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Table 1 Chemical compositions of 2024 aluminum alloy

(mass fraction, %)

Cu Mg Fe Si Al

3.8-4.9 1.2-1.8 0.5 0.5 Bal.
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Fig.1 Schematic diagram of Stationary shoulder FSAM
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Fig. 2 Macro-morphology of AM
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Fig.4 SEM images of AM cross section along thickness direction: (a) BM; (b) AM-top; (c) AM-middle; (d) AM-bottom
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Table 2 EDS analysis of impurity shown in Fig. 4
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Table 3 Relative content of phase in AM
Relative content/%
Position
a(Al) Fe;Si Al,CuMg
BM 92.9 5.0 2.1
AM-top 95.4 3.4 1.2
AM-middle 95.6 3.6 0.8]
AM-bottom 95.8 3.7 0.5]

Position Mole fraction/%
No. Al Cu Mg Fe Si
1 35.06  57.60 2.00 4.43 0.91
2 36.87  56.99 0.83 3.15 2.16
3 48.89  38.82 0.21 7.71 4.37
4 50.14  38.46 0.79 6.59 4.02
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Fig. 5 XRD patterns of AM
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Fig. 6 TEM images of precipitated phase in AM: (a) BM;
(b) AM-top; (c) AM-bottom
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Table 4 Changes in size of precipitated phase in AM

Precipitated phase size/nm

Position
Rod Elliptical
116.7(d
N () ]
446.6(1)
AM-top - 81.3(d>)
AM-bottom - 128.6(d>)

Note: d, and / represent rod diameter and length; d, represents

long axis of elliptical
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Fig. 7 HRTEM images of precipitated phase in AM: (a) BM;
(b) AM-top; (c) AM-bottom
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Table 5 Lattice misfit of precipitated phase and matrix in AM

Position Lattice misfit 0 Coherent relationship
BM 0.04 Coherent
AM-top 0.12 Semi-coherent
AM-bottom 0.43 In-coherent
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Fig. 9 Schematic diagram of AM microstructure evolution
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Microstructure of 2024 aluminum alloy by
stationary shoulder friction stir additive manufacturing

FU Xu-rong"? XING Li', HUANG Chun-ping', LIU Fen-cheng', KE Li-ming'

(1. National Defense Key Disciplines Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China;
2. COMAC Shanghai Aircraft Manufacturing Co., Ltd., Shanghai 200436, China)

Abstract: The stationary shoulder friction stir additive manufacturing(FSAM) technology was used for additive
manufacturing of 2024 aluminum alloy, the microstructure of the additive material(AM) was observed by OM and SEM,
the content and morphological characteristics of the precipitated phase in the AM were analyzed by XRD and TEM.
Combined with the microhardness of the AM, the strengthening mechanism of the stationary shoulder FSAM on 2024
aluminum alloy was studied. The results show that the microstructure of AM is a re-crystallized fine equiaxed grain, the
grain size of the AM gradually decreases from the bottom to the top. The precipitated phase in the AM is re-dissolved, the
content is significantly reduced relative to the base material(BM). The content of the precipitated phase gradually
increases from the bottom to the top. The microhardness of the AM increases gradually from the bottom to the top, the
maximum hardness is 99HYV, still lower than that of the BM. This is because the precipitated phase in the AM is
re-dissolved by the FSAM, and the coherent strain of the precipitated phase and the matrix gradually disappears, resulting
in over-aging of the AM microstructure.

Key words: aluminum alloy; stationary shoulder FSAM; precipitated phase; microstructure characteristic
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