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Transformation mechanism of iron-rich phase in
6061 aluminum alloy during homogenization

DU Peng, YAN Xiao-dong, LI Yan-li, SHEN Jian

(Central Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: The phase transformation and precipitation behavior of iron-rich phase of 6061 aluminum alloy during the
homogenization were investigated by optical microscopy(OM) scanning electron microscopy(SEM), energy dispersive
spectrum(EDS) and transmission electron microscopy (TEM). The results show that the element of Mn is directly
involved in the phase transformation of iron-rich phase during the homogenization, which makes the needle shaped
p-AlFeSi phase transform into particle shaped a-Al(MnFe)Si phase. There is not evident phase transformation of
p-AlsFeSi phase — a-AlgFe,Si phase at 560 . Block shaped phase AlgFe,Si and granular shaped phase Alg; gFe44.9S123.9
precipitate during the homogenization, and the precipitate rate of Aljg;gFes40S1239 phase is affected by the transition
process of -AlsFeSi phase — a-AlgFe,Si phase.
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Table 1 Chemical composition of experimental alloy (Mass

fraction, %)

Mg Si Fe Cu
0.88 0.6 0.14 0.23
Mn Cr Zn Ti
0.036 0.18 <0.01 <0.01

25 mm><25 mm><25 mm

560
2 6 9 12 24 48h
600 4h
Axiovert 200MAT (OM)
JSM—840 (SEM)
NORAN-VANTAGE-DI4105 (EDS)
JEM—-2010
2
2.1
6061
1 1
a
b
2 EDS Fe Mg
Si 6061

1 6061

Fig.1 Ingot microstructure of 6061 aluminum alloy

2 6061 EDS
Table 2 EDS analytical results of 6061 aluminum alloy

Mole fraction/%

Phase
Al Si Cr Mn Fe Cu Mg

a 96.96 041 0.16 026 0.72 024 1.26
b 83.84 514 166 149 6.02 037 148

6061
2 (
2() (b) (c) 560 12 h
24 h 2(c)
2(d)
655 0.052%
p-AlFeSi a-AlFeSi
560
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Fig.2 OM images of alloys homogenized at 560  for different holding time: (a) Ingot; (b), (d) 560 , 12 h; (c), (e) 560 , 24 h;

2 560 oM
560 ,36h
2.2 P(AlFeSi)—a(AlFeSi) 560
TEM 3 3
3(a)
3(b)
1.26 nm
a=0.617nm b5=0.617 nm ¢=2.08 nm p=91°
Aly sFeSi 560

24 h TEM
30 3(d)
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3@ (o)
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Fig.3 TEM images and SAED patterns of iron-rich phase: (a), (b) Ingot; (c), (d) 560 ,24h

a-Al(MnFe)Si [11]
S-AlsFeSi a-AlgFe,Si
(X-AlgFezsi

[12]

(Fe+tMn) Si  Fe Si

Mn Fe
Si Fe
Si Fe
Fe Si
Sl [13]
Mn Fe
1)Mn Fe
( 3) Mn Fe
2) ( )
Mn Mn
Mn Fe

n(Mn)/n(Fe)=1 (61 Mn

n(Mn)/n(Fe)=1.1

3 Mn Fe
Table 3 Comparison of physical and chemical properties of

elements Mn and Fe

Relative  Crystal . Atom
Element . Electronegativity .
atomic mass structure radius/nm
Mn 54.94 SC 1.55 0.112
Fe 55.85 BCC 1.83 0.124

2.3 a(AlFeSi)

560 2h
4(a) 48 h
4(c)
a=124nm b=2.62
nm AlgFe,Si

a=1.24 nm b=2.62 nm A1]67,8Fe44,9Si23,9
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Fig.4 TEM images and SAED patterns of precipitates: (a), (b) 560 , 2 h; (c), (d) 560 ,48h
560 48
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Fe Si 6061
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3 .
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5 560 a-Al 67.5F€4495123 9
9 h
48 h ( 5(c)) [-Aly sFeSi—a-AlgFe,Si
Si Si
600 4 h( 5(d)) a-Al 67 8F€44.05123.9
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6061 Al alloy
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Fig.5 TEM images of iron-rich phase during homogenization: (a) Ingot; (b) 560 , 9 h; (c) 560 , 48 h; (d) 600
Precipitated at 560 C
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=
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Fig.6 Schematic diagram of phase transformation mechanism of iron-rich phases in alloys
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