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Abstract: Magnesium alloys are a promising structural material to be used as a substitute for metals
traditionally used in the automotive and aircraft sector. However, magnesium alloys have poor me-
chanical properties and corrosion resistance. These handicaps can be overcome through the appli-
cation of coatings with improved properties. Laser cladding is a potential coating fabrication pro-
cess. Furthermore, the low vaporization temperature of magnesium and the coating-substrate dilu-
tion problems increase the difficulty to coat magnesium substrates. The aim of this research is to
analyze the state of art in magnesium laser cladding and investigate the effect of the most important
fabrication parameters on the interaction of the different coating-substrate systems used on the me-
chanical properties and corrosion resistance. In addition, this work provides a guidance on laser
cladding best practices for these alloys. Knowledge of how the different coating manufacturing pa-
rameters affect the final surface properties of magnesium alloys is essential for the implantation of
these materials in applications for which they are currently limited.

Keywords: laser cladding; magnesium; coatings

1. Introduction

Magnesium alloys have a great potential to be used as a structural material due to
their low density, which leads to very high specific mechanical properties, comparable to
those of some steels. In addition, their ease of machining and low cost make them suitable
alloys for use in the transportation industry. The main limitations of these alloys are the
low surface properties, since they have low wear and corrosion resistance, reducing their
field of application [1-3].

One of the strategies that can be followed to improve this limitation is to make pro-
tective surface coatings by laser cladding techniques. The main advantages that laser clad-
ding offers compared to other more traditional techniques are better surface properties
with minimal dilution, minimal substrate thermal distortion and better surface quality.
To obtain coatings with good mechanical characteristics, it is necessary to select the ap-
propriate process parameters for which it is necessary to know the effect that these have
on the resulting coating. The effect of parameters such as laser power, scanning speed,
powder feed, as well as the properties of both the substrate and the powder on the ob-
tained coatings has led to several studies. The variation of any of these parameters turns
into changes in the morphology, width or height, as well as in the metallurgical charac-
teristics of the coating, microstructure, degree of dilution, porosity, etc. [4,5].

2. Laser Alloying, Glazing, and Cladding

Laser cladding is a coating manufacture method with which it is possible to obtain
low porous and improved properties coatings on different materials (mainly metals) us-
ing a laser as energy source. Based on the feed material, the amount of molten substrate

Metals 2021, 11, 1993. https://doi.org/10.3390/met11121993

www.mdpi.com/journal/metals



Metals 2021, 11, 1993

2 of 15

and the laser parameters, three varieties of this process can be established: laser alloying,
laser glazing and laser cladding. In the three cases, the high cooling rate and, consequently
the quick solidification during the fabrication process is the main advantage of these
methods, because it results in a fine microstructure and improved mechanical properties.
During the solidification process, the melted metal liquid atoms are joined together at the
nucleation points and start to form crystals. These crystals grow and form grains in the
direction of the solidification, however, due to the high cooling rates, these grains have no
time to become bigger, and their size ends up being very small in this kind of process.
Small grain sizes result in high number of grain limits and, consequently, in high hardness
and mechanical properties [6].

Laser alloying technique allows to melt simultaneously the feeding material and the
substrate obtaining a homogeneous alloyed metal. In general, the coating is not very thick
because the amount of spraying material is low [7].

Laser glazing allows to melt only a small part of the substrate and cool it very quickly
(1010-10"2 K/s), which forms amorphous crystal [8-11].

Coatings with different composition to the substrate have been successfully fabri-
cated by Laser cladding technique since this method produces a minimum dilution of the
substrate allowing the coating to maintain the feed material properties. Moreover, a fine
coating microstructure is obtained due to the quick cool rate. To achieve this, the control
of the laser parameters is very important.

The main problem of lasers techniques on magnesium alloys is that the use of mag-
nesium as a substrate, together with high values of laser power, can produce a dilution of
the magnesium from the substrate to within the coating matrix due to the low melting
points of magnesium alloys (~560 °C) that makes them liable to be melted during the laser
cladding process. Nevertheless, this dilution changes with the processing parameters,
therefore, obtaining a minimal dilution rate is possible. Indeed, the three methods of coat-
ings fabrication (laser alloying, laser glazing and laser cladding) are feasible on magne-
sium alloys.

