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Table 1  Parameters of aluminum and rare earth

[12]

Element n

(ws)i

-1/3

� V

2/3

µ

Al 1.39 4.20 4.60 0.07

Sc 1.27 3.25 6.1 0.07

Y 1.21 3.20 7.3 0.07

La 1.09 3.05 8.0 0.07

Ce 1.19 3.18 7.77 0.07

Pr 1.20 3.19 7.56 0.07

Nd 1.20 3.19 7.51 0.07

Pm 1.21 3.19 7.43 0.07

Sm 1.21 3.20 7.37 0.07

Eu 2.50 0.88 9.43 0.04

Gd 1.21 3.20 7.34 0.07

Tb 1.22 3.21 7.20 0.07

Dy 1.22 3.21 7.12 0.07

Ho 1.22 3.22 7.06 0.07

Er 1.23 3.22 6.98 0.07

Tm 1.23 3.22 6.90 0.07

Yb 0.92 2.58 8.52 0.04

Lu 1.24 3.22 6.81 0.07
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Table 2  Enthalpies of intermetallics in aluminum and light

rare earth (kJ/mol·atom)

Alloy �H

1

Ref. Code No. �H

2

�H

3

Al

11

La

3

–38.5 [15] 1 –48.9 –37.2

AlLa

3

–25.0 [15] 2 –37 –26.1

Al

2

La –50.0

–51.4

–54.2

[17]

[21] 

[18]

3

4

5

–64 –50.2

AlLa –46.0 [20] 6 –66 –49.3

AlLa

2

–50.5 [20] 7 –56 –34.8

Al

3

La –44.2

–43.4

[20]

[20]

8

9

–52 –42.7

AlCe –46 [26] 10 –68 –51.3

Al

2

Ce –52.2

–48.9

–50

[18]

[21]

[26]

11

12

13

–65 –51.7

Al

3

Ce –39.5

–27

[21]

[26]

14

15

–55 –43.7

Al 

11

Ce

3

–39

–41

[20]

[26]

16

17

–48

–38.0

Al

11

Pr

3

–43.6 [19] 18 –47.9 –37.4

Al

3

Pr – – – –55.2 –43.1

AlPr

2

– – – –47 –36.7

AlPr – – – –65.7 –51.3

Al

2

Pr –54.2 [16] 19 –65.7 –51.3

AlPr

3

– – –35.2 –27.5

AlNd

3

–27.5 [24] 20 –39 –27.7

AlNd

2

–36.5 [24] 21 –51 –36.9

AlNd –50 [24] 22 –69 –51.5

Al

2

Nd –53.6

–53

[18]

[24]

23

24

–64 –51.4

Al

3

Nd –45 [24] 25 –52 –43.1

Al 

11

Nd

3

–41 [24] 26 –48 –37.3

Al 

11

Sm

3

– – –47.2 –37.3

AlSm

2

–38 [27] 27 –51 –37.5

Al

3

Sm –47.5 [27] 28 –52 –43.2

Al

2

Sm –54.3

–55.0

–55

[18]

[27]

[19]

29

30

31

–64 –51.7

AlSm

3

– – –35.7 –28.2
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Table 3  Enthalpies of intermetallics in aluminum and heavy

rare earth (kJ/mol·atom)

Alloy �H

1

Ref. Code No. �H

2

�H

3

Al

3

Gd –42.6

AlGd

2

–34.7

–29

[21]

[22]

32

33

–51 –37.2

AlGd –39.4

–42.9

[24]

[18]

34

35

–69 –51.6

Al

2

Gd – – –29.0

Al

2

Gd

3

–33.3 [18] 36 –60 –44

Al

3

Tb – – –54.3 –43.1

Al

2

Tb – – –65.1 –51.7

AlTb – – –66.5 –52.8

Al

2

Tb

3

– – –56.8 –45.1

AlTb

2

– – –48.0 –38.1

AlTb

3

– – –36.1 –28.7

Al

3

Dy – – –53.1 –42.2

Al

2

Dy –52.7 [18] 37 –64.1 –50.9

AlDy – – –65.6 –52.1

Al

2

Dy

3

– – –56.1 –44.6

AlDy

2

– – –47.6 –37.8

AlDy

3

– – –35.8 –28.4

Al

3

Ho – – –52.8 –42.2

Al

2

Ho –52.5 [18] 38 –62.6 –50.0

AlHo – – –65.5 –52.3

Al

2

Ho

3

– – –56.2 –44.9

AlHo

2

– – –47.6 –38.0

AlHo

3

– – –35.7 –28.5

Al

3

Er – – –53.3 –42.8

Al

2

Er –50.5

–49.1

[18]

[24]

39

40

–64.5 –51.8

AlEr – – –66.6 –53.5

Al

2

Er

3

– – –57.3 –46.0

AlEr

2

– – –48.4 –38.9

AlEr

3

– – –36.5 –29.3

Al

3

Tm – – –51.7 –41.8

Al

2

Tm – – –62.8 –50.7

AlTm – – –65.1 –52.6

Al

2

Tm

3

– – –56.1 –45.3

AlTm

2

– – –47.5 –38.4

AlTm

3

– – –35.8 –28.9

Al

3

Lu – – –54.2 –44.3

Al

2

Lu – – –65.8 –53.8

AlLu – – –68.7 –56.1

Al

2

Lu

3

– – –59.2 –48.4

AlLu

2

– – –50.7 –41.4

AlLu

3

– – 37.8 30.9

AlY

2

– – –47.5 –38.2

AlY

3

–47 [25] 41 –52 –28.7

Al

2

Y –40.5

–50.4

–50.5

[25]

