosion current density varies from 20 to 60 µm/cm , and in a solution of 0.1 M sodium

chloride, the mass loss rate is approximately 6 times greater as compared with cast WE43 alloy (0.8–1.2 mm/year) 

. Irrespective of higher relative density (<99%), the micro galvanic reaction, attributed to a high density of RE oxide

and reactive magnesium matrix, resulted in an improvement in the rate of corrosion . If the surface of the LPBF-WE43

scaffold is not exposed to PEO (Plasma electrolytic oxidation), it has been reported that the structural integrity of the

scaffold will lose after 21 days of immersion in simulated body fluid (SBF). The research studies concluded that the

corrosion resistance of the cast alloy is superior to that of the Mg-Al-based alloy. The degradation rate for AZ61 alloy

formed by the LPBF approach was approximately 6 to 8 mm/year during the state of as-immersion, and subsequently, it

decreased and gets stabilized in SBF, reducing the degradation rate to about 1.2 to 2.7 mm/year . The aforementioned

degradation is comparable to the cast AZ61 alloy in SBF depicting the rapid rise in the rate of corrosion to around 6.5

mm/year, but slowing down to 1.299 mm/year after 24 days of immersion . The research data concluded that ZK60

alloy formed by the LPBF approach provides superior corrosion resistance as compared with cast ZK60 alloy, based on

the hydrogen evolution rate and corrosion current density data . Apparently, the surface of the ZK60 alloy formed by

the LPBF approach indicates a more severe corrosion rate . By combining ZK powders with Cu powders, Shuai et al.

increased the antibacterial activity of Mg-Zn-Zr implants by adding diluted concentrations of Cu to ZK30 and ZK60 alloy

formed by the LPBF approach . It was concluded that the LPBF ZK-Cu alloy formed by the LPBF approach degrades

more quickly when Cu is added. Therefore, Cu serves as the suitable alloying element to control the degradation rate of

the Mg-Zn-based alloy system.

6. Biocompatibility of Mg-Based Alloy Prepared by Lased-Based Powder
Fusion

The biocompatibility of LPBF-Mg alloys must be taken into account because biodegradable implants are the most

promising application for AM-Mg alloys. Being the crucial component of the human body, the degradation rate of

magnesium-based material shifts the stresses from the implant to the rebuilt bone. Mg-based materials are equivalent to

human bone in terms of both density (1.7 g/cm ) and young’s modulus (45GPa) . Mg is both biocompatible and

bioactive, which considerably encourages cellular division and proliferation . The stabilization of RNA and DNA, as

well as bone formation and healing, all benefit from it. Therefore, the biocompatibility of the alloying components added to

the Mg-based materials attributing to the biodegradable implantation. Furthermore, the research studies depicted that the

neurotoxicity of aluminum ion (Al ), attributing to the accumulation of these ions in the nervous system, resulted in

Alzheimer’s disease. Al addition can increase printability such as Cu, which may have some antibacterial effects but is

primarily cytotoxic . Therefore, it is doubtful that alloys comprising Al and Cu will be found suitable for clinical

application. Numerous research has so far confirmed the in-vitro biocompatibility of WE43 alloy formed by LPBF as a

scaffold implant . Although RE-based magnesium alloys themselves don’t appear to have any cytotoxic potential.

The extensive reactivity of the bare metal surface is attributed to the high evolution of hydrogen gas. The high evolution of

hydrogen gas leads to the shifting of pH, which interferes with cell metabolism . Only a few dead cells could be seen

after direct live/dead staining, and no viable cells could be seen on the WE43 alloy formed by LPBF for scaffold

applications . The conclusive evidence for surface modification, such as plasma electrolytic oxidation, can address this

problem since it slows the production of degradation by-products and, as a result, encourages hardly any evidence of cell

Alloy

Input
Energy
Density
(J/mm )

Grain
Size
(μm)

Micro-
Hardness

(HV)

Yield
Strength

(MPa)

Ultimate
Tensile

Strength
(MPa)

Elongation.
(%)

Electrochemical
Solution

Icorr
(μA/cm )

Mass
Loss

mm/Year
References

ZK30 2000 – 81 – – – Simulated body
fluid solution 17.8 1.20

ZK30-
Cu   99     47.8 2.25  

Pure
Mg – – – – – – NaCl (3 wt.%) 999 144
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damage . Passivating ceramic-like surfaces also appear to provide a good option for adherent cells . In addition to

WE43 alloy, it was reported that the LPBF scaffold was also made using a pre-alloyed system of Mg-Nd-Zn-Zr, commonly

referred to as JDBM . Comparable to WE43 alloy formed by the LPBF approach, the research study obtained by cell

adhesion test identified that dicalcium phosphate dihydrate coating over the scaffold attributed to the generation of more

cells that attached to the scaffold rather than uncoated scaffold . Neither the coated JDBM scaffold nor the uncoated

JDBM scaffold formed by LPBF contributed to any significant difference in the assessment of cytotoxicity. As a result, both

samples promoted cell proliferation. From the research perspective, it was quite unacceptable that the uncoated sample

of additively manufactured Mg material will not at least irritate direct cell response, hence this finding requires a more

thorough investigation and verification in the future.

7. Challenges Inherited in Laser-Based Approach Relating to Mg-Based
Material

The necessary manufacturing of pre-alloyed powder is difficult with regard to the laser-based additive manufacturing

approach. Evidence, however, points to the suitability of combining elements with a combination of pre-alloyed powders.

Further research is needed in the area of consistency and blending of magnesium powder. To fully comprehend the

physical characteristics of Mg alloys prepared by AM, mechanistic studies are still needed. Undoubtedly, laser-prepared

AM alloys show distinct characteristics on comparing to non-AM Mg alloys but the physical basis resembling such

differences is still open (i.e., the impact of additive manufacturing on ductility and strengthening mechanisms). While

addressing to laser-based additively manufactured approach relating to Mg-based material, ductility remains to be the

primary concern . It is recommended to have the smallest amount of powder while dealing with LPBF. However, the

handling and storage of powder should be kept away from the ignition, limiting atmospheric exposure. Research findings

also revealed that there exists a research gap in relation to the recycling of Mg-alloy powder that hasn’t been investigated

yet. Furthermore, compositional and process parameter modification has not yet been researched. The sintering-based

approach is a new technique that needs to be explored relating to Mg-based materials. More work can be accomplished

on Mg-based material by binder jetting approach. There is a need to look into the post-processing approach, including a

homogeneous/uniform coating on the porous scaffolds relating to Mg-alloys that has not been investigated.
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