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Microstructure and Strengthening Behavior in Squeeze Cast
Mg-Zn by Addition of Zr
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Abstact

Microstructural characteristics and strengthening behavior in Mg-5wt%Zn-0.6wtZr alloys have been investigated by a
combination of optical, secondary electron and transmission e¢lectron microscopy, differential thermal analysis, and
hardness and tensile, creep property measurements. The result have been compared with those of Mg-5wt%Zn alloys. The
as-squeeze cast microstructure consisted of dendrite a-Mg, interdendrite or intergranular Mg,;Zn; and fine dispersoids of
ZnZr,. The size of secondary solidification phases in Mg-5wt%Zn-0.6wtZr alloys was significantly smaller than that of the
Mg-5wt%Zn alloys due to the existence of fine dispersoid of ZnZr, which also effected the refinement of grain size. TEM
study showed that the main cause of age hardening is formation of fine rodlike [B,' precipitates as well as fine ZnZr,
dispersoids. Due to the observed microstructural characteristics mechanical propeties of Mg-5wt%Zn-0.6wtZr alloys was

found to be superior to those of Mg-5wt%Zn alloys.
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Fig. 1. Phase diagram of the Mg-Zn binary system.
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Fig. 2. As-cast optical microstructure obtained from : (a)
as-cast Mg-5wt%Zn; and (b) as-cast Mg-5wt%Zn-
0.6wt%Zr.
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Fig. 4. Phase indentitication by EDS analysis of as-cast Mg-
Swt%Zn-0.6wt%Zr alloy : (a) secondary electron
image; and (b) EDS analysis result.
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Fig. 6. Optical micrographs obtained from wedge-type-cast
Mg-5wt%Zn and Mg-5wt%Zn-0.6wt%Zr alloys : (a),
(b) and (c) top, middle, bottom part of wedge-type-
cast Mg-5wt%Zn alloy ; and (d), (¢) and (f) top,
middie, bottom part of wedge-type-cast Mg-Swt%Zn-
0.6wt%Zr alloy.
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Fig. 5. Bright field TEM micrographs and corresponding selected area electron patterns for squeeze-cast Mg-Swt%Zn-0.6wtZr

alloy.
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(a), (b) Optical micrographs obtained from squeeze
cast Mg-5wt%Zn and Mg-5wt%Zn-0.6wt%Zr alloy
after solution treatment at 320°C for 5 hours.
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Fig. 10. Optical micrographs obtained from wedge-type-cast
Mg-5wt%Zn and Mg-5wt%Zn-0.6Zr alloys after
solution treatment at 320°C for 5 hours followed
by aging treatment at 200°C for 20 hours : (a), (b)
and (c) top, middle, bottom part of wedge-type-cast
Mg-5wt%Zn alloy ; (a) and (d), (¢) and (f) top,
middle, bottom part of wedge-type-cast Mg-Swt%
Zn-0.6wt%Zr alloy.
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alloys after solution treatment at 320°C for 5 hours
followed by aging treatment at 200°C for 20 hours.

(43)

W Mg-5witZn-0.6wi%Zr
1 | amg swen
n
4]
E
5 50
-
§ «
O]
0
X
10
J
1 il &
Aging time{hours }
Fig. 12. Result of mesurement of grain size in squeeze cast

Mg-Swt%Zn and Mg-5wt%Zn-0.6wt%7Zr alloys
after solution treatment at 320°C for 5 hours
followed by aging treatment at 200°C for up to 100
hours.
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Fig. 13. Bright field TEM micrographs of squeeze cast Mg-
Swt%Zn-0.6wt%Zr alloy after solution treatment at
320°C for 5 hours followed by aging treatment at
200°C for 20 hours.
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Fig. 14. Micro-vikers hardness of Mg-5wt%Zn and Mg-
Swt%Zn-0.6wt%Zr alloys after solution treatment
at 320°C for 5 hours followed by aging treatment
at 200°C for up to 100 hours.
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Fig. 15. Mechanical properties of Mg-5wt%Zn and Mg-
Swt%Zn-0.6wt%Zr alloy after solution treatment at
320°C for 5 hours followed by aging treatmentat at
200°C.
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17. (a), ®), (c) Creep curve of Mg-Swt%Zn and Mg-5wt%Zn-0.6wt%Zz at 170°C, 180°C, 190°C and 200°C under 50 MPa,

