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Abstract
In this study, the age-hardening behavior and tensile properties of a cast AZ91-0.3Ca-0.2Y (SEN9) alloy are investigated and compared

with those of a commercial AZ91 alloy. Even after homogenization heat treatment, the SEN9 alloy contains numerous undissolved

secondary phases, AlgMn,Y, Al,Y, and Al,Ca, which results in a higher hardness value than the homogenized AZ91 alloy. Under aging
condition at 200 C, both the AZ91 and SEN9 alloys exhibit the same peak-aging time of 8 h, but the peak hardness of the latter (86.8 Hv)

is higher than that of the former (83.9 Hv). The precipitation behavior of Mg;;Al;, phase during aging significantly differs in the two alloys.

In the AZ91 alloy, the area fraction of Mg;;Al;, discontinuous precipitates (DPs) increases up to ~50% as the aging time increases. In

contrast, in the SEN9 alloy, the formation and growth of DPs during aging are substantially suppressed by the Ca- or Y-containing particles,

which leads to the formation of only a small amount of DPs with an area fraction of ~4% after peak aging. Moreover, the size and inter-

particle spacing of Mg;Al;, precipitates of the peak-aged SEN9 alloy are smaller than those of the peak-aged AZ91 alloy. The

homogenized AZ91 alloy exhibits a higher tensile strength than the homogenized SENO alloy due to the finer grains of the former. However,

the peak-aged SENO alloy has a higher tensile elongation than the peak-aged AZ91 alloy due to the smaller amount of brittle DPs in the

former.
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Fig. 1 Optical micrographs of (a, b) as-cast and (b, d)
homogenized alloys: (a, ¢) AZ91 and (b, d) SEN9
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Fig. 2 XRD patterns of homogenized: (a) AZ91; (b)
SENO alloys
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Fig. 3 Age-hardening curves of AZ91 and SEN9 alloys

o)

v

A% ALY, AlMn,Y, Al,Ca ©]2HdE°] SEN9 &
of AR YA H AAHWe vt SAste] JAt
s} £ oA AR AzZEC22]. $9,
e B Ala 8AIFtelM I A Ala Al TH(peak-
aging time)©] WEF O™, I3 7 %= (peak hardness)=
SEN9 3(86.8 Hv)°] AZ91 e(83.9 Hv)oll Hl&j
o E=4th 7 e AE AEed s dolry]
el Ala Aol wE mA 2 #F A3E Fig 4
of vrebtt

Mg-AlAl 558 200 °Co] &=ollA Ala & 45,
Mg;Al, o] 94 A& E(continuous precipitate, CP)
I} EAE HE (dlscontmuous precipitate, DP)2] 3 El]
2 3 AEHY A5 AEES 249 WA
(0001) 71 AWl FastA =to] dei=, =A% A&
zo AR A2ALAYE FAsHA Ay
ghdl g} - Z(lamellar structure)E 7} TH23]. LwH4

Hopor i
_E‘

i - T

Fig. 4 SEM micrographs of (a) AZ91; (b) SEN9 alloys aged for 1,2,4, and 8 h
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Fig. S Variation in area fraction of DPs region in AZ91
and SEN9 alloys with aging time

o2 A& NEFEY BEJS HEE A S=9
o 7AW mEH Ale] Tk =A &3t}
AlE AlREe] F7hgel wel S fee] AA A
Al EAE AEEe MR MEHAEA 1
o] F7tsltglon, A4 MEE ek Alte] FUhE
of me} 1 Fo] FUhsiglth AR, FUS AR
A7kl 4] SEN9 §hae] Edg HEE] o] AZIl
gl vl dAsA ATt ol= o) Aol A
By wvpep o] A7Ex] FE dJo R Adk Fo
2, (1) SEN9 3w ZAHA o] AZ91 shaol M

{gﬁ Z—]_T_I_’ (2)
AlLCa ©|x} &
BEa, 3) &%
o] o]
&7] W&ol rh19

z7] AAE A7) 7}

Esl= vl ALY, AlMny,
Il AZell Hagk Alo
g Ca Hv=

1

oﬂt .
SEN9 S&& AJgA| 7+
4% °]3

Z
o,
o

8h 8h

=y
=
~

—e—AZO1
95 —=—SEN9

8 3 B

Hardness (Hv)

Hardness (Hv)
4

1 10 1 1 10 100
Aging time (h) Aging time (h)

Fig. 6 Microhardness variations in (a) CPs; (b) DPs
region of AZ91 and SENY alloys with aging time
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Fig. 7 SEM micrographs of peak-aged (a) AZ91 and (b) SEN9 alloys
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Fig. 8 Tensile curves and properties of AZ91 and SEN9
alloys in homogenized and peak-aged states
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