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Effect of ultrasonic inoculation treatment on solidification microstructure
of AS41 magnesium alloy

LE Qi-chi, ZHANG Zhi-giang, CUI Jian-zhong, LIU Hong-ming, GAO En-bao

(Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education,
Northeastern University, Shenyang 110004, China)

Abstract: Continuous power ultrasound was applied to inoculating the AS41 melt, and the effects of inoculating
conditions including ultrasonic power (intensity), treating time and treating temperature on the solidification
microstructures were investigated. According to the metallographical and macroscopical observation together with the
XRD pattern and the calculation of Mg,Si phase lattice constant, the results indicate that the continuous power ultrasonic
inoculation treatment can refine the grain size of AS41 magnesium alloy markedly, and the grain size with ultrasonic
treatment is only 30%—50% as that without ultrasonic treatment. The grain refinement is improved by enhancing
ultrasonic intensity, elevating treating temperature (melt temperature), or prolonging treating time. Its optimum condition
is that the ultrasonic field with intensity of 3040 W/cm? treats AS41 melt in the temperature range of 650—700 for
50—80 s. In addition, the ultrasonic treatment also leads to the refinement and spheroidization of Mg,Si and the change of
its lattice constant as well.
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Fig.1 Effects of ultrasonic power on solidification microstructures and average grain size of AS41 magnesium alloy at 650 : (a)

W ithout ultrasonic; (b) 100 W, 50 s; (c) 270 W, 50 s; (d) 570 W, 50 s; (e) 780 W, 50 s; (f) Average grain size
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Fig.2 Effect of treating time on solidification microstructures and average grain size of AS41 magnesium alloy at 650  : (a) 100
W, 15's; (b) 100 W, 50 s; (c) 100 W, 80 s; (d) Average grain size
Mg,Si 4(b)~(e) AS41 XRD 6
Mngl AS41 (X-Mg ﬁ-MgWAl 12
Mg281 Mg2$1 ﬁ-Mg”Al 12
Mg,Si o-Mg (101) (103)
AS41 Mg,Si (002)  (100)
o-Mg (101) (103)
AS41 Me.Si
1
Mg281 &
5 .
Mg,Si
(IOOW) [15] AS41
Mg,Si Mg,Si aw 1 1
100 W agp 0.635 078
nm 0.634 520 nm( 0.088%)
2.3 AS4l Mg.Si 210W  qq 0.634 328 nm(
0.118%) ao

6 Al-5.3Zn



5 AS41 817

400 + Il Without ultrasonic 3 AS41

] With ultrasonic

E. (570 W, 505) Fig.3  Effects of melt temperature on

g 300+

@ microstructures and average grain size of

=

k= AS41 magnesium alloy: (a) 650 ,

o200 ] ' '

2 without ultrasonic; (b) 700 , without

:::’ ultrasonic; (¢) 650 , with ultrasonic (570
100 - W, 50 s): (d) 700, with ultrasonic (570

W, 50 s); (e) Average grain size

0 '} 1 1 1
640 650 660 670 680 690 700 710
Treating temperature/C

4 650 Mg,Si

Fig.4 Effect of ultrasonic power on
| morphology of Mg,Si phase at 650
) : (a) Without ultrasonic; (b) 100
W, 50 s: (c) 270 W, 50 s: (d) 570
- W, 50s;(e) 780 W, 50 s




818 2010 5

Fig.5 Effect of treating time on morphology
of Mg,Si phase at 650  : (a) 100 W, 20 s; (b)
100 W, 50 s; (c) 100 W, 80 s

1 AS41 Mg,Si
Table 1 Lattice constanst of Mg,Si phase in solidification microstructure of AS41 magnesium alloy after different ultrasonic
treatments
Treating condition hkl 6/(°) a/nm % [% + %) ay/ nm
(220) 40.090 0.635 607 50 0.872 646 9
Without ulirasonic (111) 24.154 0.637 671 54 2.004 791 9
(422) 72.835 0.635 617 88 0.079 837 5 0.635 078
(311) 47.403 0.635 524 82 0.588 016 3
(220) 40.154 0.634 636 13 0.869 739 4
With ultrasonic (111) 24.303 0.633 790 46 1.988216 8
(650, 100 W, 50's) (422) 73.005 0.634 342 96 0.078 1913 0.634 520
(311) 47.505 0.634 239 09 0.619 677 8
(220) 40.209 0.633 803 90 0.867247 5
With ultrasonic (111) 24277 0.634 459 03 1.991 095 9 0,634 328
(650,270 W, 50s) (422) 72.947 0.634 777 20 0.078 750 8
(311) 47.520 0.634 050 49 0.584 146 3
(220) 40.076 0.635 820 41 0.873 284 1
With ultrasonic (111) 24244 0.635 309 68 1.994 758 2
(650,780 W, 50's) (422) 72.831 0.635 647 95 0.079 876 4 0.635 787
(311) 47.391 0.635 676 46 0.588 414 2

Al-1.2Cu 0.035%!!%
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