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T h e p a p e r discusses t h e possibility of t h e d e t e r m i n a t i o n of p a r t s of t h e 
concent ra t ion p o l y h e d r a of reciprocal sys tems corresponding t o m i x t u r e s 
t h a t m a y be synthesized if n o t all t h e f u n d a m e n t a l c o n s t i t u e n t s of t h e consi
dered sys tems are a t disposal. 

A general solution of t h e p r o b l e m is presented a n d t h e pract ical ly impor
t a n t prob lem of synthesizing t h e q u a t e r n a r y reciprocal sys tems formed b y 
fluorides a n d chlorides of sodium, magnes ium, a n d a l u m i n i u m h a s been solved 
for t h e case, when one or two f u n d a m e n t a l c o n s t i t u e n t s of t h e sys tem are n o t 
available. 

1. I n t r o d u c t i o n 

I n t h e exper imenta l invest igat ion of m u l t i c o m p o n e n t sys tems it m a y occur t h a t one 
or even m o r e of t h e f u n d a m e n t a l c o n s t i t u e n t s * * of t h e given ^ - c o m p o n e n t s y s t e m are 
n o t easily a t t a i n a b l e or t h e y h a v e some propert ies complicat ing work w i t h t h e m ie.g. 
hygŕoscopy) . 

W h e n considering a n ord inary system, i t is ev ident t h a t u n d e r these c i rcumstances 
i ts invest igat ion becomes difficult or somet imes even impossible. A n o t h e r p r o b l e m 
arises, however, w h e n a reciprocal s y s t e m is u n d e r considerat ion. I n th i s case i t is possible 
t o " s y n t h e s i z e " cer ta in p a r t s of t h e c o n c e n t r a t i o n p o l y h e d r o n of t h e given reciprocal 
s y s t e m even t h o u g h some of t h e f u n d a m e n t a l c o n s t i t u e n t s are n o t a t our disposal. 

Since m o s t of t h e prob lems of t h e appl ied c h a r a c t e r a n d m a n y theoret ica l quest ions 
do riot require a n invest igat ion of t h e c o n c e n t r a t i o n po lyhedron as a whole, b u t only 
of some of i ts p a r t s , t h e discussed prob lems are w i t h o u t d o u b t very topical . 

T h e analysis shows t h a t in t h e given case t h e r e m a y arise t w o different p r o b l e m s : 
A. T h e p r o b l e m of p r e p a r i n g a sys tem t h a t should h a v e a required p h a s e composi t ion 

in t h e solid s t a t e . I n this case i t is n o t indifferent h o w t h e individual subs tances or t h e i r 

* P r e s e n t e d a t t h e 2nd Czechoslovak Seminar on " M o l t e n Salt 'Sys tems" , Bratis lava^ 
April 1 1 - 1 2 , 1973: 

** A f u n d a m e n t a l c o n s t i t u e n t is t h e chemical subs tance, t h e figurative p o i n t of which 
is s i t u a t e d on some of t h e vert ices of t h e concent ra t ion p o l y h e d r o n of t h e given sys tem. 
I n t h e case of reciprocal sys tems t h e n u m b e r of f u n d a m e n t a l c o n s t i t u e n t s is a lways 
greater t h a n t h a t of t h e c o m p o n e n t s . 
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subelements (e.g. ions) react together in the process of solidification. The solution of 
this problem requires also the knowledge of the nature of the given system (whether 
it is a reversibly or irreversibly reciprocal system, etc.). 

B. The problem of preparing a system with a required chemical composition in the 
liquid state. This case is important in the experimental investigation of all the para
meters in the liquid phase (density, electrical conductivity, viscosity, etc.) as well as 
in studying the diagram of the liquidus of systems of the given chemical composition. 
In all these cases the phase composition of the system after its solidification is not sub
stantial and the knowledge of the character of interactions between the constituents 
of the system is not necessary. 

We will direct our attention to the problem ad В and analyze a system that is closed 
with respect to its mass. 

2 . General part 

2.1. Ternary reciprocal systems 

The concentration polygon is a square, the vertices of which correspond to the figu
rative points of four fundamental constituents (Fig. 1). Thus, if no reduction of the sys
tem order should take place, only one of these constituents, e.g. MA, might be inaccessible. 

Fig. 1. Concentration square of the ter- Fig. 2. The concentration triangular 
nary reciprocal system M,N || A,B. The prism of the quaternary reciprocal sys-
mutually attainable triangle MB —NA — tern M,N,Q || A,B. The planar (trian-

— NB is marked by hatching. gular) concentration diagonal MB—NA— 
— QA, separating the mutually attainable 
formations from the unattainable ones 

is marked by hatching. 

