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Abstract: The surface properties of ZM5 Mg-base alloy were modified by laser cladding with Al+ Y powder. Laser cladding was

carried out with a 5 kW continuous wave CO laser by melting the preplaced powder mixture of Al and Y. Following laser

cladding, the cladding zone was characterized by a detailed microstructural observation and phase analysis. Moreover, the micro-

hardness and element distribution were evaluated in detail. The surface modified layer consists of Mgi7Al;; and ALMgY phases,

while Mg and Mgj7Al» in the substrate. The microhardness of the cladding zone was significantly enhanced as high as HV122 ~

180 as compared to HV60 ~ 80 of the substrate region. The maximal hardness about HV224 is in the interface due to the formation

of intermetallic Mgi7Alj, phase. The microstructure is refined and Mg diffuses into the cladding material which leads to the forma

tion of Mg7Al.
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1 INTRODUCTION

Mg and its alloy have a wide scope of applications in
the field of aerospace and auto industries due to its low
density, high specific strength, etc. But its surface prop-
erties such as poor corrosion resistance and wear resis-
tance restrict wider application in the mass-save indus

tries!

. Laser surface cladding technology is a treatment
that changes only the properties of thin layer without af-
fecting the bulk properties.

Laser treatment produces a very fine and homogenous
structure as a result of rapid solidification caused by the
very fast heat transfer to the cold bulk material. This
structural change leads to a moderate increase in hardness
and also a better corrosion resistance of the treated surface
layers. Moreover, the formation of a supersaturated solid
solution or the presence of hard intermetallic phases could
increase the strengthening effect of the laser remelt-
ingl 7Y
Galun et al'”! studied the laser surface alloying of
Mg-base alloy with Al, Cu, Ni, and Si using a 5 kW CO,
laser. The results showed that the greatest improvement in
wear resistance occurred for Cu alloyed layers, whereas Al
alloyed layers showed a superior corrosion resistance.

131 and Subranian'* reported that the laser cladding

Wang
of Mg-Al or Mg-Zr powder on Mg can significantly in-
crease the corrosion resistance of Mg under a complex

vacuum apparatus to overcome the oxidation problem.

YUE et al'” studied the cladding of AFSi alloy on ZK60/

SiC by tworsteps in order to enhance the corrosion resis-
tance under the atmosphere with Ar protection.

Rare earth( RE) elements are important alloying ele-
ments to Mg-base alloy, which can improve castability,
high temperature properties and corrosion resistance with-
out affecting the electrical conductivity of the base al-
[68] The effects of RE have been explained by two

mechanisms. One is solution-hardening and the other is

loys

precipitatiorr hardening. The atomic size misfit of RE in
Mg is relatively large, but their solubility in Mg is smaller
than other well known solutiorr hardening elements, such
as Al and Zn. Therefore, the most promising strengthen-
ing mechanism of magnesiunrbase alloys is considered to
be the fine dispersion of intermetallic precipitates!®’.

Precious researchers have been interested in Y for
developing heat resistance Mg-base alloy! ™ ®'. ZHANG et
al'® have investigated the effect of Y and mischmetal of
50% Ce, 45%1La( %) on as cast structure of AZ91 alloy
and the properties of Mg-Al alloys containing 9% Al and
4% Al alloy.

Up to now, there are no reports involving Y used as
cladding element in Mg-base alloy. In this study, the ef-
fect of Y additives on the structure and properties of ZM5
Mg-base alloy is investigated.

2 EXPERIMENTAL

The substrate used in the present study was ZM5
(7.5% 79. 0% Al( mass fraction), 0.2% ~0.8% Zn, O.
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15% ™~ 0. 50% Mn, Mg is the balance) Mg-base alloy, its
microstructure is shown in Fig. 1. The cladding material
was an AF3. 6% % Y alloy powder with a particle size
less than 147 Pm.
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Fig. 1 Microstructure of ZM5 Mg-base

alloy substrate

Laser cladding was performed by two-step method.
Initially, the mixed powders, with a thickness of about
2.0 mm, were preplaced on the surface of the substrate
with a chemical binder. and then the substrates with this
coating were dried. Subsequently, the coating was melted
using a 5 kW continuous wave( CW) CO; laser. To avoid
the oxidation of the cladding coating, a Arshielding gas
was blown directly into the molten pool. The laser power
and the beam spot size were fixed at 1. 5 kW and 3. 5
mm, respectively. The scanning velocity was 15 mm/s
and the focus length was 360 mm.