For instance, Ignat et al. [12] obtained hardened high corrosion resistance Al/Mg coat-
ings on WE43 and ZE41 magnesium alloys by laser alloying. Other authors such as Yue,
Su, and Yang [8] and Huang et al. [9] developed amorphous coatings by laser glazing.
However, avoiding dilution is possible by using low laser power. Yang et al. [13] used
laser cladding to coat ZE91D magnesium alloys with Al + (Ti + B«C) composite coatings
and A. H. Wang et al. [14] utilized laser cladding to repair surface areas of magnesium
components.

Obtaining improved coatings with homogeneous compositions, low porosity, mini-
mal interactions between the molten pool and the sprayed material, and greater properties
depends on the laser parameters and on the amount of the feed material used. Indeed,
most laser cladding coatings are actually laser alloying coatings.

Figure 1 shows a scheme of laser alloying, glazing and cladding. The classification is
based on the mixed composition between the magnesium of the substrate and the ele-
ments of the coatings [6]. In addition, Figure 1 shows an example of the resulting micro-
structure. The main differences between the microstructure showed in Figure 1a,c is that
in the case of laser alloying, there is a higher dilution between the coating and the sub-
strate, and the resultant material is embedded in the substrate surface. In the case of the
laser cladding microstructure, the coating is on the substrate surface, not embedded in the
substrate. In the case of the laser glazing microstructure shown in Figure 1b, the morphol-
ogy/shape of the coating is similar to laser cladding, however, the coating is an amorphous
crystal.
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Figure 1. Scheme of laser alloying, glazing and cladding [6]; (a) Al laser alloying coating on ZE41.
Reprinted with permission from ref. [7]. Copyright 2021 Elsevier; (b) 65A17.5Ni10Cul7.5 reinforced
with SiC particles amorphous coating on Mg substrate. Reprinted with permission from ref. [10].
Copyright 2021 Elsevier; (c) A12Si/SiC laser cladding coating on ZE41 alloy. Reprinted with permis-
sion from ref. [15]. Copyright 2021 Elsevier.

3. Laser Cladding on Magnesium Alloys

Laser cladding is an effective fabrication process to obtain surface layers with im-
proved properties, good metallurgic bonding with lack of defects, and low dilution that
can be achieved in comparison with conventional methods like thermal spraying or arc
welding. The use of a laser as an energy source is key to these advantages.

Furthermore, from a manufacturing point of view, laser cladding has other benefits:
decreasing manufacturing times; increasing cooling and solidification rates; no re-
strictions on the fabrication of complicated geometries and repair of components.

The coating process was carried out with a laser cladding system consisting of a laser
(different kind of lasers are possible, for instance: diode laser (848 nm), Nd:Yag laser (1064
nm), CO:1aser (10.64 pm), and excimer laser (248 nm)). In most cases, the feeding material
is in the form of spherical powder which is generally sprayed with a carrier gas (generally
Argon) and coaxially with the laser beam trough a cladding nozzle (normally a coaxial
nozzle). Moreover, other forms of feeding material are possible as is shown in Figure 2.
For example, paste feeding (Figure 2a) when the raw material is in a paste shape, wire
feeding (Figure 2c) when it is in a wire shape or preplaced powder, where the raw powder
is previously deposited on the substrate surface, and then the laser passes over this pow-
der and melts it, and a minimal part of the substrate surface forms the coating [6]. The
laser with the cladding nozzle is connected to a motor control system, it generally consists
of a CAD (computer-assisted draughting) system and a motion robot or a x-y motion table.
Figure 3 shows the scheme of an equipment of laser cladding [16].
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Figure 2. Different methods of laser cladding feeder: (a) paste feeding; (b) powder injection; (c) wire
feeding; (d) preplaced powder [6].
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Figure 3. Scheme of laser cladding equipment. Reprinted with permission from ref. [16]. Copy-
right 2021 Elsevier.