4 8 4 
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Then the mutually accessible polygon is the concentration triangle MB —NA —NB 
with all its subsystems. The remaining parts of the concentration square M,N || A,В 
are mutually inaccessible in the given case. 

2.2. Quaternary reciprocal systems 

Let us consider the system M,N,Q || А,В (M,N,Q are cations, A, В anions). This sys
tem has 3 - 2 = 6 fundamental constituents, the figurative points of which are situated 
on the vertices of the triangular concentration prism (Fig. 2). 

2.2.1. One of the fundamental constituents is inaccessible — MA 

The mutually attainable space formation, the melts of which may be prepared from 
the remaining five constituents, is the concentration pentahedron MB — NB — QB—NA — 
— QA (Fig. 2) and all its subsystems of lower order. The concentration tetrahedron 
MA—MB —NA —Q A is evidently a mutually inaccessible formation. 

If we choose equal lengths for all the edges of the concentration prism and denote 
them a, then the volume of this prism is equal to a3 |/3/4, while the volume of the mu
tually attainable concentration pentahedron is a3 [/3/6. The volume of the pentahedron 
takes two thirds of the total volume. The ratio between these two volumes is proportio
nal to the probability of the possibility of preparing any melt belonging to the given 
system using the five remaining fundamental constituents. 

2.2.2. Two of the fundamental constituents are inaccessible 

2.2.2.1. Both inaccessible constituents have a common subelement 

a) Both inaccessible constituents belong to the true ternary system as well as to one 
of the ternary reciprocal systems (e.g. MA and NA, with a common subelement A) (Fig. 3). 

If only one fundamental constituent, MA, would be inaccessible, the mutually unat
tainable formation would be the tetrahedron MA—MB —NA —QA. If the inaccessible 
constituent would be NA, the unattainable formation would be the tetrahedron MA — 
— NA —NB —QA. If both constituents, viz. MA and NA are inaccessible at the same 
time, the principle of superposition is not applicable since the total area of the reciprocal 
ternary system M,N || A,В is unattainable. Therefore only the regular tetrahedron 
MB —NB —QB —QA is a mutually attainable formation, the volume of which equals 
1/3 of the volume of the concentration prism. 

b) Both inaccessible constituents belong to one of the ternary reciprocal systems 
which form one of the faces of the discussed polyhedron (e.g. MA and MB with a common 
subelement M) (Fig. 3). In this case the subelement M is completely missing in the re
sulting system. Therefore the remaining system degenerates to a system lower by one 
order than that of the original system, i.e. in the given case to the ternary reciprocal 
system N,Q || A,B. 

2.2.2.2. The two inaccessible fundamental constituents have no common subelement 
(e.g. MA and NB) (Fig. 4) 

In this case all the original subelements remain in the system. The mutually un
attainable formations are the tetrahedra MA —MB—NA —Q A and MB—NB —NA —QB. 
Without using the constituents MA and NB only the tetrahedron MB—NA —QA —QB 
is attainable and its volume is equal to 1/3 of that of the original concentration prism. 
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Fig. 3. The concentration triangular Fig. 4. The concentration triangular 
prism of the quaternary reciprocal sys- prism of the quaternary reciprocal sys
tem M,N,Q || A,B, with the marked pla- tem M,N,Q || A,B. Hatching marks the 
nar concentration diagonals MA—NB — two tetrahedra MA—MB—NA —Q A and 

— QA and MB—NA-QA. MB—NB-NA—QB that are mutually 
unattainable if the fundamental con
stituents MA and NB are not available. 

The case, when three fundamental constituents are inaccessible, results in a degene
ration of the original system to one of lower order; therefore this case is of no interest 
for the given investigation. 

3. Application 

It is known that the so-called "classical" electrocute for aluminium production con
sists of an active component — aluminium oxide — and of a molten medium repre
sented by cryolite with additions of aluminium and calcium fluorides. In order to improve 
the properties of the aluminium electrolyte different additives were tested. As most 
promising there have been found the additives containing Mg2+, Li+, and Cl~ ions [1, 2]. 

Let us consider the addition of the ions Mg2+ and Cl~ to the "classical" electrolyte. 
The resulting melt apparently belongs to the quaternary reciprocal system Na,Mg,Al || 
|| F,C1 (Fig. 5). The problem is to determine the limiting composition of molten mixtures 
that can be synthesized when one or two constituents of this system are not accessible. 