65 MPa, 75 MPa and (d) Master rupture curve of Mg-5wt%Zn and Mg-5wt%Zn-0.6wt%Zr.

Table 2. Results of creep test

Temperature Load Rupture time Strain *Min. creep rate
('O (Mpa) Mg-5wt%Zn | Mg-5wt%Zr- | Mg-5wt%Zn | Mg-5wt%Zn- | Mg-5wi%Zn | Mg-5wt%Zn-

0.6Wt%Zr 0.6wWt%Zr 0.5wt%Zr
200°C 50 132 21.3 9 9.3 9.7x10°° 55%107°
190°C 50 35 46.3 9.9 7.9 1.4x107° 1.1x107°
180°C 50 126.2 290.2 8.6 7.9 9.8x10°* 1.8x107°8
190°C 65 6.2 7.5 79 8.9 98%107° 9.2%107°
180°C 65 25.1 35.3 8.9 8.5 4.1%x107° 2.6%x107°
170°C 65 46 73.1 7.5 8 1.6x10°° 1.1x107°
190°C 75 1.4 1.5 7.5 7 42%10°° 2.9%107°
180°C 75 4.3 4.4 7.4 8.1 26x%10° 1.3%107°
170°C 75 11.4 24 9.1 8.3 9.1x10°° 4.9x%10°°

(45)
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Fig. 17(d)e 5 339 Ze)x 54& ¥, 245
Hal FH oz d2] AHE 2 gl& Lason - Miller
parameter(L.M = {[log(tr) + 20] X T/ 1000})2} -&23}2]
RAE RAFI glon, o2y AIZHE Mg-
Swt%Zn R} 0.6Wwt%ZrS #H713F 39 ==
rjo] ) 347 A2 ZAS9l 00, Table 25 =2
Bl X AP Fo] At 2 Fe| T HEE 185 3
2| X AW g 3 ARAAES BT ot

5.d &£

1) Mg-5wt%Znel] 0.6wt%ZrS A7}t e 2 ZAA
H Z7le fd2yde) FYFFHLE A2H A]H9
738, 67 umollA] 52 umE ZhAdtg sy GEbdEH e
2 Alzxs XHe] AL 74 pymelA] 66.5 umE 7} A
< JAsc}. =3 MgZnAte] HFRH-2 <F 3.6
umol| Al 2.5 um=E ZFAE R, AFHA A%
o] ¢ 0.4 um =7)8] v A BAMIQ] ZnZr -8 B
sack

2) Mg-5wt%Zn =3} Mg-5wt%Zn-0.6Wt%Zr &=
o] 7 §-oll A|&7}st AR b moke] MgZn'(B:Yi
Jd AEHEE ¥ AeE FIFHU2, Mg-
Swt%ZngHEe] 7 $-oll= 200°CoA] 2047k Fgt A
F x| Aol HHAEE el o, 0.6wt%Zrg A7}
& 39| 7ol = 200°Cl| A 35417 F<F AlEA
Aol A &S elch. =8 FALFAE 200C

(46)

20A)7 ol A 35A17F 8 A=l en, AR e E
o 6304 7022 F71sks] oS WA3sic).

3) Mg-5wt%Znol| 0.6wt%Zre H7}goss AA
A A3} gB7) s = 87 MPadllA4] 103 MPag Z7}3}
don, HUdAREE 209 MPadllA] 227 MPag &
718k o} AL 14%0 A 9% 7HA sl ).

= 7

B A3 A3t EAHAF7E d(FAHNE
: 96-0300-09-01-3)x]dol] &3] 35 dFAFe] o
F-20 24 o] ZMAl=Yrt.
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