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Calculation of surface tension of Al-Mg-Er ternary alloy based on
Butler’s equation

SUN Shun-ping, YI Dan-qing, ZANG Bing

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Based on Butler’s equation, the surface tensions of Al-Mg, Mg-Er and Al-Er binary alloys were calculated in
combination with thermodynamic data and excess Gibbs energies parameters calculated by CALPHAD technology. The
results show that the surface tension of Mg melts increases with the additions of Al and Er. Calculating the excess surface
tensions of Al-Mg, Mg-Er and Al-Er binary alloys, the excess surface tensions and excess Gibbs energies have an
opposite deviation compared with ideal solution. Choosing Er as the asymmetric component in asymmetric model and
combining with Toop model, the surface tension of Al-Mg-Er ternary alloy were calculated. The results indicate that the
surface tension of Al-Mg-Er ternary alloy is approximately in the range of 0.356—0.783 N/m, and the surface tension
increases with increasing the addition of Er element.
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Table 1 Excess Gibbs energies of Al-Mg, Mg-Er and Al-Er
binary alloys at 1 773 K

System G"/(J-mol ™" Source
x1x(—12 000+8.566 T+
Al-Mg . Ref[13]
(1 894-3T)(x,—x,)+2 000(x —x2)?)

xx3(—40 308.8+15.794 67—

Mg-Er Ref.[14]
(38 228-20.023 5T)( x,—x3))
x3x1(—176 486+55.685 27—

Er-Al (36 685.5+23.449 2T)(xs—x))+  Ref[15]

(34349.1-8.23519T)(xs—x1))

21 Al-Mg Mg-Er Al-Er
1 Al-Mg Mg-Er Al-Er
1773 K 3
1
Al-Er

2010 5
2
Table 2 Data of surface tension, density and atomic mass of
pure metal
Pure metal o/(N'm™") pil(kgm™)  My/(kgmol™")
Al 0.740 8" 2702 0.026 981 5
Mg 0.356" 1738 0.024 305
Er 0.640 6" 9 050 0.167 26
1) From Ref.[1]
1(b)
Al-Mg
1(d)
Mg-Er
X1A0 U
Ni-(Cr, Co, W)
22 Al-Mg Mg-Er Al-Er
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Al-Mg Mg-Er Al-Er
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Fig.1 Calculated surface tensions of Al-Mg, Mg-Er and Al-Er binary alloys and relationship between compositions in surface and
in bulk phases at 1 773 K: (a), (b) Al-Mg; (c), (d) Mg-Er; (e), (f) Al-Er
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2.3 Al-Mg-Er
Al-Er
Al-Er 3
Al-Er
3 Al-Mg-Er
Al-Er Table 3  Cross sections in Al-Mg-Er system investigated
Cross section  x(Al):x(Mg)  x(Er):x(Mg)  x(Er):x(Al)
Al-Er
A 1:9 1:9 1:9
xX(Al) 0.65 B 3.7 3.7 3.7
C 5:5 5:5 5:5
D 7:3 7:3 7:3
> E 9:1 9:1 9:1
= —
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Fig.2 Excess Gibbs energies of Al-Mg, Mg-Er and Al-Er ( 4(b))
binary boundary alloys at 1 773 K(x=x(Al), x(Mg)) ( 4(c))
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Fig.3 Excess surface tensions of Al-Mg, Mg-Er and Al-Er
binary boundary alloys at 1 773 K(x=x(Al), x(Mg))
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