3.1. One of the fundamental constituents is inaccessible 

Let us suggest first that MgCb is the inaccessible substance. The question is, to what 
concentration of this substance the melts belonging to the binary system NasAlFe — 
—MgCb and to the system NaeAlFe—A1F3—MgCb may be prepared, the latter being 
interesting with respect to industrial application. 
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AL2Fe 

Al2Cís 

Mg3F6 Fig. 5. The concentration triangular 
prism of the quaternary reciprocal sys
tem Na,Mg,Al || F,C1. The connection 
line of Na3AlF6—Mg3Cle and the mu
tually attainable part of the inner con
centration triangle AloFe—Na3AlF6 — 
— MgaCle are marked for the case that 
the fundamental constituent MgCb is 

not available. 

Mqfl, 

Na6Cl6 

The mutually unattainable formation is a tetrahedron, viz. Mg3Cl6—NaeCle — Al2Cle — 
—Mg3F6. The concentration triangle of the system Na3AlF6—A1F3—MgCb penetrates 
into this formation with its part M—N—MgCb. Therefore it appears necessary to de
termine the position of the points M and N in the concentration prism of the original 
system. 

The point M is identical with the point of intersection of the diagonals Mg3F6—А1гС1б 
and AI2F6—MgClö. Thus the melt, the figurative point of which corresponds to the point 
M, contains 40 mole % A1F3 and 60 mole % MgCl2. 

AUF, 

Jflg. 6. The concentration triangular 
prism of the quaternary reciprocal sys
tem Na,Mg,Al |! F,C1. The marked inner 
concentration triangle AbFe — Na3AlFe — 
— Q corresponds to the mixtures which 
can be prepared in case the two funda
mental constituents, MgCl-2 and A1C13, 

are not available. 

M2Ci6 

"93Fs 

Mg3Cl6 

Na6Cls 
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The position of the point N may be found by geometrical or analytical methods. 
In the geometrical construction the fact may be used that the mutually unattainable 

triangle is a part of the triangle A^Fe — NaeFe — Mg3Cl6 intersecting the concentration 
triangle Mg3Fe—AI2CI6 —Na6Cl6 on the straight line segment MP (Fig. 5). Therefore 
the point N is identical with the point of intersection of the segment MP and the straight 
line joining the figurative points of Na3AlF6 and MgCb. 

In the analytical determination the circumstance may be applied that the point N 
is situated in the area of the triangle Mg3F6—AbCle — NaeClö and at the same time on 
the line joining NaeAlFc and MgCb. The melt corresponding to the composition of the 
point N may be prepared in the following way: 

.-cMg3F6 + 2/А12С1б + zNa6Cl6 = aNa 3AlF 6 + 6MgCl2. 

We can easily find that x = 2, у = z = 1, a = 2, b = 6. Thus the melts of the system 
Na3AlF6—MgCb can be realized up to the concentration of 75 mole % MgCb, without 
requiring this chloride to be the starting substance, provided the remaining five sub
stances are available. 

3.2. Two of the fundamental constituents are inaccessible 

Let us suggest that these two substances are AICI3 and MgCl2 so that we have only 
the substances AIF3, MgF2, NaF, and NaCl at our disposal. I t is evident that this case 
is very important not only from the aspect of laboratory work, but also from the point 
of view of industrial utilization. 

Our interest is directed again to the point on the connection line of NasAlFô—MgClz 
with the maximum possible content of MgCb- This point, let us denote it Q, is the point 
of intersection of the connection line Na3AlFe — MgCl2 and the plane determined by the 
figurative points A12F6, Mg3F6, and NacCle (Fig. 6). 

The point Q can be synthesized from equal amounts of AI2F6, NaeCle, and Mg3F6. 
Thus it is situated in the point of intersection of the connection lines a — Mg3Fe and 
b — Na6Cl6, where point a divides the concentration line segment Al2Fe — Na^Clo into 
two equal parts and the point b lies in the half of the concentration segment AUFe — Mg3Fe. 
The point Q lies, however, also on the connection line of Na3AlF6 —Mg3Cl6, which is 
divided by it in the ratio of 1 : 2 as the equation shows 

A12F6 + Mg3F6 + Na6Cle = 2Na3AlF6 + Mg3Cl6 = 2Na3AlF6 + 3MgCl2. 

Consequently the melts of the system ХазА^с —MgCb may be realized up to the 
concentration of 60 mole % MgCb using only the substances AIF3, MgF 2, and NaCl. 
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