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Effects of trace elements on microstructure and
mechanical properties of high strength aluminum alloy welds

XU Liang-hong, TIAN Zhi-ling, PENG Yun, ZHANG Xiao-mu

(State Key Laboratory of Advanced Steel Processes and Products,
Centre Iron & Steel Research Institute, Beijing 100081, China)

Abstract: On the basis of ER2319 filler wire, three filler wires were prepared by adding Ce, Cr and Mn elements. The
effects of these trace elements on the microstructure and mechanical properties of MIG welds were investigated by
optical microscopy, scanning electron microscopy and energy dispersive spectrum. The results indicate that the addition
of Ce can refine the second dendrite arm spacing, but it is easy to form AlCuCeTiZrV complex intermetallic compound at
the grain boundary, which will reduce the refinement efficiency of the Ti and Zr inoculants, and make the morphology of
the welds microstructure to be columnar. Cr and Mn are proved to improve the refinement efficiency of the Ti and Zr
inoculants by increasing the precipitation of Al;Ti, Al;Zr and Al;(Zr, Ti) particles and the stability of these particles under
high temperature conditions, which will result in the finer grains and eutectic phase in weld centre and the higher
mechanical properties of the welds. When the amount of Mn is 0.58%(mass fraction), the coarse dendrite grains form in
the weld centre.

Key words: high strength aluminum alloy; trace elements; nucleation; equiaxed grain
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Table 1 Compositions of base metal and filler metals

Mass fraction/%
Material
Cu Mn Zr Ti V Ce Cr Al
ER2319base 5 ¢ 98 0.19 0.06 Bal.
metal
ER2319 6.2 028 0.14 0.16 0.1 - - Bal
Wire 7 6.2 028 0.14 0.16 0.1 03 - Bal
Wire 8 6.2 028 0.14 0.16 0.1 - 0.3 Bal
Wire 9 6.2 058 0.14 0.16 0.1 — - Bal

2, IEMM 318, 218, BT ZES500: Hi 200
A, HK 23V, SR 40 cm/min, X223 5.6
m/min. M5 7RG —TEEGE BEURE, 0B AR
Keller i71(0.5%HF+1.5%HCI+2.5%HN05+95.5%H,0)
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Fig.1 Microstructures of welds produced by different filler wires: (a) Wire 7; (b) Wire 8; (c) Wire 9; (d) ER2319
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Fig.2 Morphologies and EDS analysis results of AITiVCeCu phase: (a) AITiVCeCu; (b) AITiVZrCeCu
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Fig.3 SEM image (a) of Al;(CrFe) particles in weld produced by wire 8 and its EDS analysis results (b)
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Fig.4 SEM images of Al3Ti, Al3Zr and Aly(Ti, Zr) particles and EDS analysis results in weld produced by wire 8: (a)Al;Ti;

(DALZE; ()AL(TL, Zri-)
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(b)

B 5 AFMELEEELNALZIEN
Fig.5 Morphologies of weld joints with produced by different filler wires: (a) Wire 7; (b) Wire 8; (c) Wire 9; (d) ER2319
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Fig.6 Morphologies of eutectic phase in welds produced by different filler wires: (a) Wire 7; (b) Wire 8; (c) Wire 9; (d) ER2319
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Table 2 Mechanical properties of weld joints produced by

different filler wires

Wire  R,/MPa R, /MPa  6/% wl% Al
7 300 150 2.0 16.5 6
8 330 215 2.5 14.5 7
9 300 215 2.0 11.5 6
ER2319 280 170 3.5 7.5 7

BT DA Y, 4 T 2800 2 1 S b A T 11 40 A2
P R o 7 2 A5 ST D R s S
R, R X IE RS 8] K GUNAFAE . TR
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M TSR B ARSI K . 874 22 A5 Sk i 11 v
(s AR a1/, HAME A, BRI 3L Sk 5
WD LTI M SRS, BEE
it FIE R AL A, R R Sk B 1 R )
BRI AR LR 2, ] 7(c) th REIIF 921X — £,

B 7 ANFEIMR AR EERT TS0

Fig.7 Fractograph of tensile specimens with different filler wires: (a) Wire 7; (b) Wire 8; (¢) Wire 9; (d) ER2319
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