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A model is proposed for description of microheterogeneity of solid solutions, taking into 
account the donor-acceptor interaction of components in the transition layer. Experimental 
data of temperature boundaries of solubility are the basis for theoretical estimation of the 
character of the chemical bond of the transition layers of solid solutions for the A1--Si, 
A1--Fe, and A1--Ni systems. 
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The nature  of  heterogenei ty  is one of  the most 
compl ica ted  problems  in the theory  of  solutions. There 
are several models  that  consider  solid solutions ei ther  as 
homogenous  systems in which atoms of  the second 
componen t  are chaot ical ly  distr ibuted as a toms of  inser- 
t ion or substi tution,  1 or as microheterogeneous  systems 
including a toms of  the second componen t  in the form of  
format ions  s imi lar  to  the  G u i n i e r - - P r e s t o n  zones.  2 
Al though there  is considerable  exper imenta l  material  
suggesting the heterogenei ty  of  solid solutions,  the na- 
ture of  this p h e n o m e n o n  is still unclear.  The role of  the 
t ransi t ion layer between the areas formed by atoms of  a 
solvent and a solute is especial ly obscure. Exper imenta l  
studies of  the valence zone of  the  A l - - S i  solid solution 
have been the basis for establishing 3 that  the heteroge-  
neity of  the  solid solut ion is related to the  format ion of  
areas with the A l d s i  a chemical  bond (d is the  e lement -  
donor ,  a is the  e lement -accep tor ) .  Therefore,  it is inter-  
esting to develop a physical  model  of  the  electronic 
structure of  the  microhe te rogene i ty  of  b inary  solid solu- 
tions based on the configurat ion model .  

The model  we propose is based on the following 
statements.  1. Propert ies  of  a solid solut ion are deter-  
mined  by the electronic structures of  a toms of  a solvent 
and a solute and by the electronic  structure o f  t ransi t ion 
layers of  a solid solution. 2. It is assumed that  the 
interact ion of  a toms of  a solvent and a solute in the 
transi t ion layer is described in terms of  the  donor-  
acceptor  bond according to Mul l iken 4 with the  charge 
transfer (the ionic component ) .  3. In a solid solution,  
new electronic states can exist in the t ransi t ion layer 
between the areas of  the  ma in  componen t s  of  the  sys- 
tem. The propert ies  of  the  t ransi t ion layer  can be de- 
scribed, using parameters  of  a toms whose electronic  
configurations are analogous to the configurations formed 
as a result of  the  donor -accep to r  in terac t ion  of  a toms of  
a solvent and  a solute. 5 

The functional dependence  of the temperature  bound-  
ary of  solubil i ty 6 is used in the  work. Unl ike  the  work, 6 
for calculat ions of  the t empera ture  boundary  o f  solubil-  
ity for the systems descr ibed previously,  all parameters  
entering the formulas are taken for a toms whose con-  
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figurations are formed as a result o f  the donor-acceptor  
bond formation in the transition layers of  solid solution. 
The fnnctional dependence of  solubility is presented by 
the system of  equations (1). 

In the determination of  the boundary of  solubility, 
the problem of  the determination of  RA d(a), RB a(d), 
OtAd(a) , and OrB a(d) arises. The configuration model of  
eutectic alloys allows one to assume s that properties of  
areas with the A(d)aB a(d) chemical  bond are determined 
by the superposition of  atoms, which are closest in Z 
(atomic number)  and whose configurations are analo- 
gous to those formed in the interaction of  components.  
For  example, when the chemical bond of  the AldSi a type 
in the AI--Si  system is taken into account,  atomic radii 
and thermal-expansion coefficients of  Mg and P were 
used, whose electronic configurations are analogous to 
those formed in the charge transfer from A1 to Si. The 
value of  K in model  (1) was determined from the data of  
the state diagram using the temperature of  the eutectic 
transformation and the corresponding point of  lyotectics 
(limit of  solubility). 

Dependence (1) was used for the calculation of  the 
temperature boundary  of  solubility in the A1--Si system. 
It can be seen from Fig. 1 that the assumption about the 
absence of  the charge transfer between A1 and Si results 
in an increase in solubility of  Si as the temperature 
decreases, which does not  agree with the experimental 
data. At the same time, the assumption about the forma- 
tion of  the AldSi a chemical bond in transition layers 
makes it possible to obtain good agreement of  calculated 
and experimental data. It can be seen from the compari-  
son of  the calculated data of  the boundary of  solubility 
for the A1--Si system, obtained for two types of  transi- 
tion layers (AldSi a and A12dsi2a), that  the best accord- 
ance with the experiment is observed for the layer with 
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Fig. 1. Calculated data for the dolyotectic area of the state 
diagram for A1--Si obtained with inclusion of different types of 
chemical bonds in the transition layers of the solid solutions: 
1,1", experiment; 9 2, AldSi a (n = 3 . 4 . 1 0 - 2 T -  9); 3, AldSia; 
4, A12dsi2a; and 5, A1Si. 1', experimental liquidus; c, theoreti- 
cal liquidus. 

the AldSi a chemical bond. Assuming that the value of  
the transition layer of  interacting A1 and Si atoms changes 
with temperature according to the law 

n = 3 . 4 . 1 0 - 2 T -  9, 

one can obtain the best agreement of  experimental and 
calculated data on the temperature boundary of  solubil- 
ity (Fig. 1, curve 2). 

