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Laser cladding of Mg-AI alloys 
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Among rapid solidification processing methods, laser cladding is a unique and promising 
technique which can be used to increase the corrosion resistance of materials. This paper 
describes the improvement of the laser-cladding process for magnesium-based alloys and an 
investigation of the effect of the laser-cladding technique upon the microstructure and the 
corrosion resistance of magnesium-based alloys. The cladding apparatus and techniques have 
been adapted for magnesium cladding to overcome the oxidation and high vapour pressure- 
related problems. Laser-clad Mg27AI~3, Mg53AI47, and Mg72AI28 have been obtained. Eutectic 
phases were observed in the two magnesium-rich alloys and in the interface of the aluminium- 
rich alloy. Polycrystalline structure was formed in Mg27AI73. Laser-clad Mg27AI73 was found 
to be superior to laser-clad Mg-5 wt% Zr, Mg-2 wt% Zr, cast AZ91B and cast magnesium in 
corrosion properties. 

1. Introduction 
Although magnesium and its alloys have some very 
attractive properties such as low density and superb 
machinability, they have not yet found widespread 
application as an engineering material due to their 
poor environmental performance and mechanical 
properties. The extreme position of magnesium in the 
electrochemical series coupled with the fact that, un- 
like aluminium, magnesium is unable to form protect- 
ive self-healing passivating surface films in corrosive 
environments, make it vulnerable to glavanic attack. 
When coupled with a nobler metal, magnesium under- 
goes anodic dissolution and hence exhibits poor 
corrosion resistance. 

Rapid solidification processing (RSP) has been 
identified as a most promising approach to improve 
corrosion properties of magnesium alloys [1-3]. Alu- 
minium is a well-known solid solution strengthener in 
magnesium and is widely used in magnesium alloys. 
Das and Chang [4] reported that an Mg-Al-based 
alloy prepared using RSP exhibited a remarkably 
reduced corrosion rate. RS Mg-23.4wt % A1 had a 
corrosion rate at least two orders of magnitude lower 
than the corresponding chill-cast material [5]. From 
an investigation of binary RS magnesium alloy rib- 
bons, Makar and Kruger [6] found that aluminium 
is the only element to cause a significant decrease in 
corrosion rate of magnesium alloys with increasing 
concentration to above 28.8 wt %. Also the rare-earth 
alloying additions increase corrosion resistance in 
Mg-Al-based alloys [6, 7]. 

In the RSP category, laser processing is an import- 
ant method by which to improve the corrosion beha- 
viour of materials. Earlier work indicated that laser 
surface melting improves the intergranular corrosion 
of stainless steel [8]. For magnesium alloys, the corro- 
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sion rate of Mg-Zn alloy was reduced by laser-  
remelted RSP because of the solution of the finely 
distributed interdendritic nonequilibrium MgTZn 3 
phase [9]. The corrosion resistance of Mg-Li-based 
alloy was substantially increased by laser-surface 
treatment which caused a homogeneous fine-grained 
microstructure [10]. 

The laser cladding technique provides an unique 
means of synthesizing non-equilibrium alloys due to 
its inherent rapid solidification rate [11], which pro- 
motes the formation of either an amorphous phase or 
non-equilibrium crystalline phases. Proper selection 
of alloying elements during laser cladding provides 
a passivating film system, which greatly reduces the 
galvanic action, thereby increasing the corrosion res- 
istance of the alloys. Under the laser-cladding cat- 
egory, the Mg-Zr system has already been studied and 
reported in an earlier publication [12]. This paper 
reports the laser-cladding experimental technique for 
Mg-A1 alloys, the initial characterization of micro- 
structure, and corrosion properties. 

