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Fig. 1. Nearly equiaxed grain structures observed in samples of the
Mg-3.8%7Zn-2.2%Ca alloy with an addition of 0.25%Zr[8].
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Table 1. Representative methods for grain refinement of magnesium alloys.

Magnesium Alloys containing Al
(e.g. AZ, AM series alloys)

Magnesium Alloys not containing Al
(e.g. ZE, ZM series alloys)

Superheating
ELFINAL Pr
ocess Zr Addition
Carbon Inoculation
Particle Inoculation
Master Alloy Addition .
AlLZn,Re,Th,Si,Ca and others

Electromagnetic Vibration, Stirring
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Fig. 2. Optical micrographs of (a) AZ91 alloy and (b) AZ91 alloy
with an addition of 0.6% C,Cls. The grain size of AZ91 alloy
was refined from 457 to 112 um by carbon addition.
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Fig. 3. Optical micrographs of (a) pure Mg and (b) pure Mg with an
addition of 0.6% CyCls. No grain refinement was observed.

Fig. 4. Optical micrographs showing the effect of holding time on
grain size of AZ91 alloy with an anddition of 0.6% C,Clg at
740; (a) 2 hours and (b) 4 hours.
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Fig. 5. EPMA area analysis result of AZ31 alloy with an addition of
0.6% C,Clg. Carbon concentration appears to be high in the
eutectic phase[26].

Fig. 6. Distribution of Al and C in AZ91 alloys with an addition of
0.6% C,Clg in (a) etched and (b) unetched conditions[30].



A278 A2 (2007.3) [FF2FE3A -53-
ARz e Aol A3} 233 eie) &350 Ut £ A9l 3} o)e A= J27 AlMns YA Me-
A3 A5 HE 59 olf 2 o}A7R] WEsHA n|A g AA $29 A9 mASkl gk delolgte S YeRdt.
7197 WA Bl e Aot B ArEME i

A7l o3 Mg-AlAl 59 2% mAsld g8 2o 5. 8aea 3 B2 oL Hstk

ATE Psleon, 2 AAERE 712 JPHEA TR

AU T2 FAHQPH AA}So] Az Z95 ek Al B4 H7PHOA wfs- 238 I8 3P, w4 FHrt
Ui ARBIAT F, ARG S A S AZ91 T2

TACCAIM AZ91 3ol 0.6 wt.% C,ClE 718 AJ#e] 1)
Alz2 & E4% A3KFig. 2), F A1E Alole] $8 xjo)=
ALG; 73] &R 577t ol AlMn, 94Rke] FArHsie
™ (Fig. 7), PSS Al AFEE o 3pum AT
2715 7HE Y AlMns QAFEC] UIRE- 24 2
ol RFL Y= ARIERE AlMns o] AZ91 29
AAH wAlgte] 8 AQojte 48 9L £ At

=8 AlMns Y27 Mg-AlAl FFolA AAYE mAEE
dodle Fa AT A 718 b A7AE] AA
A ALC; YA} 0|27 ke Zola & 4= AU}, s Rt
Table 2004 & & U%o] 71800 ALC; ©12S AX k= 4
o fiito] AZ31 & AZ91F Zo] Mng ¥ FsR= ¥
ol g A3, Mno] A %S Mg-3%A18) 7
 Z24% Mgk 237t 3R] AU B Jop) ofd st
T 9 A3 S8 HU1E a3olr] wjEo] AlMns At
7F Mg-Al 329 247 vAEE deid 7P 225 9
A A & 5 itk AR oAEl] tiEk AlgMns Y
Ape] gl #Hgh I T2 o]fE Emley?) 7HdoIM Fol &
4 Sith Emleyll 9519 ¥ X&)% 52 Elfinal F4
ofe Az AlEM BAHE ARY nAE B4 AlMn-
Fe 3132 32 ALGC; 47t 99 Aojgty s, ol& o
Fe] dabEel o5 wolEaXal ItH4,6]. TF Al-Mn-
Fe 3}5HEo| nlAsle] Qiololald oL E dAyAze} 9z
$th Few Mndt dApubge] 79 FAlsled Mz 4A x$
2 7 Q7] 2o Feg A% TH3R= AlMnse AlgMnFe)s
o7 YuEr|x Frh wek ALCYE ulAMlElel] thEt clelzt
W VoA gAY R EHORRE AVl £E Y
UHIL o] Bk AL Al HEsle] ALGE FA4E9S
oJu|3l=t], o] 7% Mn, Fe’} 10 ppm ©]5}=
oA #HE Aol o3t wjM 3t a3 YehA|

Table 2. Comparison of the grain size of various magnesium alloys
inoculated by carbon.
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AZ91 460 pm 112 um(this work)
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Fig. 8. Optical micrographs showing the effect of manganese on
grain refining efficiency; (a) Mn-free Mg-9% Al binary alloy
with an addition of 0.6% C,Clg, and (b) Mg-9%A1-0.3%Mn
alloy with an addition of 0.6% C,Cl.
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Fig. 9. Grain refinement in the samples of (a) AZ91 +MgCO; and
(b) Mg-9%A1+MnCOs[32].
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