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Effect of mass ratio of Zn to Al on as-cast microstructure and
solidification behaviour of Mg-Zn-Al ternary magnesium alloys

YANG Ming-bo" 2, PAN Fu-sheng?, LI Zhong-sheng”, SHEN Jia'

(1. School of Materials Science and Engineering, Chongqing Institute of Technology, Chongqing 400050, China;
2. College of Material Science and Engineering, Chongqing University, Chongqing 400030, China)

Abstract: The effect of mass ratio of Zn to Al on the as-cast microstructure and solidification behaviour of Mg-Zn-Al
ternary magnesium alloys was investigated. The results indicate that, when the mass ratio of Zn to Al of experimental
alloys are less than 2, the alloys are composed of a-Mg and Mg3,(Al, Zn),9 phases, and with increasing mass ratio of Zn
to Al, the amount of the second phases in the alloys gradually decreases and the distribution of the second phases changes
from continuous net to quasti-continuous net. However, when the mass ratio of Zn to Al of experimental alloys is more
than 2, the alloys are composed of a-Mg, Mgs,(Al, Zn),9 and MgZn phases, and with increasing mass ratio of Zn to Al,
the amount of the second phases in the alloys gradually increases and the distribution of the second phases changes from
quasti-continuous net to uniform particles. In addition, the onset and peak temperatures of the second phase
transformation for the experimental alloys with relatively low mass ratio of Zn to Al ( 2), are higher than those of the
alloys with high mass ratio of Zn to Al ( 2), which results in different reactions during the second phase transformation
and different types of the second phases.
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SO,+CO,
300
2731 ZA(Mg-Zn-Al) 680
720 10 min
Zn 100 d 20 mm><90 mm
Zn/Al Mgz (Al Zn)y  /
MgZn Mg-Zn-Al 8%
Zn Al Zn Al Olympus EDS JOEL
61 Mg-Zn-Al  JSM-6460LV Olympus
Zn Al 0.067~1
o-Mg Mg;Al}, Zn Al 1
o-Mg  Mgs(Al, Zn)y !
ANYANWU 7] W(Zn)+w(AD)=13% Table 1 Chemical compositions of experimental alloys
w(Zn)/w(Al)=2 Mg-(6~14)Zn-(2~8)Al Alloy  w(Zn)w(Al) Mass fraction/%
a-Mg Mgs(AlL Zn) MgZn ZHANG Zn Me
[8-9] 7n Al 4 25  ZA82 ZAS56 0.83 6 5 Bal.
ZA104 oMz Mass(Al Zn) 7n ZAS5 1.00 5 5 Bal.
Al 5 6 ZA102 ZA122 ZA54 1.25 4 5 Bal.
a-Mg Mg (Al Zn)gy MgZn ZA75 1.40 5 7 Bal.
ZA64 1.50 4 6 Bal.
Zn Al Z/n Al ZA106 1.67 6 10 Bal.
Mg-Zn-Al ZA74 1.75 4 7 Bal.
Mg-Zn-Al Zn ZA84 2.00 4 8 Bal.
Al Mgs (Al Zn)y MgZn ZAT3 2.33 3 7 Bal.
ZA104 2.50 4 10 Bal.
Mg-Zn-Al Zn Al ZAT2 3.50 2 7 Bal.
Zn Al ZA82 4.00 2 8 Bal,
Mg-Zn-Al ZA102 5.00 2 10 Bal.
Mg-Zn-Al ZA122 6.00 2 12 Bal.
ZA142 7.00 2 14 Bal.
1 Castable area Castable area Brittle area
8 l (4%—6%)‘}\I+S%Zn L
(2%-5%)A1+7%Zn
1 Mg-Al-Zn 6 : '
; l - (2%-6%)Al+
Zn ( ° j : 10%Zn
1%) Zn <4 bt 4%Al+
Al T : (5%—10%)Zn
Zn 2r h(?“ﬁﬁﬁ‘;))in
1 1 Hot cracking area
Zn Al Mg-Zn-Al 0 ! 0 2'0 3' 0
w(Zn)/%
1 Mg-Al-Zn B3]