Thus, the calculations show that in the solid and 
liquid-solid states the A1--Si alloys of  dolyotectic concen- 

X(T) = lOOKRhd(a) (1 + C~Ad(a)(T)T)AI(T)n 

(pAd(a) 

1 + 2CtAo(a)(T)T 

2 

(pBa(d) R3a(d)(1 + etBa(d)(T)T)3+A2(T) 
1 + 2~xBa(d)(T)T ) 

AI(T)=RAa(a) (1 + ~Ad(a)(T)T)+RBa(d) (1 

A2(T) = K[RAa(~) (1 + ~XAd(a)(T)T)+ RBa(d) 

K = K0, T < Teut, 

[K = K0(TAm - Teut), Teut < r < 

+ ctBa(d)(T)T) 

(1 + otBa(d)(T)T)]n R3d(a)(1 + CtAd(a)(T)T) 3 

ram 

(1) 

where X(7) is the concentration of component B; RA d(a), 
RBa(d), 0~Ad(a), ~Ba(d), (pA d(a), (pB a(d) are atomic radii, thermal- 
expansion coefficient (taken from the Ref. 7), and potentials 
((p = EF/e, where E F is the Fermi energy of electrons in the 
valence zone determined in the free-gas approximation) of 
elements whose configurations are formed as a result of the 
formation of the chemical bond between atoms A and B in the 
transition layer, respectively; n is the parameter that character- 
izes the fraction of atoms A and B bonded chemically in the 

transition layer; ~ m  is the melting point of the A component; 
Teu t is the temperature of the eutectic transformation. Formu- 
las (1) at RA a(d) --> RA, RB a(d) ---> RB, (pA a(d) ~ (PA, (PB a(d) -'+ (PB 
transform to the formulas that describe the boundary solubility 
of the two-component systemfl It is assumed in equation 
system (1) that the properties of the interacting atoms change 
in the transition layer, while this fact was not taken into 
account in Ref. 6. 
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Fig. 2. Calculated data for the dolyotectic area of the state diagrams for A1--Fe (a) and A1--Ni (b) obtained for different types of 
the chemical bond in the transition area of atoms of a solvent and a solute: 1, experimental data; 9 2, Fed/kln; 3, Fe3dA13a; 4, FeaAld; 
5, Fe3aAl3d; 6, A1Fe; 7, Ni3dA13a; o ~ NiaAld; 9, Ni3aA13d; 10, NidAla; and 11, A1Ni. 1', experimental liquidus; c, theoretical 
liquidus. 

trations contain a heterogeneity, whose surface com- 
prises the areas with a chemical bond of the AldSi a type 
with the charge transition from AI atoms to Si atoms. 
This agrees well with the experimental data on the 
studies of the framework spectra (chemical shifts) and 
valence zones of the Al--Si alloys and their compo- 
nents. 8 

The data suggest a model to explain the decrease in 
the melting temperature of solid solutions (the effect of 
the liquidus decrease) of aluminum containing silicon. 
The difficulties in explaining the decrease in liquidus are 
related to the fact that Si is a high-melting element and 
its "appearance" in A1 should result at first glance in an 
increase in liquidus (Tin si = 1423 K, Tm Al = 933 K). 
I11 fact this does not occur. The decrease in liquidus can 
be explained by assuming that the areas with a chemical 
bond of the AldSi a type appear in the A1--Si solid 
solution. From the viewpoint of the configuration model, 
this results in the appearance of areas with s2p~ d) and 
s2p3(Si a) configurations in addition to s2p l of aluminum 
and s2p 2 of silicon. These configurations are similar to 
configurations of Mg and P, and it is known that the 
latter have very low melting points. Thus, the decrease 
in liquidus in the A1--Si system can be accounted for by 
the appearance in the A1--Si solid solution of electronic 
states characteristic of low-melting elements (P and 
Mg). 

At the next stage, the limits of applicability of the 
suggested model to other systems were evaluated. We 
have chosen the AI--Fe and AI--Ni systems with a 
strong interaction between components, which is indi- 
cated by melting points of intermetallides FeA13 (Tin = 
1420 K) and NiAI 3 (Tin = 1120 K). The results of the 

calculations are presented in Fig. 2, and it can be seen 
that for the AI--Fe and A1--Ni systems the best agree- 
ment of the experimental and calculated data for the 
temperature boundary of solubility is obtained with the 
assumption that donor-acceptor bonds of the FedA1 a and 
Ni3dAl3 a type are formed in the transition layers of the 
solid solution (Fig. 2). Unsatisfactory agreement of the 
calculated and experimental data is obtained with the 
assumption that there is no charge transfer in the transi- 
tion layers (Fig. 2, curves 6, 11). Other variants of the 
charge transfer between components in the A1--Fe and 
A1--Ni system also give a great difference between the 
experimental and calculated data for the temperature 
dependence of the boundary of solubility (Fig. 2). 

Thus, the suggested model makes it possible to eluci- 
date the character of the chemical bond in the transition 
layers of the solid solutions and to discover the elec- 
tronic mechanism of the formation of heterogeneity in 
the solid solutions. This provides additional opportuni- 
ties for calculations of the state diagrams. 
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