4. Effect of the Process Parameters

The laser coating process is affected by a wide variety of parameters, as shown in
Figure 4 [6].
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gure 4. Inputs, outputs and process parameters of laser cladding [6].

4.1. Effect of Inputs Parameters

The effect of some control parameters are common for all materials but in some cases,
an exhaustive analysis of these parameters is necessary for each kind of sprayed material
and substrate. This review is partly focused on the study of the effect of these kinds of
parameters.

Input parameters related to the laser energy source, which widely depend on the
kind of coating and substrate, are laser power, scanning speed, beam focal position and
the wavelength of the laser beam.

In general, the effect of laser power and scanning speed has been studied together
because the energy density in the material during the cladding process is directly related
to these parameters and, also to the laser spot size, following Equation (1) [17-19].

Energy Density (J/mm?) = :_ser power (W) 1)

scanning speed ( m)~Laser spot diameter (mm )

The influence of these parameters has been widely researched. The effect of the scan-
ning speed and the laser power is similar in all materials, and, in this sense, the character-
istics of magnesium alloys, especially their low fusion temperature, make the study of
these parameters especially suitable for understanding the laser cladding process. First
studies about the effect of these parameters on magnesium alloys have been performed
by Wang and Yue [20] who evaluated different scanning speeds and kept laser power
constant. Liu et al. [21] analyzed the effect on the width of laser cladding Al coatings on
AZ91D magnesium alloys. Recently, some authors have determined that laser cladding
could be an effective fabrication process of metal matrix composite coatings. However,
the study of the effect of the laser parameters on this kind of coating on magnesium alloys
is scarce. In this sense, the effect of scanning speed and laser power on Al/SiCp coatings
on ZE41 magnesium alloys has been studied by Riquelme et al. [15] who observed that
the geometry and properties of the coating depend on these parameters. All of these stud-
ies concluded that in order to obtain good quality coatings it is necessary to find the
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optimal combination of scanning speed and laser power (and this combination could be
different for each kind of coating or magnesium alloy). In addition, considering that the
scanning speed and the laser power are directly related to the molten pool size and the
cooling rate, the importance of the heat and mass transferring process increases for this
substrate because it affects considerably the microstructure due to the lower fusion tem-
perature of magnesium alloys.

The different focal position to the substrate surface affects the coating geometry, di-
lution, melted and heat affected zones. There is only few research about this topic and
even less about coatings on magnesium alloys. This issue was analyzed by Riquelme et al.
[15]. These authors found that different beam focal positions produce different substrate-
sprayed particles interactions, which leads to changes in the characteristics of the coatings.
Figure 5 shows three types of focus modes. At negative defocus mode, the molten zone
depth is higher, the coating is very thin and in some zones it did not cover the entire sur-
face. At positive defocus mode, high dilution between the coating and the substrate is
observed. At on focus mode, a minimal melted zone is appreciated and better coating
characteristics have been obtained.
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Figure 5. Schematic of laser beam-cladding coating interactions: (a) negative defocus; (b) on focus;
(c) positive defocus. Reprinted with permission from ref. [15]. Copyright 2021 Elsevier.

Suhstrate Substrate

Wavelength of the laser beam has important effects on the reflectivity-absorptivity of
metals. The importance of measuring the absorbed energy is such that this energy affects
the material transformation. Figure 6 shows the correlation between reflectivity and beam
wavelength for different metals [6]. Some researchers showed that lasers with a shorter
wavelength were more advantageous to be absorbed by metals [22].
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Figure 6. Correlation between reflectivity and beam wavelength for different metals, in two different wavelength ranges
(@) 200 to 1000 nm, (b) 1000 to 9000 nm [6].

