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Utilizing complex DTA, the location of the points of invariant equilibrium of ternary and 
quaternary mutual systems K, Ca, Ba, CI, MoO 4 were determined. 

Judging by the papers in the literature, DTA is utilized for studying systems 
consisting of one and two components. Up till recently it has not been widely 
applied for the study of systems with a large number of components. This was due 
to the absence of a corresponding methodology utilizing all advantages of modern 
DTA apparatus. Since multicomponent systems are most widespread in nature and 
their study is laborious, introduction of DTA on a large scale into their 
investigation would substantially enlarge the sphere of its utilization. In [1], a 
suitable method in the form of a set of algorithms is presented, allowing to optimize 
wearisome studies of multicomponent systems. 

One of the important procedures in studying multicomponent systems is the 
determination of the character and location of the points of invariant equilibrium. 
This paper deals with the solution of that task by means of complex thermal 
analysis. 

It has been shown in [2] that in singular systems, in determining the composition 
of given ranges (simplexes) in the initial polyhedron of compositions, each range 
(simplex) has an eutectic star. There is no difficulty in determining the temperature 
of the eutectic. Differential thermal analysis in any figurative point in each simplex 
allows to determine the phase transition on the liquid-solid boundary correspond- 
ing to the temperature of the eutectic transition. 

With non-singular systems the study becomes more complicated. For this 
purpose the necessary cycle of investigations has been derived [1]. The generalized 
concepts of differentiation and phase unit block have been introduced, allowing to 
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formulate the phase tree of realistic systems in the shape of a set of phase unit blocks 
separated from one another by secant elements. To the concept "simplex", a more 
generalized concept corresponds in non-singular systems, that of the phase unit 
block (PUB), and to the simplexizational division procedure (triangualization, 
tetrahedralization etc.) a more generalized procedure, that of differentiation of the 
initial polyhedron ofcompositi0n into groups of phase unit blocks will correspond. 
Let us remember that a phase unit block is a concentration range of the system 
differing only in its characteristic entirety of phases at temperatures below the 
solidus. 

The number of invariant points in multicomponent systems may be less or equal 
to the number of PUBs [3]. However, the character of each invariant point and its 
assignment to one or another PUB remains unknown. The essence of the problem is 
that individual invariant points, by reason of the particularities of the phase and 
chemical reactions taking place in realistic non-singular systems [4] are capable of 
migrating from the PUB into a neighbouring PUB, thereby changing the character 
of the invariant point, for instance, from eutectic into peritectic. 

We suggest the following sequence of DTA procedures for multicomponent 
systems in order to find out the character and location of invariant equilibrium 
points: 

(1) Temperature data of invariant points 

These data are obtained by investigating, one by one, the composition of each 
PUB by means of DTA with simultaneous recording of electric conductivity. In this 
manner, complex DTA will allow to determine the phase transition temperatures 
corresponding to the total disappearance of the liquid phase. 

(2) Determination of the assignment of the invariant points to the PUBs 

For this purpose, DTA with simultaneous recording of electric conductivity is 
applied one by one for the compositions located on each secant element. 

To temperatures of phase transition corresponding to the total disappearance of 
the liquid are thus determined. These are then compared with the temperatures 
obtained earlier in neighbouring PUBs. Two cases are possible: first, the 
temperatures of final crystallization of the composition in question on the secant 
will not coincide with either of the temperatures of invariant equilibrium points in 
the PUBs investigated; second, the temperature of final crystallization will coincide 
with the temperature of invariant equilibrium in one of the PUBs. In the first case, 
eutectic points with known temperatures will be present in the PUBs separated by 
the secant in question. In the second case, in one of the PUBs separated by the 
secant in question, with an invariant equilibrium temperature above the 
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temperature  o f  final crystall ization no  eutectic point  will be present, the 

temperature o f  invariant  equilibrium for this P U B  will cor respond to a phase 
reaction o f  the peritectic type. The assignment o f  this invariant  point  to one o f  the 

PUBs  is determined by the coincidence o f  the temperature o f  final crystallization on 
the secant and in the corresponding PUB.  

These situations are illustrated by numerous  examples o f  determining invariant  

points in ternary mutual  systems with one c o m p o u n d  melting congruent ly  (Fig. 1). 
Let the temperature for the invariant  equilibria for each P U B  be as follows: for 

PUB I (1-2-4)  500~ for  P U B  II (2-3-5)  600~ for P U B  I I I  (2-3-5)  650 ~ 

2 

4 ~ 3 
Fig. 1 Experimental determination of the temperature of final crystallization in three PUBs of a ternary 

mutual system with one compound. PUI~-I (1-2-4), final crystallization temperature: 500~ 
PUB-II (2-4-5), final crystallization temperature: 600~ PUB-III (2-3-5), final crystallization 
temperature: 650 ~ 
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Fig. 2 Detection of the character and location of the points of invariant equilibrium for the case, when 
the final crystallization temperature on the secant is above the temperatures of final 
crystallization in adjoining PUBs. (a) Characteristic of the points of invariant equilibrium and 
their location in the PUBs of the system; (b) crystallization tree of the system 

Analysis o f  the situation 

(1) The experimentally obtained temperatures o f  final crystallization on the 
secants are as follows: for secant (2-4) higher than 600~ for  secant (2-5) higher 
than 650 ~ One may  then conclude that  all invariant  points in question have an 
eutectic character  (Fig. 2). 
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Fig. 3 Detection of  the character and location of  the points ofinvariant equilibrium for the case, when 
the final crystallization temperature on the secant (2-4) is above 600 ~ , and is equal to 650 ~ on the 
secant (2-5). (a) Characteristic of  the points of  invariant equilibrium and their location in the 
PUBs of  the system; (b) crystallization tree o f  the system 

(2) The temperature of final crystallization on the secant (2-4) is higher than 600 ~ 
but lower than 650 ~ on the secant (2-5) it is equal to 650 ~ In this case the location 
of the invariant points corresponds to the schematic representation in Fig. 3. 

