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Ðàññìàòðèâàþòñÿ ðåçóëüòàòû îïðåäåëåíèÿ ôà-
çîâûõ ðàâíîâåñèé íà ãåîìåòðè÷åñêèõ îáðàçàõ
ïðèâåäåííîé ñèñòåìû ñ ïîñëåäóþùèì ïîñòðîå-
íèåì åå ôàçîâîé äèàãðàììû ìåòîäîì òðàíñëÿ-
öèè. Ìåòîä ïåðåâîäà ñëåäóåò èç ïðèíöèïà ñî-
âìåñòèìîñòè ñòðóêòóðíûõ ýëåìåíòîâ n è n+1
êîìïîíåíòíûõ ñèñòåì íà îäíîé äèàãðàììå. Ýòî
ïîçâîëÿåò ïðîãíîçèðîâàòü ôàçîâûå ðàâíîâåñèÿ
â n+1-êîìïîíåíòíîé ñèñòåìå íà îñíîâå äàííûõ î
ôàçîâûõ ðàâíîâåñèÿõ â n-êîìïîíåíòíûõ ñèñòåìàõ
è ñòðîèòü èõ ôàçîâóþ äèàãðàììó. Óñòàíîâëåíî,
÷òî èññëåäóåìàÿ ñèñòåìà ïðè 25 îÑ õàðàêòåðèçóåò-
ñÿ íàëè÷èåì 5 íîíâàðèàíòíûõ òî÷åê, 16 ìîíîâà-
ðèàíòíûõ êðèâûõ è 18 äèâàðèàíòíûõ ïîëåé.

Key words: äèâàðèàíòíîå ïîëå; ìåòîä òðàíñëÿ-
öèè; ìîíîâàðèàíòíàÿ êðèâàÿ; íîíâàðèàíòíàÿ òî÷-
êà; ôàçîâàÿ äèàãðàììà; ôàçîâûå ðàâíîâåñèÿ.

The analysis of existing methods of research of
multicomponent systems and their comparison with
the translation method shows that the translation
method is the most optimal for these purposes. The
translation method follows from the principle of
compatibility of structural elements n and n+1 of
component systems in one diagram. This makes it
possible to predict phase equilibria in the n+1
component system on the basis of data on phase
equilibria in the n component systems and to plot
their phase diagram. It is found that the system
under study at 25 îC is characterized by the presence
of 5 nonvariant points, 16 monovariant curves and
18 divariant fields.

Key words: constitutional diagram; divariant
fields; monovariant curve; multicomponent
system;, nonvariant point, phase composition;
phase identification; solids, translation method.

Äàòà ïîñòóïëåíèÿ 01.08.19

Realization of technological processes of
obtaining inorganic salts from natural mineral
raw materials or purification of industrial
effluents from salts is associated with the
implementation of physical and chemical
processes in multicomponent systems 1.

As a rule, in such systems, the influence of
salts on mutual solubility is possible, phase
equilibria become diverse, the composition of the
precipitating solid phase changes.

The most frequently experimentally studied
three-component systems containing a solvent
and different salt. The research of systems with
the number of components more than three of
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them meet with additional difficulties
(identification of equilibrium solid phases,
construction of diagrams of the state, high
material costs and time resources) of the
experiment.

The work 2–4 describes in more detail the
difficulties of visualization of phase equilibria in
multicomponent systems, the component
content of which is higher than three. Therefore,
most researchers study systems with no more
than four components.

In this paper, using the translation method
5–8 for the first time studied this particular five-
component system, which is a necessary step for
further study of six-component systems. Like
this work has peculiarity and scientific novelty,
as it serves as a theoretical basis for the
technology of processing of multicomponent real
objects in the form of sulfates, carbonates and
fluorides of potassium and calcium.

