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Fig.1 Grain morphologies of the Mg-3%Al alloy containing different Fe addition contents without inoculant: (a) 0%, (b) 0.02%, and
(c) 0.05%
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Fig.2 Grain morphologies of the Mg-3%Al alloy containing different Fe addition contents refined by carbon inoculation combining with
Sr addition for different holding time: (a~c) Mg-3%Al-x(x=0, 0.02%, 0.05%) with the holding time of 30 min;
(d~f) Mg-3%Al-x(x=0, 0.02%, 0.05%) with the holding time of 80 min
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Fig.3 Effect of holding time on grain sizes of the Mg-3%Al-xFe
(x=0, 0.02%, 0.05%) alloys prepared through process 1

81.09%FH 76.68%, i MHf AL F] 80 min if, F Ak
AT 22 53 5] 4 81.33% K1 76.30%, ki L~} 4%
IR BEA K, BEALRFFRE

Bl 4 fios e 12 2 &0 RS Fe &1
Mg-3%Al & 4 diki 21 8] 4a Fil 4c 53719 Mg-3%Al
IBIRE 7 B4 B J5 (PRI 20 min)F s il 0.02%Fe
fiR 10 A1 60 min (kI AHLE, SRIMASTTLE 1
FfRdE 30 A1 80 min. S5 ARZEE AN Mg-3%Al-
0.02%Fe FHLL(E 1b), ki ERFFAIMIRTS, RSP
(520+26) pm Zi{k % (13029) M (120£4) pum. Xt 7%
0.05%Fe 1] Mg-3%Al & 4 (& 4d) dioR B 47
Bl 5 Fros N ARIR BRI 22 78 70 24 22 8 J5 BN E
H IR Fe Ja & & diobn R 152 o 1% B (R 7E DR IR
20 min FiSZPRAN Mg-3%AI-0.2%Sr &4, B



51

PP St ERTAE Mg-3%Al & kD Fe B Z L 5 TERFHIHI1E T - 219 -

Kl 4 EZEFRE, BIREEEINME Fe 1 Mg-3%AI & <5 k41 21
Fig.4 Grain morphologies of the Mg-3%Al alloy with different Fe addition after carbon inoculation combining with Sr addition for
different holding time: (a, b) Mg-3%Al-0.02%Fe with the holding time of 10 min and 60 min; (c, d) Mg-3%Al-0.05%Fe with the

holding time of 10 min and 60 min
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Fig.5 Effect of holding time on grain sizes of the Mg-3%Al-xFe
(x=0, 0.02%, 0.05%) alloys prepared through process 2
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Fig.6 Low and high magnification EPMA micrographs of Mg-3%Al alloy containing 0.05% Fe addition refined by carbon inoculation
combining with Sr addition: (a, b) Mg-3%AI-0.05%Fe with the holding time of 5 min and (c, d) Mg-3%AIl-0.05%Fe with the

holding time of 80 min
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Table 1 Chemical composition of matrix and particles in Fig.6 (w/%)
Particle A Particle C . . . .
Element Core Shell Core Shell Particle D Particle E Particle B Matrix
C 5.30 12.37 6.61 11.37 15.97 15.80 10.20 3.55
(¢} 8.32 16.09 11.98 16.09 20.62 20.93 17.46 1.95
Mg 33.27 63.26 21.64 63.26 30.57 50.24 35.10 93.11
Al 22.70 6.80 24.64 6.80 32.20 11.35 9.73 1.18
Sr 0.64 0.93 0.70 0.64 0.63 1.68 26.82 0.21
Fe 29.49 0.85 34.42 1.85 0.00 0.00 0.69 0.00
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Fig.7 Low and high magnification EPMA micrographs of Mg-3%Al alloy with 0.02% Fe after carbon inoculation combining with Sr
addition: (a, b) Mg-3%Al-0.02%Fe with the holding time of 10 min and (c, d) Mg-3%AI-0.02%Fe with the holding time of 60 min
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Table 2 Parameters needed for calculating constitutional

undercooling and growth restriction factor

Parameter Symbol Value Reference
o mi-Al -6.87 [27]
Liquidus slope m-Sr 353 [27]
Equilibrium k-Al 0.37 [27]
distribution
coefficient k-Sr 0.006 271
Growth-limited Q-Al 4.32 [28]
factor Q-Sr 3.51 [28]
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Fig.9 Relationship between constitutional undercooling and

solidification mass fraction
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3) Sr {5 AT BRI Al,Cs F Al-Fe MUk [ 2% 1 BE
FL & R] 1 LTI RE, AT (2 S2E XURH 25 6 UKL 11 A2 B
T AT A0 ] A% 2H o) RN S5 R AR A, F e iR S AR E
MNTI AT A ] iz A 2 B 3R .
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Inhibiting Behavior of Sr on Fe-induced Nuclei Poisoning and Fading of Mg-3%Al
Melt Inoculated by Carbon

Li Chengbo, Wen Cheng, Du Jun, Li Wenfang
(South China University of Technology, Guangzhou 510641, China)

Abstract: The Mg-3%Al melt was inoculated by carbon combining with Sr addition. The trace impurity Fe was introduced into the melt
and the holding time after carbon-inoculation was adjusted. The effect of impurity Fe on grain refinement and structure characteristics of
the nucleating particle was studied by adjusting the sequence of Fe introduction and holding time. The results show that the Mg-3%Al alloy
is significantly refined by carbon inoculation combining with Sr addition. The addition of impurity Fe and its sequence have a little adverse
effect on the grain refinement. The grain size is refined from 560 pum to the range between 100 and 130 pm. The grain size after being
inoculated increases slightly with increasing the holding time to 80 min. The presence of Sr can effectively inhibit the adverse effects of
Fe-induced grain coarsening and accelerating the fading of carbon inoculation. There are two types of particles which could be easily
observed in the inoculated Mg-3%Al alloy containing with trace Fe impurity. One is the Al,Cs particles and the other is dual-phased
particles of Al-Fe phase coated with Al,Cs. Both of the particles should be the potent nuclei of a-Mg grains. Higher Sr content in the
particles was measured. Active element Sr easily segregates and is enriched towards the surface of particles, reducing the surface energy
and interfacial energy of particles. The segregation of Sr can promote the formation of dual-phase particles and improve the stability of
potent nuclei. Consequently, the Fe-induced nuclei-poisoning and the fading of inoculation can be effectively inhibited due to Sr addition
in the carbon-inoculated Mg-Al melt.

Key words: Mg-Al alloy; carbon inoculation; grain refinement; fading of inoculation
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