[23]

[19]

42

43

44

–64 –52.2

AlY –44 [25] 45 –69 –53.0

Al

2

Y

3

–40.0 [24] 46 –60 –45.2

AlSc –62.0

–41.1

[28]

[24]

47

48

–68 –57.6

AlSc

2

–28.2 [28] 49 –54 –43.5

Al

2

Sc –31.3

–37

[28]

[22]

50

51

–59 –52.9

Al

3

Sc –59.8

–43.5

[28]

[29]

52
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–49 –42.7

Al

2

Sc

3

– – –58.5 –50.7

[®¯�¡¢���H

2

�� MiedmapqÕ¹1¿J

o8�®¯��H

3

�pq±²í�Jo@Â¿�ð

Ó 2.Ó 3�mn�Î���8��Õ¹1¿Jo�@

Â����¡¢@ÂF0Ì�âJo�1�3£�Y

Z6�[®¯�Jo�.��¡¢�2�3ù¹!

4ä2�5¹Jo�6¡¢�¿/¡¢�¿�Ö Al

2

Gd

3

. AlSc

2

�®¯�2�Ui�� 80%. 90%�2�

ùz 30%�3 187�8�Ó�µ3mn� 1/3ôÇ�

Ó�mnãÊ�92�¹5µ32�G./mn7m¿

Ý 36%�

ßÍéê���	6�[�qr
QR³m�w

Fe���' Miedemapq�´
3åæ�éê�ñ

7��Z?�X:�e��e!';Uåæ@A�	

eÍ�kl��±²pqw<JoÓ 2 ��µÚ?

í�¾Ò"=�ßÍéê :;ßÍéê��� R

Al

/ 

R

RE

#Jo@Â0ÝÀÁ�Joµ>n� Miedema p

qÖ×Ø

Al

re

RE

R

H H

R

∆ = ×∆

¹10¿

Õ�� ∆H

re

ÓÛ±²í�®¯�R

Al

. R

RE

UiÓ

Û�.:;�ßÍéê(Ó 4)� ∆H ��ðÕ¹1¿J

o?8��nÕ¹10¿w<Jo�-:;�®¯í�

Jo@ÂÚ'Ó 2 .Ó 3�Ó 2 .Ó 3 �mn��

���8��pq@A�Ô�±=í�Jo�.¡¢

�0BC���ßB�Db MiedemapqJo�@Â

0ýë���¡¢����±²í�Jo@Â ��

¡¢mn1�Jo� ��¡¢��Î2�Æù��

Al

2

Sc� 69%¹?�−31.3�Jo@Â¿�2�ùz 30%

�E3 67�YZ6�[��92�üÝ 5%�Jo�

.��¡¢����'F 1 �ÓÒ8B�±²pqí

Jo� ��¡¢mn0C��!èP�8�F 1 �

��'���G:;��H�±²pqí�Jo@Â

� ����-������ 

Table 4  Radius ratio of aluminum to rare earth

Element R

Al

/R

RE

La 0.7606

Ce 0.7857

Pr 0.7814

Nd 0.7857

Pm 0.7857

Sm 0.7901

Gd 0.7901

Tb 0.7944

Dy 0.7944

Ho 0.7989

Er 0.8034

Tm 0.8079

Lu 0.8171

Sc 0.8667

Y 0.8034
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Fig.1  Enthalpy comparison for intermetallics in aluminum and rare-earth from pre-modified Miedema, modified Miedema

and experiment results (the small circles and numerals mean code No. of the experiment data in Table.2 and Table.3

from Reference): (a) Al-La, Ce, Pr, (b) Al-Nd, Pm, Sm, (c) Al-Gd, Tb, Dy, and (d) Al-Ho, Er, Y, Sc
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Table 5  Calculated enthalpies of intermetallics in aluminum

and rare earth by MTDATA

Al

11

RE

3

Al

3

RE Al

2

RE AlRE AlRE

2

AlRE

3

La – –43.75 – –43.25 –50.3 –21.5

Ce –37.3 – –54.3 –46.5 – –

Nd –37.8 – –60.3 –49.1 –36.2 –26.5

Sc – –41.3 –48.1 –47.0 –37.0 –
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Calculations of Formation Enthalpies of Al-RE Intermetallics

Wang Wei, Tang Zhenlei, Zhan Chunyao, Nie Zuoren

(Beijing University of Technology, Beijing 100022, China)

Abstract: The error distribution between Miedema-calculated values and reference-reported values for formation enthalpies of binary 

Al-RE intermetallics was analyzed and it is known that the calculated results are commonly negative compared with those in references. 

Therefore, an important influencing factor, radius ratio of RE atom to aluminum atom should be considered to modify the thermodynamic 

calculation model in the study. The calculation results of the modified model are more closed to the reported experiment results and the 

error was found to be reduced from 33.6% to 5%. The enthalpies of some common intermetallics of aluminum and rare earth were also 

checked by MTDATA for comparison. All that proved the modified calculating model are much more accurate and reliable. The common 

formation enthalpies of intermetallics of aluminum and rare earth as well as Al-Er, Al-Tb, Al-Gd, which are studied less, are calculated by 

the modified Miedema model. 

Key words: thermodynamic calculation; formation enthalpy; intermetallics of aluminum and rare earth; Miedema model; MTDATA
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