Fig.l Effects of compositions on castability of Mg-Al-Zn
alloys
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Fig.2 Metallographs of experimental alloys with different mass ratios of Zn to Al: (a) 0.83; (b) 1.40; (c) 1.75; (d) 2.00; (e) 3.50; (f) 5.00
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Mgy,Al;, (o] 4 Zn Al Mg-Zn-Al
( 3) 16-91 SEM 4
Zn Al
14 *
12+ [10] .
2 [10]
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Table 2 Volume fraction of second phases in as-cast
microstructures of experimental alloys with different mass s gt ° .
ratios of Zn to Al S p °° °op* ¢
Experimental Mass ratio of Volume fraction of * oo
alloy Zn to Al second phase/% 4+
o— a-Mg+Mgz (Al Zn)yg
ZA56 0.83 10.5 2H10] +— a-Mg+Mgy(Al, Zn)yytMgZn
ZA75 1.40 9.7 °
ZA74 1.75 6.4 0 3 1 6 g
7A84 2.00 56 Mass ratio of Zn to Al
ZAT2 3.50 6.3 3 Zn Al Zn
Fig.3 Effects of mass ratio of Zn to Al and Zn content on
ZA102 >-00 6.5 alloying phase of experimental alloys
4 Zn Al SEM

Fig.4 SEM images of parts of experimental alloys with different mass ratios of Zn to Al: (a) 0.83; (b) 1.40; (¢) 1.75; (d) 2.00; (e)

3.50; (f) 5.00
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5 Zn Al Mg-Zn-Al MgsZn,Al,
DSC 5 /n Mg32(A1, ZH)49
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Fig.5 DSC cooling curves of parts of experimental alloys with different mass ratios of Zn to Al: (a) 0.83; (b)2.00; (c) 3.50; (d) 5.00



1196 2008 7
6 DSC 7 8 Zn Al
6 DSC
387
Mg7Al, 7 8 Zn Al 2
6 Zn Al Zn
2 2 Al 2
337 337
( 3)Zn Al Zn Al
2 2 2 Zn Al
Zn Al 2 oa-Mg 2
L—L+a-Mg 640
L1—>oc—Mg+Mg5Zn2A12+L2 620 -
o
L2+Mg5Zn2A12—>oc-Mg+Mg32(Al, Zn)49+L3 0“2 ¢ o ° e o
Li—a-Mg+Mgn(AL Zn) 3 £ 600} Sl BT
o 0% @ | @
DSC £ =
o eC ge e
= .
( *
S80T ° °>— Onset temperature
S(@)~(b)) * * — Peak temperature
DSC . . . . . .
7n Al 2 5600 1 2 3 4 5 6 7
Mass ratio of Zn to Al
o-Mg
L—L+a-Mg 7 Zn Al

L1—>(X-Mg+Mg32(A1, Zn)49+Man

Fig.7 Effect of mass ratio of Zn to Al on onset and peak

temperatures of matrix solidification
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Fig.6 Effect of mass ratio of Zn to Al on onset and peak

temperatures of second phase transformation
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Zn Al 2 0-Mg+Mgjsy(Al, Zn)y Zn Al
w(Zn)w(Al)=2 Zn Al
Mg-Zn-Al Zn Al
7 Zn Al o-Mg+Mgsy(Al, Zn)ytMgZn
DSC Zn Al
7 w(Zn)/w(Al)=2
Zn Al 2
Zn Al 2 2) Zn Al Mg-Zn-Al
Zn Al
w(Zn)/w(Al)=2 Zn 2
Al 2 a-Mg+Mgs(Al, Zn)sg Zn Al 2
Zn Al 7n Al
Zn Al 2 Zn Al 2
2 a-Mg+Mgs(Al, Li—a-Mg+ MgsZn,Al,+L,
Zn)4+tMgZn Zn Al Ly+MgsZn,ALb—a-Mg+ Mgsy(Al, Zn)sotLs
Ly—0-Mg+Mgsy(Al, Zn)yg Zn
Al 2
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