Research methods

In this article firstly research dealt a five-
component system K,Ñà//SO4,CO3,F-H2O at
25 îC. For the theoretical study of this system,
the method of translation is applied, the essence
of which is as follows:

The studied five-component system is
presented as a combination of such four-
component systems as Ê2SO4-Ê2CO3-ÊF-H2O;
ÑàSO4-ÑàCO3-ÑàF2-H2O; K,Ñà //SO4,F-H2O;
K,Ñà//SO4,CO3-H2O and K,Ñà//CO3,F-
H2O, which are described in articles 9.

In turn, the description of these four-
component systems is based on the experimental
data of the corresponding three-component
systems 10,11. During the use of translation
method, the principle of compatibility of
structural elements of n and n+1-component
systems in one diagram [8.9] is realized. Than on
the base predicting phase equilibria in n+1
component system and plotting its phase
diagram basis of data on phase equilibria in n
component systems. The translation method was
used as an effective method in 12,13.

Results and its discussion

Physico-chemical properties of the studied
five component system K,Ñà//SO4,CO3,F-H2O
are obtained by the corresponding translation of
data on phase equilibria at non-invariant points
of the following four component systems:
Ê2SO4-Ê2CO3-ÊF-H2O; ÑàSO4-ÑàCO3-ÑàF2-

H2O; K,Ñà //SO4,F-H2O; K,Ñà //SO4,CO3-
H2O and K,Ñà //CO3,F-H2O 9.

Figure 1 shows the «Disclosure» of the salt
part of the phase equilibrium diagram of the
five-component system K,Ñà//SO4,CO3,F-H2O
at 25 îC at the level of the four-component
composition. In the fig. 1 positions of
geometrical images of the diagram (points,
curves, fields) are schematically plotted 14,15,
without linking them to the coordinate skeleton.
However, at the same time, sufficient
information content of the constructed diagram
is preserved: the total number of geometric
images and their mutual arrangement, according
to the basic principles of physical and chemical
analysis and the Gibbs phase rule.

Fig. 1. Schematic diagram of the phase equilibrium of
the system K,Ñà//SO4,CO3,F-H2O at 25 îC at the
level of the four-component composition as a
«Disclosure» of the prism, built by translation.

In figure 1, and below in the text are taken
following meaningful symbols 10, 11:

Ar – Arcanite K2SO4;
Kb – carobiitis KF; K⋅1.5-K2CO3⋅1.5H2O;
Cs – Calcite CaCO3;
Fo – Fluorite CaF2; K⋅Ca-K2CO3⋅CaCO3;
Sn – syngenite K2SO4⋅CaSO4⋅H2O;
Gp – gypsum CaSO4⋅2H2O.
The letter E denotes a non-invariant point,

the upper index of which denotes the multiplicity
(component) of the system, and the lower index
the ordinal number of the point.

In order to use  the constructed diagram as a
basis (matrix) for drawing on it the elements of
the structure of the system under study at the
level of five-component composition (according
to the principle of compatibility 8), which are
formed during the translation of geometric
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images of the level of four-component
composition, it is necessary to combine identical
crystallization fields. After completion of this
operation, we obtain a schematic diagram 14, 15 of
the isotherm at 25 îC for the system K,Ñà//
SO4,CO3,F-H2O, which is shown in fig. 2.

Fig. 2. The salt part of the schematic diagram of
phase equilibria in the system K,Ñà//SO4, CO3, F-
H2O at 25 îC at the level of four-component
composition.

This schematic diagram shows that the
translation of non-invariant points from the
level of three-component composition to the
level of four-component composition produces
12 non-invariant points, 22 monovariant curves,
8 divariant fields, which differ in the chemical
nature of the components and phases involved in
equilibrium processes (specific compounds are
shown in fig. 2).

Stream nonvariant points-level four-part
composition on the level pathcomponents
composition gives the following nonvariant
point of this level component with the set of
equilibrium solid phases:

Å1
4+Å4

4 +Å6
4→Å1

5= Êb + Àr + Ê⋅1.5 + Sn;
Å2

4+Å5
4 +Å7

4→Å2
5 = Gp + Fî + Ñs + Sn;

Å3
4+Å12

4→Å3
5= Êb + Fî + Ê⋅Ñà + Sn;

Å8
4+Å10

4→Å4
5= Ê⋅1.5 + Ê⋅Ñà + Êb +  Sn;

Å9
4+Å11

4→Å5
5= Ñs + Ê⋅Ñà + Fî + Sn.