2. Experimental procedure 
2.1. Magnesium-cladding technique 
The standard laser-cladding procedure was reported 
in earlier publications [12-15]. Here the specific 
changes required in the technique for magnesium 
cladding are reported. To reduce oxidation, magnes- 
ium cladding is carried out in a chamber in which 
the shielding argon pressure is above ambient pres- 
sure. The chamber dimensions are 35 crux 35 cm 
x 35 cm. The chamber remains fixed on a stationary 

stage during cladding. Fig. 1 depicts the translation 
system and the powder delivery system of the cham- 
ber. The translation system allows movement in two 
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Figure 1 Schematic diagram of the powder delivery and substrate movement system. 

dimensions using stages driven by stepping motors 
which are manipulated by a microprocessor control- 
ler, a monitor and a keyboard. 

Modifications of the powder delivery gas apparatus 
were made for this application. If the chamber is 
pressurized to about 3.4 kPa (0.5 p.s.i.) above ambient 
pressure, a pressure gradient inside the powder feeding 
tube results. This back pressure restricts and can even 
stop the powder flow. A nozzle was designed to supply 
a gas jet around the powder flow tube and to eliminate 
the back pressure in the feeding tube. An additional 
problem was the pressure gradient across the screw 
feeder: if the gradient is positive, the powder flow 
stopped; if negative, the powder flow is uncontrollable. 
Fig. 1 shows a "T" tube joint which is used to elim- 
inate this pressure gradient between the powder dis- 
perser and delivery tube. After a new nozzle and the 
"T" tube were adopted, the powder flow improved 
remarkably. Fig. 2 shows the powder flow during 
actual cladding. The design for shielding gas delivery 
for the protection system of the NaC1 window is 
shown in Fig. 3. It was found that helium is superior 
to argon in protecting the NaC1 window from the 
magnesium vapour during cladding. An AVCO HPL 
10kW continuous-wave CO 2 laser with a TEMol 
mode was employed for the cladding process. 

Table I indicates the nominal compositions of the 
three groups of binary alloys chosen for laser-cladding 
experiments. The powder size and purity were: - 325 
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mesh and 99.8% for magnesium, 20 gm and 99% for 
aluminium, respectively. Both atomized and ground 
magnesium powders (same nominal particle size) were 
tried for Composition B but it was found that only 
atomized powder was suitable for cladding. The mag- 
nesium substrate purity was 99.8%. The specimen size 
was about 1 cm x 4 cm x 6 cm. Before cladding, the 
substrate was polished with 180 grit emery paper and 
sand blasted. 

2.2. M a g n e s i u m  laser -c ladd ing parameters 
Before cladding, the positions of nozzle and substrate 
are adjusted in order to feed the powder directly into 
the interface between the laser beam and the substrate. 
The air remaining in the chamber is purged by flowing 
argon for 5 min before closing the valve. The powder 
delivery and laser beam are controlled simultaneously. 
During laser cladding, the argon gas pressure was 
700 kPa (100 p.s.i.) at the tank regulator, the overall 
flow meter reading was 25 (relative units), the "T" tube 
flow meter reading was 80 cm 3 s-1 (10 SCFH). The 
hetium gas protecting the NaC1 window was at 
140 kPa (20 p.s.i.). Table II shows the range of the 
cladding parameters. 

2.3. M ic ros t ruc tu ra l  analysis 
After the polishing and cleaning procedure, the cross- 
sections of the Mg-A1 laser-clad alloy sample were 



Figure 2 Photograph of the powder flow during magnesium cladding. 

TABLE I Compositions of Mg A1 alloys 

Alloy Sample Composition 
group number 

at % wt % 

Mg AI Mg AI 

A AI,A12 Nominal 
A6 Actual 

B B 1 -B4 Nominal 
B1 Actual 

C C1-C3 Nominal 
C1 Actual 

27 73 25,0 75.0 
32 68 29.33 70.22 

53 47 50.0 50.0 
58 42 55.79 44.15 

72 28 70.0 30.0 
80 19 77.17 20.65 
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Figure 3 NaC1 window protecting gas-flow passage design. 

observed in an optical microscope and in a Hitachi 
S-800 scanning electron microscope (SEM) including 
energy dispersive X-ray analysis (EDAX). The etchant 

