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Table 1 Parameters of aluminum and rare earth”

Element P iws) ;1 & y23 Y7
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 AH, Ref. Code No. ANH, A\ H;

AljLa;  -385  [15] 1 489  -37.2
AlLa;  -25.0  [15] 2 37 -26.1
AbLa 500 [17] 3

-514  [21] 4 64 -50.2
-542  [18] 5
AlLa  -46.0  [20] 6 66 —493
AlLa,  -50.5  [20] 7 -56 348
AlLa  —442  [20] 8 & a7
434 [20] 9
AlCe —46  [26] 10 68  -513
ALCe  -522  [18] 11
489  [21] 12 65 517
-50  [26] 13
AlCe 395 [21] 14
-55 437
27 [26] 15
Al 1Ces -39 [20] 16 48
—41 [26] 17

Al Prs  —43.6  [19] 18 479 374
AlPr - - - -552 431
AlPr, - - - 47 367

AlPr - - - 657 513
ALPr  -542  [16] 19 657 513
AlPrs - - 352 275
AINd;  -275  [24] 20 39 277
AINd,  -365  [24] 21 -51  -36.9
AINd -50  [24] 22 69  -51.5
ALNd  -53.6  [18] 23
64 514
-53  [24] 24
ALNd 45 [24] 25 -52  —43.1

Al Nd; 41 [24] 26 48 373

Al 1;Sm; - - 472 -373
AlSm, 38 [27] 27 -51 =375
AlLSm  —47.5  [27] 28 -52 432
ALSm 543  [18] 29

-55.0  [27] 30 64 517
-55  [19] 31
AlSm; - - 357 -28.2




© 2102 -

G E AR

%38 4%

*3 B-EHRTERELEVHERER
Table 3 Enthalpies of intermetallics in aluminum and heavy
rare earth (kJ/mol-atom)

Alloy AH, Ref. Code No. AH, AHj

Al;Gd -42.6

AlGd,  -347  [21] 32
9 [22] 3 -51 -37.2

AIGd -394 [24] 34
429  [18] 35 69 —51.6
AlLGd - - -29.0
AlLGds  -333  [18] 36 -60 —44
Al;Tb - - 543  —43.1
ALTb - - -65.1 =517
AlITb - - —-66.5  —52.8
Al,Tbs - - -56.8  —45.1
AlTb, - - —48.0  -38.1
AlTb; - - -36.1 287
Al;Dy - - -53.1 422
ALDy  -527  [18] 37 -64.1 =509
AlDy - - -65.6  —52.1
AlDy; - - -56.1  —44.6
AlDy, - - 476 378
AlDy; - - 358 284
AlsHo - - -52.8 422
ALHo =525  [18] 38 -62.6  —50.0
AlHo - - —65.5  —52.3
AlHos - - -56.2 449
AlHo, - - 476  -38.0
AlHos - - 357  -285
ALEr - - 533 428

ALEr =505  [18] 39
101 [24] 20 -64.5 518
AlEr - - -66.6  —53.5
Aler3 - - -57.3 -46.0
AlEr, - - -48.4  -389
AlEr; - - -36.5  —29.3
Al;Tm - - -51.7 418
AlLTm - - -62.8  -50.7
AlTm - - —65.1  -52.6
Alsz3 - - *561 4"53
AlTm, - - 475  -38.4
AlTm; - - 358 289
AlsLu - - 542 443
AlLu - - 658  —53.8
AlLu - - -68.7  —56.1
Alle,l3 - - *592 4"84
AlLu, - - -50.7 414
AlLu; - - 37.8 30.9
AlY> - - 475 382
AlY; -47 [25] 41 -52 -28.7

ALY  —40.5  [25] 42
-50.4  [23] 43 —64 -522

-50.5  [19] 44
AlY —44 [25] 45 -69 -53.0
ALYs  —40.0  [24] 46 -60 452

AlSc  —62.0  [28] 47
—41.1 [24] 48 68 —57.6
AlSc, 282  [28] 49 —54 —43.5

AlLSc 313 [28] 50
37 [22] 5 -59 -52.9

AlsSc  -59.8  [28] 52
—43.5 [29] 53 - —427

AleC3 - - -58.5 -50.7
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Table 4 Radius ratio of aluminum to rare earth

Element Ral/Rre
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;1RE; ALRE ALRE AIRE AIRE, AIRE;
La - -43.75 - -43.25 -50.3 -21.5
Ce -37.3 - -543 -46.5 - -
Nd -37.8 - -60.3 -49.1 -36.2 -26.5
Sc - -41.3 -48.1 -47.0 -37.0 -
4 % g
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Calculations of Formation Enthalpies of AlI-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
AI-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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