As you can see, of the five nonvariant points
level pathcomponents composition of two (Å3

5-
Å5

5) formed by a triangular cross-cutting and
three (Å1

5-Å2
5) as a result of bilateral pass-

through broadcast 14. On the basis of the data
obtained, in compliance with the basic principles
of physical and chemical analysis and the Gibbs
phase rule, a schematic 15 phase diagram of the

system K,Ñà//SO4,CO3,F-H2O at 25 îC, which
is shown in fig. 3.
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Fig. 3. The salt part of the schematic diagram of
phase equilibria in the K,Ñà//SO4,CO3,F-H2O
at 25 îC at the level of a five-component composition.

The analysis of the constructed diagram
shows that the system under study at 25 îC is
characterized by the presence of 5 non-invariant
points (equilibrium of three phases), 16
monovariant curves (equilibrium of two phases)
and 18 divariant fields (one phase). From 16-and
monovariant curves 12 are formed as a result of
translation of nonvariant points of level of five -
component structure (on the diagram they are
designated by dashed lines, and directions of
translation-point lines). The phase composition
of precipitation characteristic of these
monovariant curves is identical to the phase
composition of the corresponding translatable
Quad nonvariant points (tab.1).

Four monovariant curves are between
nonvariant points level pathcomponents
composition. They are marked by thick solid
lines and are characterized by the following
phase composition of precipitation:

Å1
5 ⎯⎯⎯⎯⎯ Å4

5 = Êb + Ê⋅1.5 + Sn;
Å2

5 ⎯⎯⎯⎯⎯ Å5
5 =Ñs + Fî + Sn;

Å3
5 ⎯⎯⎯⎯⎯ Å4

5 =Êb+Ê⋅Ñà + Sn;
Å3

5 ⎯⎯⎯⎯⎯ Å5
5 =Fî+Ê⋅Ñà + Sn.

Divariant fields are formed as a result of
translation of monovariant curves of the level of
four-component composition. Their list and
contours on the diagram are given in the tab. 2.
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Table 1
Phase composition of the nonvariant points of the system K,Са//SO4,CO3,F�H2O at 25 оC

at the level of the four�component composition

Nonvariant 
points 

Phase composition of 
precipitation 

Nonvariant 
points 

Phase composition 
of precipitation 

System  К2SO4- К2CO3- КF-H2O System  K,Са //SO4,CO3-H2O 
Е1

4 Kb +  Аr + К⋅1.5 Е6
4 Аr + К⋅1.5 + Sn 

System СаSO4-СаCO3- СаF2-H2O Е7
4 Gp + Cs + Sn 

Е2
4 Gp + Cs + Fo Е8

4 K⋅1.5 + К⋅Са + Sn 
System K,Са //SO4,F-H2O Е9

4 К⋅Са + Cs + Sn 
Е3

4 Kb + Fo + Sn System K,Са //CO3,F-H2O  
Е4

4 Kb + Аr + Sn Е10
4 K⋅1.5  + Kb + К⋅Са  

Е5
4 Fo + Gp + Sn Е11

4 К Cs + Fo + К⋅Са 
  Е12

4 Kb + Fo + К⋅Са 

Тable 2
The list and contours of the divariant fields

of the system K,Са//SO4,CO3,F�H2O at 25 оC, found by the translation method

Solid phases  

o f divariant fie lds 

The  contours o f the fields in the 

d iagram (Fig .3) 

Solid phases  

o f divariant fie lds 

The contours of  the  fields  

in  the  diagram (F ig.3) 
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The analysis of the constructed diagram of
phase equilibria of the system K,Ñà//
SO4,CO3,F-H2O at 25 îC shows that in the
formation of its geometric images, from 8
individual equilibrium phases, the most part is
taken by the syngenite (Sn) K2SO4⋅ÑàSO4⋅Í2Î.
This indicates that the field of its crystallization,
under the given conditions, occupies a
significant part of the studied system. Figure 4
shows a fragment of the constructed diagram of
phase equilibria in the region of syngenite
paragenesis with other equilibrium solid phases.
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Fig. 4. Fragment of schematic diagram of phase
equilibria of system K,Ñà//SO4,CO3,F-H2O at 25
îC in the region of syngenite paragenesis
(K2SO4⋅⋅⋅⋅⋅ÑàSÎ4⋅⋅⋅⋅⋅H2O)  with other phases.