T A B L E I I Processing parameters 

Laser power 2.0-2.8 kW 
Beam diameter 3 mm 
f / ~  of the focusing optics cassegrain optics f7  
Traverse speed 3.0-5.0 rams- 1 
Powder feed rate 0.1-0.4 g s-  1 
Sample surface position 14 mm below focal point 
Two-dimension cladding 
overlap coefficient 50% 

was 6 parts HNO3, 1 part HC1, 1 part HF, and 1 part 
water. The specimen was swabbed with a dilute solu- 
tion of the etchant. After a reaction time of about 1 s, 
the samples were rinsed with tap water, cleaned with 
deionized water and dried. A Rigako Geigerflex X-ray 
diffractor was used to investigate the cladment of three 
alloys. For Sample A5 of Mg27A173, a Philips 400 
transmission electron microscope (TEM) was also 
employed to observe the crystal structure. Twin-jet 
electro-chemical polishing was utilized for specimen 
preparation. The conditions used for jet polishing 
were: Electrolyte, 20% perchloric acid, 80% ethanol; 
condition, 50 V, 60 mA, - 30 ~ 
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2.4. Differential thermal  analysis  (DTA) 
DTA was performed with a Perkin-Elmer system 4/7. 
The reference sample was A120 3, the heating rate was 
20 ~ rain-1, and the scanning range was 50-700 ~ 
under an argon flow of 40 ml rain-1. Before the test, 
the sample was cleaned with acetone, then ultra- 
sonically cleaned in deionized water for 5 rain. The 
sample was weighed before and after each DTA run. It 
was observed that the sample lost weight, the A120 3 
powder colour turned to black, and the sample shape 
did not change after the DTA run. 

2.5. Corros ion tes ts  
The corrosion behaviour of laser clad Mg27A173 was 
evaluated by using a EG and F Parc Model 351 
corrosion measurement system. The cleaning proced- 
ure and operation sequence could remarkably influ- 
ence the results of corrosion tests. A fresh surface was 
obtained by abrading the sample on 320-600 grit 
silicon carbide paper, rinsing in deionized water and 
ultrasonic cleaning for 5 rain in acetone. If necessary, 
the samples were cleaned with acetone or methanol 
again. After the corrosion cell was set up, the 3.5% 
NaC1 electrolyte was added to the cell. The test was 
started as soon as the whole surface of the sample was 
immersed. For the sake of comparison, corrosion tests 
were also performed for magnesium and AZglB sam- 
ples. To allow comparison of different materials, every 
test was run using the same procedure and the same 
parameters. 

The corrosion measurement regimen includes the 
following tests. 

1. Corrosion potential (E .... ): the potential at the 
surface of the specimen is measured with reference to a 
standard calomel electrode as a function of time. The 
experiment indicates the rate at which E ..... the equi- 
librium corrosion potential obtained from the hori- 
zontal portion of the curve displayed is achieved. The 
open circuit potential was recorded. Run time was 
1800 s without initial delay. 

2. Potentiodynamic anodic polarization: the speci- 
men current was monitored when the sample was 
driven from Ecorr - 250 mV to 0.6 V with a scanning 
rate of 0.4 mVs -1, and the initial delay was 3600s. 
The resulting curve of this applied voltage versus the 
logarithm of the current density is utilized to assess the 
corrosion resistance of the sample material. 

3. Tafel plot: in this test, a controlled-potential scan 
is applied to a specimen from E .... - 250 mV to E .... 
+ 250 mV. The scanning rate was 1 mV s-1 and the 

initial delay was 3600 s. The logarithm of the current 
value as a function of voltage was monitored. The 
slope of this Tafel plot in the linear region in the 
anodic direction is referred to as the anodic Tafel 
constant, while the cathodic constant can be obtained 
in the cathodic direction. Values of the corrosion 
current, ic .... given in this report were found from the 
intersection of these two linear plots. 

