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Microstructural Control of Mg-Zn Alloys by Rapid
Solidification and Elemental Addition
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Abstract

Interest in rapid solidification of magnesium alloys stems from the fact that conventional ingot metallurgy alloys exhibit poor
strength, ductility, and corrosion resistance. Such properties can be improved by microstructural refinement via rapid solidification
processing. In this study, Mg-Zn alloys have been produced as continuous strips by melt overflow technique. In order to evaluate
the influence of additional elements on the grain refinement and mechanical properties, Th and Zr were added in rapidly
solidified Mg-5wt%Zn alloy. Then the microstructual observations were undertaken with the objective of evaluating the grain
refinement as function of the cooling rate and the additional elements. The tremendous increase in hardness of Mg-Zn base
alloys was mainly due to the refinement of the grain structure by the effect of rapid solidification and alloying elements. The
formation of intermetallic phases on the grain boundaries may have a positive effect on the corroion resistance. Therefore, despite
competition from many other developments, the rapid sohdification processing of magnesium alloys emerges as a valuable

method to develop superior and commercially acceptable magnesium alloys.
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Fig. 1. Optical micrographs of Mg-5Zn and Mg-5Zn-3Th-
1Zr alloy strips with the cooling wheel speeds of
300, 400, 500, 600, and 700 rpm.
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Fig. 2. Variation of grain size with the cooling wheel speed
in rapidly solidified Mg-5Zn and Mg-5Zn-3Th-1Zr
alloys.
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Fig. 3. Variation of hardness with the cooling wheel speed in
rapidly solidfied Mg-5Zn and Mg-5Zn-3Th-1Zr alloys.
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Fig. 4. (a) Secondary electron SEM image and (b) bright
field TEM image of Mg-5Zn alloy strip.

T2 MgsiZnyt o 2 4= 15, 16].

72 A FANA A FH Mg-5Zn-3Th-1Zr5H A
Egle] SEM tiA|ZA-2 17 5(a)dl|lA BoFar Q)
t}. ¥ 5(b)2] EDS x-ray spectrum-2 7] x| Z%]9] 1
F2YL hehlle) 2 okl Zno) oMg 71424 o)
S35 9dThs AMIE BelZeh SEM vl 424 A}
A FYSael skl A serse) FL75HY
2 Qabe] AAYALG AR Bl £xH
AE TAE 5 Sl o9 22 F Y-S A&
TEMoIA o 2HA3 24K 4 9lor, 29 6]
TEM bright field imageol| 4] %3} ¥ o-Mg 3-8
A zojsky #FAY 42 YA B ohieh o]
AgE FA4ato] AREY, A XA P4 Mg-5Zn B}
T8 ZAAN =S olZle] AFE AluadT. =3}
s A S5288E Seo] AAYAE o=t
el d&Aow JYAHE AS & 5 vk 18 5(02
EDS x-ray #4743} o] gQixMte] sk ZA o)



Vol. 18, No. 3

Journal of the Korean Foundrymen’s Society

— 287 —

LAY : :
(b) U; H ¢ 3 H
* - [ ] - . !
1] i : R §
i s ¥ ) .
b . - ; . - - i
t - - £ - . ; .
H ; : . : : P H
¢ X B . i
: g R . ¢ . . : : E
i5 ‘ * - M . : H ®
HE 2 K K ‘5 R [ E—. » . E
. . : H : . :
Ei < : H T H ‘ -1
. . : i H H H .
. T I : (T SN
[ T . : H ¥ :
B § ¥ ) : ¥ ; § i v
N ; - b - i ; ; : )
ik o e e e B e e} sroams sonn sl o oimonni 20 s o e
; E‘ 4 o s : ; i § §
ER A | : - : ; ! °
f.ii i § ; 3 i i{‘ i : H
2 { £ L ; : NPT g
. \.‘,1:'% N . f E ; ¢ :
i N i * & ¥ H
fji’ 3 3y . ! ! b | i
AR a:i wl ..gm, ™ R \.M;,M.\M - ME«M U mé PR -E — J— i __..%_.._.;i - ﬁ
’ izl § ¢ s Y i i i i ;
i o Ty it gy ; : . :
: ‘-) éb“‘?x’ 3 i" tiiiaig 5 - ‘;-" - ER \m‘?%’v&‘ﬁfg‘“wﬂ"iﬁvéw
T ~ WS e 1024 10 260
% ﬁl i * * H i i
(C ) Y143 H i ' i i :
NS i £ i § :
i § i 3
I ? §M o Www% 3 .
L ¥ * 3
‘; $ é g H ; ;
¥ k]
T : EE e } - e e 3 —r .
¢ : i § 5 1 !
* & 4 H H H g H
N | L i e e o oo 1. . b
* 3 ¥ i
i # i [ + H :
g H i b i i £
L S SR SN VSRR SR I
i ¥ f H 1 “%
i H :
S DR S S bk
Mg : ; : g :
; ; 3 i
; . ' §
. W ‘Yg E aorp s ’:3 . ).«)\w-i;::tmwi PURS 3% A e R TEW
! B e
E ;‘ “\\ ’ ﬁ
Sk v 1 ymmam - ﬁi - T
i : H
L SV SRR | | VO S .
9000 : ’ VS ¢« 4098 10,340

Fig. 5. (a) Back-scattered electron SEM image of Mg-5Zn-
3Th-1Zr alloy strip. EDS x-ray spectrums (b) from
o-Mg matrix and (c) from white intermetallic phase
on the grain boundary.
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Fig. 6. (a) TEM micrograph of Mg-5Zn-3Th-1Zr strip and
SAED patterns showing (b) [1210] zone axis of o-
Mg matrix and (c) [122] zone axis of intergranular
phase (cubic, a0=11.754&) on the grain boundary.
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