Ignat et al. [12] analyzed the coupling effect between magnesium alloys (with ano-
dising, or mordancage protective layers or without protective layers) and Nd:YAG laser
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beam. They found that the laser energy affects the percentage of absorption for the mag-
nesium substrates. Figure 7 shows the absorption percentage as a function of the incident
energy for treated and untreated WE43 (Figure 7a) and ZE41 (Figure 7b). Pre-treated ma-
terials had higher absorption rates than uncoated substrates.
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Figure 7. (a) absorption for WE43 magnesium alloy (B = unpretreated; T1 = anodising treatment; T2
= mordancage treatment); (b) absorption for ZE41 magnesium alloy (B = unpretreated; T1 = anodis-
ing treatment; T2 = mordancage treatment). Reprinted with permission from ref. [12]. Copyright
2021 Elsevier.

Knowing the energy absorption percentage in laser cladding techniques is crucial
since the laser beam causes partial heats that are transmitted to the substrate, and then
affects the distribution of absorbed energy between the cladding material and substrate.
The energy absorbed by the substrate increases the dilution zone and it affects the coating
microstructure and its properties.

Inputs parameters related to the coating feeding material such as the kind of laser
cladding feeder have an influence in the characteristics of the coating and it depends on
both the kind of substrate and the coating material. For example, Yue and Su [10] obtained
Zr65A17.5Nil0Cul7.5 coating on magnesium substrate using one-step laser cladding
(powder injection) resulting in the formation of amorphous phases due to the higher
quenching and cooling rates. Liu et al. [22] developed Al coatings on AZ31B magnesium
alloy by the two-step process. Al powders were deposited on the surface of the substrate
before laser processing. There appears to be more porosity in the coatings with this
method.

Depending on the powder feed rate, the height of the coatings changed and the cool-
ing rate at the top of the coating can be different than at the bottom, resulting in a variation
in the microstructure along the coating [16,23,24].

Other parameters related to the feeding material, such as the inert carrying gas flow
rate and its effect on laser cladding coatings on magnesium, need to be researched.

4.2. Effect of Outputs Parameters

As is explained above, outputs laser cladding parameters depend on the inputs pa-
rameters, for example dilution rate, coating geometry, presence of cracks and pores are
determined by principally the laser, motion device and feeding material parameters. Mi-
crostructure of the coatings also depends on these inputs parameters and in addition on
the kind of cladding material system deposited on magnesium alloys.

When the objective of laser cladding is to repair the substrate, homogeneous magne-
sium coatings are deposited on the surface of magnesium components [14]. In this case,
microstructure, grain size and form are subject to the laser parameters and the cooling
rate. Nevertheless, the deposition of heterogeneous cladding materials is becoming more
common. A possible classification of these coatings could be (i) pure metal, binary and
ternary alloy coatings, (ii) high entropy alloy (HEA) coatings, (iii) ceramics coatings and
(iv) metal matrix composite coatings.
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4.2.1. Pure Metal, Binary and Ternary Alloy Coatings