4. Polarization resistance: this test was carried out 
by applying a controlled-potential scan over a small 
range, from E .... - 2 0 m V  to E . . . .  + 20mV. The 
scanning rate was 1 m r s  -1 for Mg27A173 and mag- 
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nesium and 0.1 mVs -1 for AZ91B. The initial delay 
was 3600 s. The resulting current was linearly plotted 
against potential. The slope of this curve at E .... is 
referred to as the polarization resistance. 

3. Results  
3.1. Actual  c o m p o s i t i o n s  
The actual chemical compositions after laser cladding 
were determined by Galbraith Laboratories, Inc. The 
laser-cladding parameters of the analysis samples are 
in the middle of the parameter range. Table I shows 
that magnesium is about 5%-8% higher in the actual 
compositions than in the nominal compositions, 
which indicates that magnesium dilution from sub- 
strate to cladment was serious. This effect indicates 
that the composition of the powder must be adjusted 
accordingly to achieve the desired composition. 

3.2. P re l im inary  i den t i f i ca t i on  of  the 
m ic ros t ruc tu re  

From SEM analysis, a magnesium-rich eutectic phase 
and ~z-magnesium or 0c-aluminium and 13 phases were 
obtained in laser-clad Mg-A1 alloys. In Mg53AI47 and 
Mg72A128, fine eutectic and s-magnesium structures 
were mainly observed. Fig. 4a and b taken from 
Sample C1 (Mg72A128) show the eutectic and e-mag- 
nesium (dark flower-shaped region) phases. Sample B 1 
(Mg53AI,~7) has a microstructure similar to Sample 
C1. Fig. 5 is the equilibrium AI-Mg phase diagram 
[16] which does predict some of the phases. In the 
cladding of Mg53A14~, the e-magnesium phase is sur- 
rounded by eutectic near the interface while a large 
continuous eutectic area is present in the middle. 
There is another magnesium-rich phase formed in 
both B1 and C1 (see Fig. 4c, Region A). In Mg27A173 , 
a magnesium-rich eutectic phase was obtained at the 
interface. In Fig. 6a of Sample A4, the eutectic spacing 
was about 20-30 gin. In the bulk of the cladment, e- 
aluminium was formed (see Fig. 6b, the bright flower- 
shaped region) and surrounded by the second phase 
which was identified as 13. The estimation of volume 
fraction of phases is shown in Table III. 

X-ray diffraction results are shown in Fig. 7. From 
Fig. 7a, it is identified that the second phase in 
Mg27A173 is 13, Mg~A13 [17]. For magnesium-rich 
alloys, the equilibrium phase diagram predicts that the 
magnesium-rich eutectic is formed from a-magnesium 
and Y- Fig. 7b displays the diffraction peaks for 
s-magnesium and y which agree with above predic- 
tions and suggests that another magnesium-rich phase 
in Mgv2A128 is y, MglTA112 [17]. The intensity of 3' 
peaks is much higher in MgsaA147 than in MgvzAlzs, 
while the intensity of magnesium peaks is much lower 
in Mg53A147. 

The influence of the laser-processing parameters 
upon the microstructure Mg27Alv3 was investigated. 
Table IV shows the parameters for different samples. 
The specific energy for A4 was double that for A3 and 
A2 for a given pass. But A3 was double passed while 
A2 was single passed. The higher specific energy for 
A4 is associated with the thickest eutectic interface 



Figure 4 Scanning electron micrographs of Sample C1 (Mg72AI2s): (a) the m-magnesium phase surrounded by the eutectic phase in the 
region near interface; (b) same field as (a) at higher magnification; (c) taken from the bulk of the cladment. Region A is ~. 
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Figure 5 AI-Mg equilibrium phase diagram 1-16]. 