Following  the cladding, the

laser microstruc

ture of the samples was characterized by optical and scan-
A detailed analysis of
the phase and composition of the cladding layer was car-
ried out by X-ray diffractometer ( XRD) and electron
probe microanalysis (EPMA). The microhardness of the
cladding layer was measured by a Vickers microhardness
tester using 100 g applied load holding 10 s.

ning electron microscope ( SEM ) .

3 RESULTS AND DISCUSSION

Fig. 2( a) presents the macrostructure of the cladding
layer obtained on the ZMS5 substrate. The micrographic
representations in Figs. 2(b = d) show the cladding layer
details from a zone nearly the interface between the
cladding and the substrate. The defect free interface with
significant grain refinement in the cladding zone may be
noted. The link between the cladding layer and the sub-
strate materials is a very solid and uniform one. There are
no visible gas pores in the cladding zone.

Fig. 3 shows the detailed microstructure of the sur
face modified ZM5 with Al+ Y powder treated by laser.
As can be seen, in the case of laser cladding the mi-
crostructure is very compact and uniform compared to the
substrate presented in Fig. 1.

The XRD spectrum on the cladding layers obtained
by laser cladding is illustrated in Fig. 4. The presence of
AlMgY and the intermetallic phase Mgi7Aljx has been
clearly identified. The white one is AlsMgY confirmed by
EPMA. And the XRD profile of the ZM5 consists of
Mg17A112 and (l'Mg[ 10. 1] .
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Fig. 2 Cross section of laser cladding coatings
(S —Substrate, I—Interface, C—Coating)
(a) —Macrostructure; (b) —Interface microstructure; (¢) —Zone from coating; (d) —Zone from substrate
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that the microhardness of the cladding zone is higher than
that of the substrate. The maximal hardness about HV224
was in the interface. The microhardness of the cladding
zone on ZM5 by Al+ Y powder varies from HV122 to
HV180, while the substrate just from HV60 to HVS8O0.
Maximum value was obtained in the interface due to the
more Mgi7 Aljx precipitations ( confirmed by X-ray map-
ping). The higher microhardness found in the laser
cladding zone and the interface may be attributed to the
following reasons. The laser treatment of the alloy allows a
rapid solidification ( RS) ( cladding zone) and causes more
Mg7Aly, precipitates in the interface and Y refines the
microstructure. Compared to conventional casting meth-
ods, RS can create fine dispersion of intermetallic phases
(ALLMgY and B-Mgj7Al;;) and extends Al solid solution
in Mg. The phases far from equilibrium and the fine mi

crostructure lead to stronger and harder alloys' ' .

Fig. 3 Microstructures of cladding layer B ) | T
(a) —Low magnification; (b) —Higher magnification
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Fig.4 XRD spectrum of laser treated sample The small difference of the melting point between the

substrate( 651 C) and the Al+ Y powder( 720 = 740
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Fig. 6 Microstructure of interface between cladding and substrate( a) and
distribution of Mg(b), Al(c¢) and Y(d)
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es and over melting or burning of the substrate material
could easily occur ™.

Fig. 6 shows the interface between the substrate and
the cladding, and the element distribution of Mg, Al and
Y by X-ray mapping. From Fig. 6, it is clear that the in-
terface is enriched in Mg and Al. Y is significant in the
cladding and Mg has diffused in the interface which leads
to the formation of intermetallic Mg17Ali> phase. The Mg
and Al X-ray mapping confirms the metallurgical bonding
of the interface between the cladding and the substrate.

Fig. 7 shows the microstructure of the cladding and
the distribution of Y by X-ray mapping. From Fig. 7, it
can be observed that some Y solid solution exists in the
cladding, and thus improving the hardness of the

cladding' *™1!

Fig. 7 Surface microstructure( a) of

laser cladding and distribution of Y('b)

4 CONCLUSIONS

1) Laser surface cladding of ZM5 alloy with Al+ Y
alloy powder is achieved, and the clad has good metallur-
gical bonding to the substrate and finer microstructure.

2) Laser Al+ Y clad layer on ZM5 alloy is enriched
in aluminium and consists of intermetallic phases Mgi7Al 2
and ALLMgY.

3) The microhardness of the cladding ranges
from HV122 to HV180 and that of the substrate

ranges from HV60 to HV80. The maximal hardness about
HV224 is achieved in the interface.
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