The majority of pure metal, binary and ternary alloy coatings contain Mg-Al because
Al increases the Mg hardness; however, adding Al into Mg alloys worsens the corrosion
behavior [7]. Other authors have added binary or ternary alloys to achieve improved wear
and corrosion behavior. In all cases, the presence of Al results in that some of the phases
obtained are formed according to the equilibrium Al-Mg phase diagram. In addition, the
presence of other metals results in Al-metal or Mg-metal phases. The most widely re-
searched binary alloy as laser cladding material on magnesium alloys was Al-Si alloys.
The microstructure of these coatings was characterized by an Al-Mg matrix with embed-
ded dendrite precipitates of Mg:Si. In function of the laser scanning speed and, in conse-
quence, in function of the cooling rates, the Al-Mg matrix can be formed by a Mg solid
solution in Al or by the Mgi7Aliz intermetallic phase. This microstructure increases the
hardness of the coating and, also, the substrate-coating dilution, thus, the reactivity results
in a good metallurgy bonding. However, Volovitch et al. [25], who coated ZE41 magne-
sium alloys with Al-Si coatings and observed that these kind of coatings result in higher
corrosion rates due to the formation of galvanic corrosion and conclude that to reduce the
way to improve the corrosion resistance of these coatings are to achieve a homogeneous
microstructure; at higher laser speeds the diffusion of Mg in the layer decreases and the
formation of thermodynamically stable but corrosive Mg:Si dendrites can be prevented.
Other authors observed similar results [26,27]. Nevertheless, an increase of the corrosion
resistance using similar coatings has been detected by other authors. For example, Carcel
et al. [16] deposited Al-Si coatings on AZ61, ZK30 and WE54 and Chen et al. [23] on Mg—
Gd-Y-Zr alloys (in this case hardening Al2(Gd,Y) is also obtained). The different results
may be caused by the changeable laser cladding parameters or the different Si weight ratio
sprayed during each research work. Yang and Wu [28] researched the effect of the Si
weight ratio in Si Al-Si coatings on AZ91D magnesium alloy. They found that Mg:Si phase
increases with the increase of Si content. When the spraying material was Al-12.5 wt% Si
(eutectic alloy), the coating microstructure consists of Mg:Si phase side fine dendrite of
Mgi7Ali2. When the spraying material was hypoeutectic, only a small amount of Mg:Si
phase is formed. For hypereutectic coatings, the microstructure consists of high amounts
of Mg:Si into slight Mgi7Ali2 dendrites. Furthermore, Qian et al. [29], achieved an Al-Si
coating without Mg:Si phases using laser cladding in two steps (plasma-sprayed coating
and laser-remelted coating) and using low laser power and high scanning speed. The ab-
sence of Mg»Si improves the corrosion behavior.

Other Al alloys have been used as laser cladding coatings on the magnesium sub-
strates, as, for example, Al-Zn, Al-Cu or Al-Ir [30-32]. Al-Zn powders were thermally
sprayed on a ZK60/SiC composite and then remelted with a YAG laser. As a result, the
corrosion potential of the coating sample was found to be approximately 300 mV higher
than that of the sample as received, while the corrosion current was at least three orders
of magnitude lower [31].

Same as in the case of Al pure or Al-Si coating, the use of these binary alloys leads to
a reactivity between the coating and the substrate. For example, Al-Cu coatings manufac-
tured by Gao et al. [30] were composed of an Al-Mg matrix and AlCus and Mgi7Alrz inter-
metallic phase.In the case of Al-Ir, Chen et al. [32] observed the formation of Allr, MglzAli2
and other Al-based phases.

In addition, ternary alloys can be used with laser cladding. Ti-Ni-Al [33], or Ni-Zr-Al
coatings [34] have been successfully used. Other metals, such as stainless steel [35], be-
tween others, have been investigated in order to be used as laser cladding coatings on
magnesium alloys, although to a minor extent.
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4.2.2. High Entropy Alloy (HEA) Coatings

The utilization of high-entropy alloys (HEA) as laser cladding coatings has been re-
searched. However, there are just few studies and few used alloys. AlICoCrCuFeNi coat-
ings on pure magnesium have been investigated by Yue et al. [36] and Meng et al. [37-39].
In the two cases, there is a dilution between the coating and the substrate, thus, some
CuMg: dendrites were detected.

4.2.3. Ceramics Coatings

On the other hand, not only metals can be used as laser cladding coatings. Some au-
thors have achieved the fabrication of ceramic coatings on magnesium alloys, in order to
improve the wear and corrosion behavior of the substrate. Ceramics have a low affinity to
react with the magnesium substrate and tend to form other compounds, however, they
can also refine the substrate microstructure and improve the corrosion and wear re-
sistance. If the coating has low porosity and there are not paths from the surface to the
substrate, the corrosion resistance of the entire system can be very high. Moreover, the
ceramics compression resistance and hardness are higher than metals, so these materials
used as coating improved these mechanical properties and wear resistance of the magne-
sium substrates. Gao et al. [40] developed this kind of coating and achieved improved
properties with Al2Os coating on AZ91HP Mg alloy.

4.2.4. Metal Matrix Composite Coatings

Up to now, different approaches have been investigated in the field of metal matrix
composite cladding on magnesium alloys. In some studies, ceramic materials are used as
reinforcement to obtain a wear resistant coating. Nevertheless, ceramic materials in mag-
nesium matrixes gave rise to poor interfacial strength and poor corrosion resistance
[41,42].