In total, the system K,Ñà//SO4,CO3,F-
H2O at 25 îC is characterized by the following
number of geometric images (divariant fields,
monovariant curves, non-invariant points) at the
levels of four-component (A) and five-
component (B) composition:

The functionality of the system Geometric sort 
А В 

Divariant fields 8 18 
Monovariant curves 18 16 
Non-invariant points 12 5 

On the base of given, we can concluded that
the above factors should be taken into account in
the development of modern technologies for the
production of individual salts from minerals, as
well as in the treatment of multi-component
industrial salt-con.

Литература

1. Ìàçóíèí Ñ. À., ×å÷óëèí Â. Ë. Âûñàëèâàíèå êàê
ôèçèêî-õèìè÷åñêàÿ îñíîâà ìàëîîòõîäíûõ ñïî-
ñîáîâ ïîëó÷åíèÿ ôîñôàòîâ êàëèÿ è àììîíèÿ.–
Ïåðìü.: Èçä-âî Ïåðì. ãîñ. íàö. èññëåä. óí-òà,
2012.– 114 ñ.

2. Ìàçóíèí Ñ.À., ×å÷óëèí Â.Ë. Î ïëîñêîñòè ñî-
ñòàâîâ íîíâàðèàíòíûõ è ìîíîâàðèàíòíûõ ðà-
ñòâîðîâ, èõ ïîêàçàòåëÿ ïðåëîìëåíèÿ â ìíîãî-
êîìïîíåíòíûõ âîäíî-ñîëåâûõ ñèñòåìàõ // Èçâ.
âóçîâ. Õèìèÿ è õèì. òåõíîëîãèÿ.– 2015.– Ò. 58,
¹3.– Ñ.42-44.

3. ×å÷óëèí Â.Ë., Ìàçóíèí Ñ.À. Î ïëîñêîñòíîñòè
ìîíî- è íîíâàðèàíòíûõ ðàâíîâåñèé êàê êîëëè-
ãàòèâíîì ñâîéñòâå ìíîãîêðàòíî íàñûùåííûõ
âîäíûõ ðàñòâîðîâ // ÆÎÕ.– 2012.– Ò.82,
¹2.– Ñ.202-204.

4. Ìàçóíèí Ñ. À. Îñíîâû ôèçèêî-õèìè÷åñêîãî
àíàëèçà. ×àñòü 2. Ìíîãîêîìïîíåíòíûå ââîäíî-
ñîëåâûå ñèñòåìû.– Ïåðìü.: Èçä-âî ÏÃÓ,
2000.– 252 ñ.

5. Àçèçîâ Á.Ñ., Ñàôèåâ Õ. Ñ., Ðóçèåâ Ä. Ð. Êîìï-
ëåêñíàÿ ïåðåðàáîòêà îòõîäîâ ïðîèçâîäñòâà àëþ-
ìèíèÿ.– Äóøàíáå: Èçä. «Ýð-Ãðàô», 2005.– 149 ñ.

6. Ñîëèåâ Ë., Äæóìàåâ Ì.Ò., Èêáîë Ã., Äæàááî-
ðîâ Á.Á. Ðàñòâîðèìîñòü â ñèñòåìå Na,Ca//
CO3,HCO3-H2O ïðè 25 îC // Æóðíàë íåîðãà-
íè÷åñêîé õèìèè.– 2017.– Ò.62, ¹9.– Ñ.1254-
1259.