(20-30 lam) as shown in Fig. 6a. From Fig. 6b and c it 
is found that the ~-aluminium area was smallest in A4 
and largest in A2 while the [3 phase area was largest in 
A4 and smallest in A2. In the case of the lowest laser 
powers and medium specific energy for Sample A1, 
poor bonding between the cladment and substrate was 
formed. 

However, TEM analysis is very limited in the cur- 
rent work because of the difficulties in preparation of 
specimen foil. The initial results for Specimen A5 of 
Mg27A173 are shown in Fig. 8. In Fig. 8a, there is a 
series of diffraction ring patterns taken from a-alumi- 
nium indexed as from plane (1 10) of fcc,  which 
suggests that there is a randomly oriented polycrystal- 

line structure of =-aluminium. Fig. 8b shows the poly- 
crystal diffraction rings superimposed on the spot 
pattern. On the other hand, [3, Mg2A13, is known 
as a partially disordered f cc  structure [18]. The lat- 
tice parameters are a = 0.404 94 nm for aluminium, 
a = 2.8239 nm for MgzAl 3 [17]. 

3.3. Dif ferent ial  thermal analysis (DTA)  
results 

Fig. 9a-f show the DTA results. The phase trans- 
formation temperatures were determined by DTA 
survey for all three alloys. It was found that when the 
laser-cladding parameters were in the ranges of laser 
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Figure 6 Scanning electron micrographs for Mg27Alv3: (a) the eutectic phase in the clad-substrate interface taken from Sample A4; (b) the 
a-aluminium phase surrounded by the !3 phase in the bulk of the cladment in A4; (c) the :~-aluminium phase and 13 phase taken from Sample 
A2; (d) the ~-aluminium phase and 13 phase taken from Sample A3. 

TABLE III  Phase volume fraction 

Sample Nominal Phase volume fractions 
composition 

A4 Mg27AlTs c~-AI 30% [3 70% 
B1 Mgs3Al,~ 7 c~-Mg t5% Eut. 78% Other 7% 

C1 Mg72AI28 ct-Mg 39% Eut. 56% Other 5% 

power 2.0 2.4 kW, beam diameter 3 mm and traverse 
speed 3-5 mm s - 1, a eutectic dissolution endothermic 
peak began at about 437~ for Sample BI of 
Mg53A14v and Sample C1 of Mg72AI28 (see Fig. 9a 
and b), and s-magnesium dissolution ended at 510~ 
for B1, 550~ for C1. In the same range of laser- 
cladding parameters, it was also found that a !3 phase 
transformation endothermic peak began at about 
447~ for Mg27A173 (see Fig. 9d-f). For MgzvA173 
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Figure 7 X-ray diffraction results for Samples (a) A4 of Mg27A173, (b) Ct of MgT;Alzs. A = aluminium, 13 = Mg2At3, M = magnesium, 
y = M g ~ j A l t 2 .  

alloys, the eutectic region in the DTA sample was 
almost completely removed during polishing, there- 
fore, the phase transformation endothermic peak 
came from the 13 and 0c-aluminium phases. 

The DTA results for Mg27A193 clad with different 
values of processing parameters (see Table IV) indic- 

ate the influence of laser-cladding techniques upon the 
same microstructure. In the Fig. 9c, for Sample 
A1 (laser power 1.5 kW, specific energy 200 J mm-  2), 
there is only a big ~-aluminium dissolution peak 
which implies on 13 phase in this sample. In Fig. 9d, for 
Sample A2 (2.4 kW, 160 Jmm-a) ,  there is a small 13 
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Figure 9 DTA results for Samples (a) B! of MgsaA147, (b) C1 of 
MgvzA128, (c) A1, (d) A2, (e) A3, (f) A4 of Mg2vA173. Weights: (a, b) 
34.80mg, (c) 72.00mg, (d,e) 70.10mg, (f) 54.90mg. Scan rate 
20 ~ min- 1, argon atmosphere, 4 mt min - 1. 