The most researched matrixes of these composite coatings (fabricated by laser clad-
ding on magnesium alloys) are aluminum-based alloys, and the most used ceramic rein-
forcements have particle morphology, because of these composite coatings combine im-
proved tribological properties with a considerably high corrosion resistance [16]. Some
studies have evaluated coatings on magnesium alloys and wear properties of aluminum-
based alloys or aluminum-based metal composites. For example, Al + (Ti + B«C) composite
coatings on ZE91D magnesium alloys have been obtained by laser cladding by Yang et al.
[13]. These authors determined that in this kind of coating there is some reactivity between
the coating and the substrate and that AlsMgz, Ali2Mg17, AlsTi and TiC compounds were
observed in the coating microstructure. In order to avoid dilution, it is necessary to use
low laser power, and this results in improved wear and corrosion resistance coatings.

However, the most used reinforcement is SiC and Al2Os particles. The microstructure
and properties of Al/SiC coatings on AZ91D magnesium alloy using pulse-laser (Nd-
YAG) have been analyzed by Zheng et al. in 2010 and 2014 [41,43]. The surface hardness
and the wear resistance of the coatings are greater than those of the substrate and increase
with the increment in the SiC content. As in the case of Yang et al. [13] coatings, a dilution
takes place and Aliz2Mg17 phase is formed. The reaction mechanisms and the analysis of
the obtained microstructure with different composition of Al/SiC coatings on ZE41 mag-
nesium alloy have been determined by Riquelme et al. [24] as is shown in Figure 8. The
dilution problems cannot be avoided for any laser cladding parameter of scanning speed
or laser power, so, the use of different alloying elements was introduced in order to avoid
the reactivity between the aluminum matrix and the substrate and to obtain compounds
with improved properties. The effect of these compounds was analyzed by the same au-
thors in 2021. Despite the wear resistance of these kind of coatings being higher than the
magnesium substrate, the corrosion resistance is worse due to the formation of micro cells
as a result of the dilution between the substrate and the coating during the coating fabri-
cation process [44]. Other authors continue with this line of work [45].
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Liu et al. (2006) [21] investigated the fabrication of Al/Al2Os coatings on AZ91D mag-
nesium alloy by pulsed Nd:YAG laser. The results show that, as in the previous cases,
there is dilution. However, this dilution can be of great benefit to the wear resistance.
Other authors found similar results [46,47].

The use of nano-size particles has been also studied. Reinforcement particles are con-
sidered nano-size ones when they are in a scale of 1 to 100 nm. The use of nanocomposite
coatings has several advantages from the point of view of the tribological properties be-
cause the nano particles contribute to increasing the wear and corrosion resistance. Chen
et al. 2008 researched the effect of laser cladding aluminum metal matrix reinforced with
nano SiC particles and, the same authors studied, in 2011, the effect of using nano- Al2Os
particles [48,49]. Nowadays, Sundaraselvan and Senthilkumar [50] have continued to
work on these nano-Al:Os composite coatings. They used a Nd: YAG laser to coat ZE41
magnesium substrates, and they achieved the successful fabrication of high wear re-
sistance and high proportion reinforcement composite coatings.

Nowadays, rare earth oxides have generated great expectations. Y20s have been used
as reinforcement of different metal matrix composites to refine the microstructure of the
substrate and obtain higher wear and corrosion coatings. Zhu et al. [51] developed Al-Cu
matrix composite reinforced with Y203 with improved properties. Nowadays, other au-
thors still continue using these reinforcement with other matrixes [52-54].