References

1. Mazunin S. A., Chechulin V. L. Vysalivaniye kak
fiziko-khimicheskaya osnova malootkhodnykh
sposobov polucheniya fosfatov kaliya i ammoniya
[Salting out as the physicochemical basis of low-
waste methods for producing potassium and
ammonium phosphates]. Perm, Publishing House
Perm. state nat. researched University, 2012, 114 p.

2. Mazunin S.A., Chechulin V.L. O ploskosti
sostavov nonvariantnykh i monovariantnykh rast-
vorov, ikh pokazatelya prelomleniya v mnogoko-
mponentnykh vodno-solevykh sistemakh [On the
plane of compositions of invariant and monovariant
solutions, their refractive index in multicomponent
water-salt systems].  Izvestiya vysshikh uchebnykh
zavedeniy. Seriya Khimiya i khimicheskaya
tekhnologiya [News of higher educational
institutions. Series Chemistry and Chemical
Technology], 2015, vol.58, no.3, pp.42-44.

3. Chechulin V.L., Mazunin S.A. [Planarity of
mono- and non-variant equilibria as the
colligative property of multicomponent saturated
water solutions]. Russian Journal of General
Chemistry, 2012, vol.82, no.2, pp.199-201.

4. Mazunin S. A. Osnovy fiziko-khimicheskogo
analiza. Chast' 2. Mnogokomponentnyye
vvodno-solevyye sistemy [Fundamentals of
physico-chemical analysis. Part 2.
Multicomponent salt-water systems]. Perm,
Publishing House of PSU, 2000, 252 p.



Башкирский химический журнал. 2019. Том 26. № 4 83

7. Ñîëèåâ Ë. Ïðîãíîçèðîâàíèå ôàçîâûõ ðàâíîâå-
ñèé â ìíîãîêîìïîíåíòíîé ñèñòåìå ìîðñêîãî
òèïà ìåòîäîì òðàíñëÿöèè (êí. 2).– Äóøàíáå:
Øó÷îè¸í, 2011.– 247 ñ.

8. Ñîëèåâ Ë., Õóäî¸ðáåêîâà Ç.Ï., Íèçîìîâ È.Ì.
Ôàçîâûå ðàâíîâåñèÿ ñèñòåìû K2SO4-K2CO3-
KHCO3-H2O ïðè 25 îC // Äîêëàäû Àêàäåìèè
íàóê Ðåñïóáëèêè Òàäæèêèñòàí.– 2016.– Ò.59,
¹5-6.– Ñ.236-240.

9. Ñîëèåâ Ë., Õóäî¸ðáåêîâà Ç.Ï., Íàáèåâ À.À.
Ôàçîâûå ðàâíîâåñèÿ ñèñòåìû Ê,CA//SO4,CO3-
H2O ïðè 25 îÑ // Âåñòíèê Ïåäàãîãè÷åñêîãî
óíèâåðñèòåòà.– 2015.– ¹2-1 (63).– Ñ.23-27.

10. Çäàíîâñêèé À.Á. è äð. Ñïðàâî÷íèê ýêñïåðèìåí-
òàëüíûõ äàííûõ ïî ðàñòâîðèìîñòè ìíîãîêîìïî-
íåíòíûõ âîäíî-ñîëåâûõ ñèñòåì. Òîì 1. Òðåõ-
êîìïîíåíòíûå ñèñòåìû.– Ì.-Ë.: ÃÍÒÈÕË,
1953.– 672 ñ.

11. Çäàíîâñêèé À.Á. è äð. Ñïðàâî÷íèê ýêñïåðèìåí-
òàëüíûõ äàííûõ ïî ðàñòâîðèìîñòè ìíîãîêîìïî-
íåíòíûõ âîäíî-ñîëåâûõ ñèñòåì. Òîì 2. ×åòû-
ðåõêîìïîíåíòíûå è áîëåå ñëîæíûå ñèñòåìû.–
Ì.-Ë.: ÃÍÒÈÕË, 1954.– 595 ñ.