TABLE IV Parameters for Mg27AIT3 samples 

Sample 

A1 A2 A3 A4 

Laser power (kW) 1.5 2.4 2.4 2.4 
Beam diameter (mm) 3.0 3.0 3.0 3.0 
Traverse speed (ram s- l) 2.5 5.0 5.0 2.5 
Number of passes 1 1 2 1 
Specific energy (J ram- 2) 200 160 160 320 
Micrograph figure 6c 6d 6b 
DTA figure 9c 9d 9e 9f 

a For different tests, the specimens with same cladding parameters 
have the same number. 

Figure 8 Electron diffraction pattern obtained by TEM taken from 
~z-aluminium phase in A5 of MgzvA173: (a) polycrystal diffraction 
rings from plane (1 1 0) of fcc; (b)polycrystal diffraction pattern 
superimposed on the spot pattern from plane (1 ! 0) of fcc. 

dissolution peak and a big ct-aluminium dissolution 
peak, associated with the different phase concentra- 
tions. Fig. 9e, for Sample A3 (2.4kW, 1 6 0 J m m  -2, 
double pass), implies an increase in [3 phase concentra- 
tion caused by the use of a double laserpass.  In the 
case of Sample A4 (2.4 kW, 320 Jmm-2) ,  there is a 
much deeper ~ dissolution peak, associated with the 
highest specific energy. All the above results agree well 
with the microstructures shown in Fig. 6, indicating 
that the phase concentration can be controlled by 
varying the laser-cladding parameters. It is clear that 
not only specific energy but also laser power influence 
the microstructure. 

3.4.  C o r r o s i o n  tes t  resu l t s  for Mg27AI73 
From the corrosion tests for laser-cladding alloy 
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Mg27A17s, commercially produced alloy AZ91B and 
pure magnesium in 3.5 wt % NaC1 electrolyte, the 
results presented in Tables V-VII  and Fig. 10 were 
obtained. The corrosion potential data of laser-clad 
Mg-2 wt % Zr and Mg-5 wt % Zr [12] in 3.5% NaC1 
were also adopted in Table V for comparison. 

These results indicate that laser-clad Mg27Alv3 is 
superior to laser-clad Mg-2 wt % Zr, Mg-5 wt % Zr, 
AZ91B and magnesium in corrosion properties. The 
corrosion rate (CP) of Mg27A173 in one order of 
magnitude lower than that of AZ91B and two orders 
of magnitude lower than that of magnesium. In po- 
tentiodynamic tests, the clad materials passivated 
spontaneously during the 3600s initial delay, while 
magnesium and AZ91B have no potential region over 
which the sample surface remained passive. Fig. 10a 
shows that the Mg27Alv3 sample remained passive 
over a potential region of 200 mV where the current 
was quite stable. The passive film began breaking at 
about - 1.0 V potential. In the case of AZ91B, when 
the applied potential was above - 1.6 V, the passive 
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T A B L E  V Corrosion potential, E .... 

Alloy E .... in 3.5 wt % NaCI with 
reference to SCE" (V) 

Mg-75 wt % Al(Mg27Al73) - 1.06 
Mg-5 wt % Zr - 1.57 
Mg-2 wt % Zr -- 1.61 
AZ91B - 1.65 
Mg - 1.73 

" SCE: standard calomel electrode. 

T A B L E  VI Corrosion current i ..... and corrosion rate, CR 

Alloy i~o~(pAcm 2) (CR 10 3 in/year) 

Mgz7A173 3.16 4.5 
AZ91B 31.6 29.2 
Mg 500.0 453.9 

Figure 10 Corrosion results of potentiodynamic anodic polariza- 
tion for alloys (a) laser-clad Mg27A173 , (b) cast AZ91B, (c) cast 
magnesium. 

T A B L E  VII  Polarization resistance, &V/AI at E .... 

