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Miedema model calculation of parameter ¢~ for
aluminum alloys with rare earth elements
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(School of Materials Science and Engineering, Beijing University of Technology, Beijing 100022, China)

Abstract: The difference of the electron chemical potential energy between the atom cells in the calculated aluminum
alloys was considered to have a negative effect on the formation energy of the alloy system. The function of parameter ¢~
to the thermodynamic calculation was assessed and a new formula about the parameter ¢” for rare earth elements were
established. The results show that the calculated value through the proposal parameter ¢ is near to the system work

function, and the maximum relative error is within 12.0% while the average relative error is less than 5.0%. The

calculated mixing enthalpy values of the alloys are much closer to the published experimental results.
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Table 1 Ton radius of rare earth elements with different
coordination numbers!'® " (pm) ( . 2x~V2 3 2x .V2 /3 ©
Coordinati b (X5 Ny ) = - -
Element oordination number i hws n 1/3) +(n 1/3) 1
6 8 12
La 103.2 116.0 136.0 2/3
. |/ )
Ce 102.0 114.3 134.0 i xiVi2/3 +ijj2/3
Pr 99.0 112.6 -
Nd 98.3 110.9 127.0 2/3
97.0 109.3 P — ®)
Pm 7. . J xiVi2/3+ijJ'2/3
Sm 95.8 107.9 124.0
E 117.0 125.0 135.0 i % *
! v =Vl 1 uf (o) -0) ©)
Gd 93.8 105.3 -
Tb 92.3 104.0 - i * *
ij/3 V2/3 [1+qui./ (0~ 9, )J (10)
Dy 91.2 102.7 -
Ho 90.1 101.5 112.0 NIESSEN 2PN 28 i & 17 I rp 2256 25 50 (1 U
Er 89.0 100.4 - A, by hESAPE, BUEN 0~8; py gv .
Tm 88.0 99.4 105.0 us a HONAER AL, KW SHIERN, —REE ST
Yb 86.8 98.5 104.0 HAMEA R Ao A . KR
Lu - 86.1 91.1 W S SOV T B B - 8 A 4 A B A 5 2 B0 LA
Se - 743 87.0 I o s SU it o SULE (o 2 e el L = 1
Y 90.0 101.9 108.0

F2 MlouRmE AR

Table 2 Relationship among electron and ion configuration of rare elements, Miedema model parameter ¢" and work functions

ZHL o MR B Z IR (5 R

/LD (=] SEE}/]J:E\Z#“

*

Atomic Electron- . *[8] 1) *[21-22] Work-

number Element configuration lon-configuration ¢ (Formula (3)) function® 4!
57 La [Xe]5d'6s? [Xe] 29515 3.108 0 3.17 3.40
58 Ce [Xel4f!5d'6s> 4f! 3.1632 28171 3.18 2.80
59 Pr [Xel4f’6s 4f 3.064 8 2.780 6 3.19 2.70
60 Nd [Xel4f'6s? 4f 3.190 0 2.840 1 3.19 3.10
61 Pm [Xel4f'6s’ 4f* 29514 2.8370 3.19 3.00
62 Sm [Xel4f®6s® 4f 2.733 0 2.942 8 3.20 2.95
63 Eu [Xel4f 6s 4f° 2.5422 25136 3.20 2.50
64 Gd [Xel4f'5d'6s> af’ 2.968 2 2.988 8 3.20 3.10
65 Tb [Xel4f6s’ 4 3.2300 3.0350 321 3.00
66 Dy [Xe]4f'%6s? 4f 3.010 6 3.063 0 321 3.09
67 Ho [Xel4f!l6s? 4£10 3.0225 3.0105 3.22 3.09
68 Er [Xel4f'%6s? 4! 3.038 7 3.163 7 3.22 3.12
69 Tm [Xe]4f!36s!? 4f'2 3.055 1 3.067 5 3.22 3.12
70 Yb [Xe]4f'*6s’ 41 2.736 0 2.8870 322 2.59
71 Lu [Xe]4f'*5d' 65> 4f! 3.073 9 3.118 0 3.22 3.14
21 Sc [Ar]3d'4s? [Ar] 3.2365 3.500 0 3.25 3.50
39 Y [Kr]4d'5s? [Kr] 29758 3.100 0 3.20 3.10
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Fig.1 Relative errors between work function and parameter

¢ value from Ref.[8](a), Refs.[21-22](b) and this work(c)
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