5. Laser Cladding and Other Techniques

Recently, some research has combined laser cladding with other coatings techniques.
In the case of the coatings on magnesium alloys, these techniques could decrease the heat
in the molten pool using lower laser power and higher scanning speed as to be able to
obtain coatings with improved properties and better characteristics (lower pores, lower
dilution, etc). Yue et al. [35] achieved a stainless-steel coating on ZK60/SiC composite by
using a two-step method, i.e., thermal spray and laser re-melting. Pei et al. [55] combined
direct current pulse metal inert gas welding with laser cladding. As it can be seen in Figure
9, the first stage of the methodology is a welding process, and in a second stage laser clad-
ding has been performed on AZ91D magnesium alloy to fabricate a gradient modified
coating, containing an Al-Si interlayer and a Ni-Cr-Al top layer (a scheme of this micro-
structure is shown in the inset in Figure 9). The coating obtained has higher micro-hard-
ness and better corrosion resistance. However, they did not completely avoid the magne-
sium dilution.

2 Bonding
1 Welding terch Laser Zone
head Interlayer
e
Welding ER4043 Ar nozzle

Direction

welding
(speed:1.05¢m/s)

wires

aser scanning
h(speed:90mm/min)

-
-

140mm

Figure 9. Schematic of the DC-PMIG welding process combined with the laser cladding process.
Reprinted with permission from ref. [55]. Copyright 2021 Elsevier.

In the recent years, additive manufacturing has been the new revolution of the in-
dustry, and the research about 3D fabrication of metals is growing exponentially.
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However, magnesium additive manufacturing is in its first stages, due to its low melting
point [56,57].

Direct laser deposition (DLD) is an additive manufacturing process to obtain 3D com-
ponents. This technique is an evolution of the laser cladding technique. In laser cladding,
a single layer is deposited instead, in DLD, multiple laser layers are deposited layer by
layer to obtain the final 3D structure.

6. Conclusions

Laser cladding is an effective fabrication technique to obtain coatings on magnesium
alloys. These coatings improved the substrate mechanical and tribological properties and
in most cases, improved the corrosion behavior, however, more investigation is required
due to the high possibility of the micro-cell formation resulting from the dilution between
the coating and the substate.

The main problem of laser cladding technique used on magnesium alloys is the very
low melting point of these alloys, that results in the evaporation of the substrate and/or
high dilution and/or alloying between the coating and the substrate. For this reason, the
analysis, optimization and control of the laser cladding parameters is crucial. In most
cases, low laser power is necessary for obtaining lower dilution coatings. However, other
combinations of laser parameters, mainly lower laser power and high scanning speed are
possible. The specific parameters depend on the kind of laser used in the process (TEM
mode, wavelength, spot size). In addition, changes in the carrying gas flow rate, powder
feed rate, focal position or the kind of used laser result in changes in the characteristics of
the coating-substrate system.

Additionally, it is possible to obtain different material coatings on magnesium alloys
fabricated by laser cladding: pure metal, binary and ternary alloy, high entropy alloy, ce-
ramics and metal matrix composites. However, improved properties coatings have been
obtained when the coating material has similar physical properties to magnesium sub-
strates. A high wettability and similar thermal expansion coefficient are desirable. The
most used metals as laser cladding coatings are aluminum and their alloys (mainly binary
alloys as Al-Si). In all these cases, different grade of dilution and reactivity between the
coating and the substrate are observed and the formation of Al-Mg-Me compounds have
been identified. However, the formation of these compounds has some benefits and, in
most cases, increases the wear resistance and/or even the corrosion resistance. The use of
aluminum alloy coatings improves the corrosion resistance of the substrate provided that
the formation of anodic phases in the coating is controlled. To do this, the process param-
eters must be properly chosen. High scanning speeds together with low energies, reduce
dilution and increase the cooling speed, preventing the diffusion of Mg in the coating and,
therefore, reducing the tendency of the samples to suffer galvanic corrosion. Aluminum
metal matrix composites reinforced with particles are the most used for developing com-
posite coatings on magnesium alloys by laser cladding. The most used particles are SiC
and ALl:Os. Nowadays nano-particles are receiving growing interest. High entropy alloys
and ceramics coatings on magnesium by laser cladding are also possible, nevertheless, the
literature is little, and it is necessary to conduct more research about this topic.

Nowadays new possibilities are open with the combination of different techniques,
such as welding process with laser cladding or the 3D fabrication using direct laser depo-
sition as an evolution of laser cladding process.
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