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Effects of Mn/Fe mole ratio on iron-rich phase morphology of
A356 cast aluminum alloy
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Abstract: Different Mn contents were added to A356 aluminum alloy containing 1.0% Fe (mass fraction). The effects of
Mn/Fe mole ratio on the iron-rich phase morphology were studied by analysis methods of OM, SEM, EDS and DSC, and
the solidification sequence of phases in A356 alloy with Mn adding was investigated. The results show that the evolution
order of the iron-rich phase morphology is needle-like, Chinese script, dendritic, starlike, polygonal with the increase of
Mn/Fe mole ratio. The needle-iron phase is eliminated basically when Mn/Fe mole ratio is above 1.2. The (Fe, Mn)/Si
mole ratio increases with iron-rich phase morphology solidification sequence namely, 0.5 to 0.7 in needle iron-rich phase,
1.2 to 1.7 in Chinese script and dendritic-like iron-rich phase, 1.9 in star-like and polygons-like iron-rich phase. With
increasing the mole ratio, the average grain size and volume fraction of iron-rich phase increase firstly, then decrease and
finally increase. The average grain size and volume fraction of the iron-rich phase are the minimum at Mn/Fe mole ratio
of 1.0, similar to those of the A356-1.0Fe alloy. Furthermore, Mn addition is beneficial to increase the solidification
temperature of eutectic phase and forming temperature of a(Al) matrix phase, thus promoting the forming of polygonal
iron rich phase.
Key words: A356 aluminum alloy; iron-rich phase; Mn/Fe mole ratio; solidification process
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Table 1 Chemical compositions of alloys

Alloy Mass fraction/% Mn/Fe
No. Si Fe Mn Mg Al mole ratio
0 6.76  1.01 0.0345 035 Bal 0.03
1 6.71 1.05 043 0296 Bal 0.41
2 6.68 0979 1.00 0.240 Bal 1.02
3 6.65 0964 1.10 0.220 Bal 1.14
4 6.61 0994 146 0228 Bal 1.47
5 6.58 1.02 192 0.268 Bal. 1.88
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Fig. 1 Tron-rich phase morphologies under different Mn/Fe mole ratios: (a), (b) Mn/Fe mole ratio of 0; (c), (d) Mn/Fe mole ratio of
0.5; (e), (f) Mn/Fe mole ratio of 1; (g), (h) Mn/Fe mole ratio of 1.2; (i), (j) Mn/Fe mole ratio of 1.5; (k), (1) Mn/Fe mole ratio of 2.0.
(a) Needle-like; (b) Short-rod; (c) Needle-like; (d), (e) Chinese script; (f) Dendritic; (g) Starlike; (h) Dendritic; (i) Starlike; (j)

Dendritic; (k) Polygonal; (1) Chinese script
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Table 2 Chemical composition of iron rich phase with different morphologies
Mass fraction/%
Alloy No. Morphology (Mn,Fe)/Si mole ratio
Al Si Mn Fe
0 Needle-like 58.16 19.77 - 22.07 0.56
Chinese script 62.05 9.19 9.36 19.40 1.56
: Needle-like 58.93 16.78 4.76 19.53 0.72
Dendritic 59.32 9.89 15.25 15.54 1.56
2 Chinese script 56.98 9.78 16.02 17.22 1.70
Needle-like 65.23 17.14 5.79 11.85 0.51
Starlike 55.59 9.36 20.24 14.81 1.87
: Chinese script 67.27 8.52 13.15 11.07 1.42
Starlike 55.08 9.49 22.54 12.89 1.87
! Chinese script 54.85 10.37 20.46 14.32 1.68
Starlike 56.39 9.11 23.49 11.01 1.90
5 Chinese script 56.21 13.22 19.68 10.89 1.16
Polygonal 56.26 9.14 23.47 11.13 1.89
Mn)/Si FEIR LG4 504 - #1IR(Needle-like) )4 0.5~0.7; 12 13

PR (Chinese script) )4 1.2~1.7; £ 84 (Starlike) F1£
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Fig. 2 Volume fraction and average grain size of iron-rich

phase with different Mn/Fe mole ratios

AIAEA . 2 Mn/Fe BERLEA 0 B, BN RS
10 wm) AT 7 dichr S i bl e, 85%; 24 Min/Fe JEE
IREE 0.5 i, WA RSF(10~30 wm) T el e g
[k 40%LL b5 Y Mn/Fe BEREEN 2 B, SR RSEK
T30 pm W BRAHT S HOR Bl Rl A 18%.
Mn/Fe BE/REEKT 1.2 BHBAIAEZAR, MILHE D
1.2, 1.5. 2.0 B, HIAEBRAH P B KR53 Silik 2 106,
160. 85 um.

2.4 DSC Bt
K 4 a4 0 R Mn 3 INEh 1.2%0 & 4kt



1836

hEA SR R

201547 H

100
(a)
80
°
E
E 60
=
=
=
@ 40
z
(o]
20
0 20 40 60 %0 100
Grain size/um
100
(c)
80
=
5
E 60
=
8
s
2 40
Z
[a]
20
20 30 60 80 100
Grain size/um
g
E
=1
=]
E
a
20 30 60 80 100

Grain size/um

3 A[F Mn/Fe BER LG & BRAH T o A B
Fig. 3 Grain size distribution diagrams of iron-rich phase with different Mn/Fe mole ratios: (a) Mn/Fe mole ratio of 0; (b) Mn/Fe
mole ratio of 0.5; (c) Mn/Fe mole ratio of 1.0; (d) Mn/Fe mole ratio of 1.2; (¢) Mn/Fe mole ratio of 1.5; (f) Mn/Fe mole ratio of 2.0
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