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Theoretical analysis and experimental research of degassing of
AZ91 magnesium alloy by spinning spraying degassing
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Abstract: A theoretical model was established for the degassing of magnesium alloy by a spinning spray based on the
analysis of the mass transformation of hydrogen at the surfaces of Ar gas bubbles and the interface between the melt and
air. The effect of the process parameters, such as the rotation speed on the degassing efficiency was calculated and
analyzed. The results show that the total surface area of the gas bubbles increases with increasing rotation speed of
spinning, i.e. the total surface area increase from 1.49X 102 m’ to 3.44 X 10> m* with increasing rotation speed from 230
r/min to 330 r/min. As a result, the diffusion content of hydrogen increases with rotation speed increasing, and the
degassing efficiency increases. Verification experiment was conducted by measuring the density of the samples solidified
under a reduced pressure. The theoretical predication is in good agreement with the experimental results, suggesting that
the model could be used for the optimization of degassing processes of magnesium alloy.
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Table 1  Experimental parameters of rotating impeller 1
degassing Fig.1 Schematic diagram of rotary degassing process
Degassing Melt Crucible Gas flow/ p(Mg)/ Mass/
temperature/ . 3 - 3
depth/m radius/m (m™s ) (kgm~) kg
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Table 2 Mass transfer coefficient at melt/air interfacial and
concentration of hydrogen in experiment
Rotation speed/ a5y 1 1
(rmin”) cY(10°L-g ) Kg/(m's )
230 8.09 1.73%<107°
280 7.25 3.33<10°°
330 9.06 430107
1 1 22 A
c =(———Jx 100% 4) b o)
Pt Pwm
Py t
glem®  p,  AZ91 1.81 g/em’ (10-12] 730
Ar 6.7x10~* m/st®
2

Hydrogen contentration/(107° L-g™")
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Fig.2 Hydrogen content in melt vs degassing time at 280

r/min (without Ar)
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Table 3 Diameter of air bubble at different rotation speeds

Rotation speed/ Rotation power/ Diameter of gas bubble/

(rmin ") W m
230 12.65 0.008 22
280 22.83 0.006 49
330 35.94 0.005 41
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Table 4 Total surface area of air bubble in magnesium alloy
melt
Rotati
otation speed/ ) ts Ay/m?
(r'min ")
230 0.179 1.228 1.49%<1072
280 0.142 1.549 2.40><107
330 0.118 1.864 3.44%<107
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Table 5 Values of K, K, and ¢©
Rotation speed/ 31 31 P
(rmin”") Ki/(m™s ) Ky/(m™s )  c*/(uL-g )
230 6.42>107  1.00><107 4.88
280 741107 1.61<107 3.19
330 1.59<10° 231107 5.83
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Table 6 Density of magnesium alloy samples degassed at

different rotation speeds

Degassing rotation/ Density/(g-cm )
(rmin™") 0s 900s 1800s 2700s 3600s
230 152 170 178 179 179
280 165 176 180 180  1.80
330 145 174 179 179 179
7

Table 7 Concentration of hydrogen in melt after degassed at

different rotation speeds

. e
Degassing rotation/ Concentration/(10 ~ L-g )

. o 71
(rmin ") 0s 900s 1800s2700s 3600s
230 1054 357 093 062 0.62
280 541 162 031 031 031

330 13.72 222 0.62 0.62 0.62
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Fig.3  Comparison of theoretic predication of degassing

efficiency and measured results: (a) 230 r/min; (b) 280 r/min;

(c) 330 r/min
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