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Détermination des entropies de configuration des
solutions solides et liquides polyconstituées :
Application au calcul de diagrammes de phases.
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skl M A pall 4y ) il A8, plal) s o 4y ) sl gl dae 56 1TV Jgaad)
T=-0.85A¢,/K, 4 Al/L1 /L1, Jsb¥ G Sodl aull (2 AL+ L1,

N g st cllead) sae a n n
= - (J/mol) Xi a1 Xi,L1,
0 92.084100413085 0.492139385833 0.496907433314
1 43.515945792780 0.455902172340 0.475573412981
5 8.593144375423 0.437007351905 0.453607997515
10 2.291662872317 0.432791914645 0.446997453584
15 0.740661559961 0.431627452019 0.445010263186
30 0.031339378307 0.431069268973 0.444026522884
50 0.000490184909 0.431044569529 0.443982477111
100 0.000000014981 0.431044176773 0.443981776356
120 0.000000000130 0.431044176761 0.443981776334
AE .
Jsaall 8 mnge 8 LS T =—0.7K—” ve A1+ L1, goshll asll (ads 40 ddasil)

B
S b A el ¢ 91 AL g Al 3) Al o)) o il (S S LIV
gl b 4,8 dde 200 xS «195.694116699618 j/mol &

1.01x10710 j/mol

G X py o Sl Glhaall Undll ()5S0 45) S5 dlee 60 223 43l Jsaall JBA (e Jaadls
Blaall 0 AT 8 50 (ix 138 5 <0.000018957888 55k X; | s* 5 <0.000008816009

oo JS AT (CIM) 4l 4y ) sl 46y Hlal) (385 4, ) sl
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T=-0.7A¢/K, ¥ Al/L1 /L1, Nsb¥ O JSodl s ¥ (& AL+ LI,

N g sl clileal) das NG n n
i i (J/mol) Xi a1 Xi,le

0 195.694116699618 0.221474755135 0.247599019085

1 175.650224358541  0.214590926894  0.246175935698

10 44.631613496305 0.182243162775 0.229615759904

20 9.520966887001 0.174142324567 0.218924945376

30 2.254694570030 0.172342024979  0.215559898657

40 0.554133003235 0.171908701403 0.214661580696

60 0.034240916815 0.171775131767  0.214376504116

100 0.000131827626 0.171766349704 0.214357619260

150 0.000000126463 0.171766315790 0.214357546298

200 0.000000000101 0.171766315758  0.214357546228
AE.
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B

S S a5 Blee 180 220 &y =1.74x10710 j/mol e dasi Gua 3OV

.N=0 2= 171 j/mol ¢»

G Xy, b Sial Gl Ul S 1 4 5) S5 Ak 40 25 4dld Jsoadl JA e
Aeadl oy AT 2SB 13 5 €0.00005132805 ssbs X 5 <0.000089095798

oo JS o lEE (CIM) 4 all 4y ) sl 46y Hhal) (385 4, ) sl

-95-



Al AadaBU ) ka1 )Y Al s g 1) e (Gadas &l Jaadl

ookl aall A8 pal) 4y ) il A8y lal) S e 4y ) sil) cllaad) da A6 3TV el
T =-0.75A&;/Ky L& Al/LI, /L1, )83 Q5 Al au ¥ 2 L1, + LI,

N o) sl aldanl) ae u, —E2, n n
i - (J/mol) XiL1, XiL,

0 171.764440609105 0.471338487266 0.492260565307

1 68.715428480267 0.433953513885 0.464632137267
5 14.979970262276 0.412115290136 0.432323179276
10 5.122710144656 0.406054831013 0.421851604322
20 1.016619453650 0.402901947447 0.416353016216
40 0.058183219516 0.402078386126 0.414921342012
70 0.000867507485 0.402027829712 0.414833576541
150 0.000000011772 0.402027063331 0.414832246232
180 0.000000000174 0.402027063321 0.414832246214
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skl M A jall 4y ) il A8y plal) S o 4y ) sl clgland) dae 56 4TV Jgaal)
T=-0.6(4A¢,/K,) ¥ A2/B2 Jsb¥) 05V o) a2 A2+ B2

n

/ui,’IrI] _lui,,ln Xi,AZ Xi,BZ
N eyl sill clland) 2ae (J/mol)
1 1352.367794028888 0.404444533766 0.450000000000
2 466.819255774000 0.362882350739 0.404444533766
3 133.470130887448 0.334135807359 0.362882350739
4 34.277873622530 0.317169274466 0.334135807359
5 8.173810755015 0.308142396114 0.317169274466
6 1.862990563529 0.303634383396 0.308142396114
7 0.414355001103 0.301460194154 0.303634383396
8 0.091030781053 0.300430060057 0.301460194154
9 0.019880033471 0.299946189824 0.300430060057
10 0.004329308723 0.299719843934  0.299946189824
11 0.000941549360 0.299614168811  0.299719843934
12 0.000204643281 0.299564876651 0.299614168811
13 0.000044465708 0.299541894092  0.299564876651
14 0.000009660296 0.299531180556  0.299541894092
15 0.000002098489 0.299526186802 0.299531180556
16 0.000000455764 0.299523859231  0.299526186802
17 0.000000098909 0.299522774379  0.299523859231
18 0.000000021338 0.299522268746  0.299522774379
19 0.000000004543 0.299522033090 0.299522268755
20 0.000000000904 0.299521923251  0.299522033090
21 0.000000000134 0.299521872056 0.299521923251
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T, Pl Ll 4 )3l dpnll aasy 4y ) shall CVEEOT da jall 3 ) all A o Clus 45y 5k jLady