Alloy Polarization resistance (%) 

Mg27A173 145 000 
AZ91 B 4 2500 
Mg 12.5 

* All the above were obtained in 3.5 wt % NaCI electrolyte. 

film broke as indicated by the current increasing 
rapidly with a slight increase in potential (see 
Fig. 10b). The passive film was broken completely 
when the potential was about - 1.4 V. Similar results 
were found for magnesium (see Fig. 10c). These effects 
indicate that the passive film on MgzTA173 is much 
more stable than the passive film on AZ91B. In Table 
VII, the slope (AV/AI) at E . . . .  for Mg27A173 is much 
larger than the corresponding slopes for AZ91B and 
magnesium, which again indicates that the laser-clad 
alloy Mg27AI73 is more corrosion resistant than case 
AZ91B and cast pure magnesium in 3.5% NaC1 
solution. 

4. Discussion 
In the current work, three Mg-A1 laser-clad alloys 
have been obtained. The oxidation problem has been 
overcome to a large extent with the adaptation of the 
shielding gas chamber, the powder feeding nozzle, and 
the gas delivery system. Generally, the MgzvA173 clad 
has less porosity than other alloys. For magnesium- 
rich laser-clad alloys the cladments are still thin be- 
cause of the low molten cladment surface tension and 
high evaporation losses. 

The results show that magnesium alloys rich in 
eutectic phase can be obtained for magnesium-rich 
compositions by laser cladding. Because the phase 
concentration can be controlled by the laser-cladding 
parameter, if we choose a composition around 
60-70 wt % Mg (see Fig. 5) and optimize parameters, 
100% eutectic structure could be obtained. The alloys 
with around 45-55 wt % Mg might be multiphase 
structured, according to the equilibrium phase dia- 
gram and the investigation for Mg53A14v which was 
found to be very brittle during sample preparation. 

For Mg27A17s alloy, ~-aluminium and [3 phases are 
formed instead of ~-aluminium and eutectic as predic- 

ted by the equilibrium phase diagram. This effect 
implies that eutectic formation was totally suppressed 
by the rapid quenching inherent in laser cladding. 
The influence of laser-cladding parameter upon 
microstructure suggests that a single phase of 13, 
Mg2A13, could possibly be obtained in composition 
around 30-35 wt % Mg. 

It is believed that the partially disordered structure 
in 13 which looks quite homogeneous at magnifications 
of x 1200-3500, and randomly oriented aggregate 
polycrystal structures in ~-A1 are the dominant source 
of the superior corrosion properties of Mg2vA173. 
From the lamellar spacing of eutectic in the interface 
of Sample A4 (see Fig. 6a), a cooling rate 
of 10~-10 s Ks -1 is estimated [19]. In future work, if 
the cooling rate could be increased sufficiently, an 
amorphous phase structure will be expected in single 
phase, [~ alloy or in [3 and ~-aluminium structure alloy 
with high corrosion resistance properties. 

The results and understanding are preliminary and 
limited by the accuracy of the analysis. The conditions 
for the electrochemical polishing of samples must be 
found for the TEM analysis which will. supply more 
information to understanding the non-equilibrium 
processing including solute solubility extension and 
the existence of metastable phases. 

5. Conclusions 
Both magnesium- and aluminium-rich magnesium 
alloys were prepared using a laser-cladding technique. 
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A magnesium-rich eutectic phase and the ~-magnes- 
ium phase were obtained in magnesium-rich alloys 
(Mgs3A147 and Mg72A128 ). A 13 phase and c~-alumi- 
nium phase were obtained in the bulk of the cladment 
of aluminium-rich alloys (Mg27A173) while a eutectic 
phase was also formed at the interface of this alloy. 
The polycrystalline structure was formed in 
Mg27A173. The eutectic concentration in magnesium- 
rich alloys and the 13 phase concentration in alumi- 
nium-rich alloys can be controlled by varying the 
laser-cladding parameters. The corrosion resistance of 
laser-clad alloy M27A173 is superior to that of laser- 
clad Mg-2 wt % Zr, Mg-5 wt % Zr, cast AZ91B and 
magnesium. 
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