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Microstructure of friction stir processed as-cast Al-Fe alloy
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Abstract: Al-3%Fe (mass fraction) binary alloy was prepared by fusion casting. The effect of reciprocating multi-pass
friction stir processing (FSP) on the microstructure of the alloy was studied. The results show that the microstructure of
each pass in stir zone is non-uniform after one to three passes reciprocating FSP. With the increase of processing passes,
the degree of uniformity and refinement of the microstructure increases. The as-cast alloy is composed of the a-Al and
coarse needle Al;Fe phases. The microstructure in stir zone is significantly refined after three passes FSP. The as-cast
microstructure in the stir zone is changed into fine equiaxed recrystallized grains with the size of 2—5 um, and stacking

fault appears in some grains. Coarse needle Al;Fe phases are broken into granular phases with the length of less than

1 pm, and disperse in Al matrix grain boundary and grain interior. Refined Al;Fe particles present twin structure.
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Fig. 1 As-cast microstructure of Al-3%Fe alloy
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Fig. 2 Phase diagram of Al-Fe binary alloy

FER AR I8, VR R, Bt AT HY X 38 Fe
) AR VRAL R 02 21— € BRI AL Fe s /N1 TRIAH,
Fe J& ¥ 5 WA RIS & 181N, Fe JR 1 [ HER) L
WIXE. FrLL,  AlsFe AHUAGH AR A B A2 21

2.2 FSP XBIEWLELR

X5 Al-3%Fe 180T 1. 2 A1 3 JEIRAE
52 FSP, AN[FEIR FSP X (MBS WA 3 . H
Kl 3 W] W,: FSP X 34253 4 BE44 (Base metal, BM). 4
FEIX (Stir zone, SZ)NIFAMLFEMIIX (Thermo-mechanically
affected zone, TMAZ). i+t SBEE 77 n) 544877 ) —
) — 0 4 57 B (Advancing side, AS); Rk i
7 1) 55 B4 T7 ) AH () — ) 4 Ji= 1Bl (Retreating side,
RS). 1. 2 Fl 3 W@RAEE FSP X RFMIAE, MBS
SEINECIR. FSP bR, )R M FEE R e BE BRI
YU A K B, AT T e e tb, Jfk
AEBRYERL S . R KA B A s, W EE EL T )
(Vertical direction, VD)l B 5lJEBGE, <5 @ &Ik



1272 A G

2012 4E 5 H

B3 FSP Xz WIES
Fig. 3 Cross-sectional macrographs in FSP zone: (a) One pass
FSP; (b) Two passes FSP; (c¢) Three passes FSP
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Fig. 4 Microstructures of areas 4 (a), B (b), C (c) and D (d) in Fig. 3
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Fig. 5 TEM images in stir zone after three passes FSP: (a) Recrystallized grain; (b) Stacking fault
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Fig. 6 TEM images of Al;Fe particles in stir zone after three passes FSP: (a) Al;Fe particles; (b) Energy spectrum analysis;

(c) Selected area diffraction pattern; (d) Diffraction pattern index in (c)
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