X =052 B2——> A2 5 LI, —— Al oaoshll pdansd
Gl aie 8 ) 4 ) Sl dg ) ol e 41 S clilaall 220 5480y 5TV Jsaal
DsRY G Gl sl B Ll ———> Al skl JEdl T, daoall 5l all da

~TL, (K /Agy)=0.6 85y dedll Cum X = 0.5 e AI/LL /LI,

Aad Gl die 48 pall 4y )il A8y phal) S e 4y ) sl cllaad) a3e 86 5TV Jgaad)
S OGNl awl B LI —— Al skl JEBU T daall Byl
X =0.5 8 AI/LI, /L1,

N edg ) Sl cllead) das —Tl_n10 (Kp/Agy) ~Ta(Kg /Ag;;)
1 0.60000000000000 0.60385250306581
20 0.66975974967966 0.67319603352257
50 0.76031891169146 0.76287434540427

100 0.85515381573805 0.85646268520996
200 0.92446335696568 0.92476854276289
300 0.94097291111664 0.94104886552520
400 0.94516332900999 0.94518305100241
500 0.94625869734121 0.94626388923897
600 0.94654760451624 0.94654897657797
800 0.94664420373732 0.94664429978489
1100 0.94665134194818 0.94665134372830
1500 0.94665147608503 0.94665147609376
1900 0.94665147674297 0.94665147674301

i Ll ——> Al okl JESU s sl sjall day o sl cae
w =gl (Kp/Agy) <1078 e TP A K/ Agy) ~ 0.94665147674301
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Résumé :

La méthode variationnelle des amas (MVA) a été largement utilisée dans les calculs des diagrammes de phases
sur la base de I’entropie de configuration, cela est dii aux bons résultats quelle a donné dans ce domaine. Cette
méthode se base, durant les calculs, sur la méthode d’itération naturelle (MIN) pour résoudre les équations de

minimisation du grand potentiel 2 par rapport aux probabilités des amas maximum Wijkl ... , comme elle
s’appuie aussi, dans certaines recherches, sur I’équation de Clapeyron-Clausius dans le cas de calcul les
transitions de phases du premier ordre et sur la matrice de Hessian dans le cas de calcul les transitions de
phases du deuxiéme ordre. Dans les deux cas, il faut modifier le potentiel chimique actif avec une valeur A,ui* a
chaque étape d’itération, ce qui rend la méthode trés longue et perd relativement de sa précision.

Dans notre travail, nous avons proposé la méthode d’itération complexe (MIC) pour le calcul des diagrammes de
phases dans le cas général, puis nous avons appliqué la MVA comme cas particulier apres le développement de la

méthode d’itération naturelle que nous avons appelé la méthode d’itération naturelle par congruence (MIN-C).
Dans cette proposition nous n’aurions pas besoin ni a ’équation de Clapeyron-Clausius ni a la matrice de

Hessian et ni aussi a I’idée de modifier le potentiel chimique actif avec une valeur A,ui* ; et avec cette proposition

et ce développement, nous avons apporté une amélioration trés significative dans les calculs des diagrammes de
phases en utilisant la MVA qui est traduite par la facilité de I’application de cette méthode et de sa haute
précision.

Abstract :

The cluster variation method (CVM) has been widely employed in phase diagram calculations which are based on
the configurational entropy. Its reputation is due to the excellent results which it gave. This method is based,
during calculations, on the natural iteration method (NIM) to solve the minimisation equations for the grand

potential (2 with respect to the maximum cluster probabilities Wijkl ..., it is also based in some researches on

the Clapeyron-Clausius equation in the case of first-order phase transition calculations and on the Hessian matrix
in the case of second-order phase transition calculations. In both cases, it is necessary to change the effective

chemical potential with a A,ui* value for each iteration step, which makes this method very lengthy and relatively

less accurate.

In this work we propose the complex iteration method (CIM) for phase diagram calculations in the general case,
and apply the CVM as a special case after the development on the natural iteration method which we call the
natural iteration method by congruence (NIM-C). It requires neither the Clapeyron-Clausius equation nor the

Hessian matrix and nor the idea of changing the effective chemical potential with a A,ui* value. With this

proposal and development, we make a significant improvement in phase diagram calculations using the CVM,
which is manifested in the easiness and accuracy of this method.
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