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Abstract: Grain refinement can enhance the strength and ductility of Al;Mg alloys by reducing the number of casting
defects and grain size. The effects of the addition of trace amounts of Ti on the microstructure and grain refinement
mechanism of the Al-5Mg alloy were studied. The results show that the addition of the trace element Ti can refine the
microstructure of the Al-5Mg alloy. Compared with that of the alloy without Ti, the grain size of the Al-5Mg alloy
with 0.1 wt. % Ti decreases from 143.4 pm to 42.7 wm. The main reason for Ti refining grains is that Ti and Zr atoms
combine with Al atoms to form Aly(Ti, Zr), AL;Ti, and Al;Zr particles, which provide heterogeneous nucleation sites for Al
atoms, promoting the formation of microstructures with uniform and fine equiaxed grains. When the Ti content is 0.2 wt. %, the
grain size of the alloy increases to 64.6 wm, and the agglomeration and coarsening of the Al;Ti, ALZr, and Al; (Ti, Zr)
particles lead to a reduction in the number of heterogeneous nucleation sites and the effectiveness of the grain refinement of
the Ti in the Al-5Mg alloy. The grain refinement effect improves as the size of the dispersed Al;M phases in the alloy
decreases and their quantity increases.
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Fig.2 Microstructure and elemental map analysis of Al-5Mg alloys with different Ti contents: (a, b) 0 wt. %Ti; (c, d) 0.03 wt. %Ti
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Tab.2 EDS point results for the corresponding positions in the Al-5Mg alloys with different Ti contents

(atomic fraction/%)

Position Mg Mn Fe Cr Si Zr Ti Al
1 0.32 8.92 7.34 0.33 0.64 - - Bal.
2 0.42 9.81 6.54 042 0.53 - - Bal.
3 0.12 0.23 0.09 0.09 0.00 8.28 10 Bal.
4 0.33 8.76 2.34 0.05 0.02 0.03 1.75 Bal.
5 0.31 0.26 0.05 0.05 0.00 8.38 9.91 Bal.
6 0.31 0.54 0.03 0.68 0.12 - 21 Bal.
7 0.32 7.24 2.06 0.06 0.00 0.06 3.96 Bal.
8 10.42 0.96 0.00 0.08 0.03 0.05 5.95 Bal.
Al-Mg , ( 5. , Al(Ti,
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s Volume fraction/% 1.69 3.40 0.62 0.47
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Fig.3 Microstructure and different element map analyses of the Al-5Mg alloy with different Ti contents: (a, b) 0.1 wt. %Ti;
(c,d) 0.2 wt. %Ti
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Fig.5 Grain size of the Al-5Mg alloys with different Ti contents
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Fig.4 Grain morphology and grain size distributions of the Al-5Mg alloys with different Ti contents: (a, e) 0 wt. % Ti;
(b, 1) 0.03 wt. %Ti; (c, g) 0.1 wt. %Ti; (d, h) 0.2 wt. %Ti
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Fig.6 Grain morphology and EDS analysis of the 0.1 wt. % Ti alloy: (a, d, g) microstructure; (b~e, f, h1~i) EDS analysis
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. 4 A1LM
0.03%Ti N Tab.4 Crystal structure and lattice constant of Al;M
0.03%Ti 0%Ti Crystal structure Lattice constant/nm
Aly(Fe, Mn) Al Face-centered cubic a=0.405
R ALTi Cubic a=0.387 5; ¢=3.387
7b Ti 0.1% AlZr Cubic a=0.401 3; ¢=1.732
’ A13T1 o
AlZr , Ti Zr ALM Tc ,02%Ti 0.1%Ti
ALZr, Ti) . 4 , AlLM
AlLM 5 ,ALM , ,
Al , ) ° [21],
, ALM a-Al 0.12%~0.15%Ti ALTi 665 C
: B, Al : n . 0.2%
ALM , a-Al a-Al ,
, , ALTi Al
AlM o
7 Ti Al-5Mg :(al~a3) 0%Ti/0.03%Ti; (b1~b3) 0.1%Ti; (c1~c3) 0.2%Ti

Fig.7 Schematic diagram of the solidification process of Al-5SMg alloys with different Ti contents: (al~a3) 0 wt. %Ti/0.03 wt. %Ti;
(b1~b3) 0.1 wt. %Ti; (c1~c3) 0.2 wt. %Ti
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Tab.5 The size and volume fraction of Al;M in
Al-5Mg alloys with different Ti contents

Alloy

Size of ALM  Volume fraction of Number of AlsM

/pm ALM/% /(x10? Pcs+-cm?)
0 wt. %Ti - - -
0.03 wt. %Ti - - -
0.1 wt. %Ti 2.78 0.09 10
0.2 wt. %Ti 4.18 0.25 7
3
(DHTi Al-5Mg
) o Ti
0.1% Ti 143.4 pm
427 pm; Ti 02% |
64.6 pm, Ti )
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