(3) The temperature of  final crystallization on the secant (2-4) is 600 ~ and on the 
secant (2-5) 650 ~ In this case, two mutual locations of the invariant equilibrium are 
possible (Figs 4 and 5). To distinguish them it is necessary to determine the 
temperature of the phase transition taking place directly before final crystallization 
on the secant (2-4). If  this temperature is equal to 650 ~ the location of the invariant 
points will correspond to the schematic representation in Fig. 4. I f  this temperature 
is not equal to 650 ~ the case will be represented by Fig. 5. 

Thus to determine the character of the points of invariant equilibrium it is 
necessary and sufficient to determine the temperature corresponding to the 
crystallization on the liquid-solid boundary of one composition in each PUB and 
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Fig. 4 Detection of  the character and location of  the points ofinvariant equilibrium for the case, when 
the final crystallization temperature on the secant (2-4) is equal to 600 ~ and equal to 650 ~ on the 
secant (2-5), while the phase transition temperature before the final crystallization on the secant 
(2-4) is equal to 600 ~ (a) Characteristic o f  the points ofinvariant equilibrium and their location 

in the PUBs of  the system; (b) crystallization tree of  the system 
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Fig. 5 Detection of the characteristic and location of the points of invariant equilibrium for the case, 
when the final crystallization temperature on the secant (2-4) is equal to 600 ~ and equal to 650 ~ on 
the secant (2-5), while the phase transition temperature before final crystallization on the secant 
(2-4) is not equal to 650 ~ (a) Characteristic of the points of invariant equilibrium and their 
location in the PUBs of the system; (b) crystallization tree of the system 

one by one to the composition on each secant element. The number of such 
compositions investigated experimentally is equal to the sum of all PUBs and all 
secants of the system. An analysis of these data will allow an unequivocal 
determination of the character of each invariant point and its assignment to the 
corresponding PUB. 

The above considerations have a general character, including systems with more 
than three components. The procedure will be illustrated by the example of 
constructing the crystallization tree of the quaternary mutual system K, Ca, 
B a / / C I ,  M o O  4 from six salts with complex formation. Figure 6, in addition to the 
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Fig. 6 Detection of the character and location of the points ofinvariant equilibrium and formulation of 

the crystallization tree of the system K, Ca, Ba//C1, MOO,, I to VIII--PUBs. 525~ 
of the invariant process (experimental. 1. KC1, 2. K2MoO4, 3. CaC12, 4. CaMoO4, 5. BaC12, 
6. BaMoO4, 7. DI(KC1CaCi2) , 8. D2(2KC1.BaC12), 9. D3(KzMoO4.BaMoO4), 
10. D4(CaCI2. BaC12) 
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phase tree, represents the temperatures of invariant processes, determined by 
complex thermal analysis, for the individual figurative points belonging to PUBs 
and to adjoining secant elements. The analysis of the crystllization temperature 
corresponding to the invariant processes, pairwise with two PUBs and the 
adjoining secant element allows to determine the character and location of the 
invariant points unequivocally. 

Hence it is possible to formulate the crystallization tree of the system, indicating 
the temperatures and characters of the invariant points as well as their assignment 
to the corresponding PUBs. Thus, in.addition to six eutectic points: E 1 at 525 ~ E2 
at 540 ~ Ea at 542 ~ E 4 at 610 ~ E 5 at 612 ~ and E 6 at 622 ~ it could be shown that 
eutectic points are absent in PUB-II and PUB-VI. In fact, the temperatures of final 
crystallization in PUB-II and in the adjoining secant element were found to be 
equal to 596 ~ demonstrating that the invariant point migrates from PUB-II into 
PUB-I, changing its charcter from eutectic into peritectic, i.e. P1 at 596 ~ 
Analogously, the character of the invariant point migrating from PUB-VI into 
PUB-VII in the form of the peritectic point P2 at 714 ~ was established. 

The described stage of the investigation corresponds to the first information 
level, namely to the qualitative description of the system and is carried out after the 
differentiation procedure. The construction of the crystallization tree may represent 
the final objective of the study of multicomponent systems; or else it may precede 
further stages of the investigation: the formulation of phase reactions and chemical 
reactions in the system, and lead on to the second information level, namely to the 
quantitative description of the elements of the phase system in full agreement 
with [2]. 

Conclusion 

Expedient utilization of complex DTA according to the proposed method allows 
to formulate, from a minimum number of data, the full crystallization tree of the 
system, indicating the temperatures and characters of the invariant equilibrium 
points as well as their assignment to the corresponding PUBs, this being an 
optimum solution of one of the most important tasks in the general algorithm of 
studying multicomponent systems. 
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Zusammenfassaag - -  Unter Ztthilfenahme einer komplexen DTA-Untersuchung wurde die Lage des 
nonvarianten Gleichgewichtspunktes tern/iren und quartern/iren K, Ca, Ba//CI,. MoO4 Wechsel- 
systeme bestimmt. 

Pe3mae - -  C ncnoasaovaaneM roMn~IeKcaoro ~TA oape;aenem,~ MecTopacnoaoa~enna Toner 
nonBapnanxnoro paBnoaecna xpofinbxx aaanMuux n aeTaepnofi B3aHMnOfi cncTeMl,i K, Ca, Ba//CI, 
MOO,,. 
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