12. Tursunbadalov S., Soliev L. Crystallization and
dissolution in multicomponent water-salt systems
// Journal of Chemical and Engineering Data.–
2017.– Ò.62, ¹10.– Ñ.3053-3063.

13. Tursunbadalov S., Soliev L. Phase equilibria in
the quinary  Na, K//SO4, CO3, HCO3-H2O
system at 75 îC // Journal of Solution
Chemistry.– 2015.– Ò.44, ¹8.– Ñ.1626-1639.

14. Ñîëèåâ Ë. Ôàçîâûå ðàâíîâåñèÿ â ñèñòåìå
Na,K,Mg,Ca//SO4,Cl-H2O ïðè 50 îC â îáëàñòè
êðèñòàëëèçàöèè àñòðàõàíèòà // Æóðíàë íåîðãà-
íè÷åñêîé õèìèè.– 2013.– Ò.58, ¹5.– Ñ.663-667.

15. Àâëîåâ Ø.Õ., Ñîëèåâ Ë. Ôàçîâûå ðàâíîâåñèÿ â
ñèñòåìå Na, K//SO4, CO3, F-H2O ïðè 25 îC//
Æóðíàë íåîðãàíè÷åñêîé õèìèè.– 2007.– Ò.52,
¹10.– Ñ.1714-1718.

5. Azizov B.S., Safiev H.S., Ruziev D.R. Komplek-
snaya pererabotka otkhodov proizvodstva alyumi-
niya [Integrated processing of aluminum production
wastes]. Dushanbe, Er-Graf Publ., 2005, 149 p.

6. Soliev L., Dzhumaev M.T., Ikbol G., Dzhabborov
B.B. [Solubility in the Na,Ca//CO3,HCO3-H2O
system at 25 îC]. Russian Journal of Inorganic
Chemistry, 2017, vol.62, no.9, pp.1245-1251.

7. Soliev L. Prognozirovaniye fazovykh ravnovesiy
v mnogokomponentnoy sisteme morskogo tipa
metodom translyatsii (kniga 2) [Prediction of
phase equilibria in a multicomponent system of
the marine type by the translation method (book
2)]. Dushanbe, Shuchoyen Publ., 2011, 247 p.

8. Soliev L., Khudoyorbekova Z.P., Nizomov I.M.
Fazovyye ravnovesiya sistemy K2SO4-K2CO3-
KHCO3-H2O pri 25 oC [Phase equilibria of the
K2SO4-K2CO3-KHCO3-H2O system at 25 îC].
Doklady Akademii nauk Respubliki
Tadzhikistan [Reports of the Academy of
Sciences of the Republic of Tajikistan], 2016,
vol.59, no.5-6, pp.236-240.

9. Soliev L., Khudoyorbekova Z.P., Nabiev A.A.
Fazovyye ravnovesiya sistemy Ê,CA//SO4,CO3-
H2O pri 25 oC [Phase equilibria of the Ê,CA//
SO4,CO3-H2O system at 25 îC]. Vestnik Pedagogi-
cheskogo universiteta [Bulletin of the Pedagogical
University], 2015, no.2-1(63), pp.23-27.

10. Zdanovsky A.B. et al. Spravochnik eksperimental'-
nykh dannykh po rastvorimosti mnogokomponent-
nykh vodno-solevykh sistem. Tom 1. Trekhkompo-
nentnyye sistemy [Handbook of experimental data
on the solubility of multicomponent water-salt
systems. Volume 1. Three-component systems].
Moscow-Leningrad, GNTIHL Publ., 1953, 672 p.

11. Zdanovsky A.B. et al. Spravochnik eksperimental'-
nykh dannykh po rastvorimosti mnogokomponen-
tnykh vodno-solevykh sistem. Tom 2. Chetyrekh-
komponentnyye i boleye slozhnyye sistemy
[Handbook of experimental data on the solubility of
multicomponent water-salt systems. Volume 2.
Four-component and more complex systems].
Moscow-Leningrad, GNTIHL Publ., 1954, 595 p.

12. Tursunbadalov S., Soliev L. [Crystallization and
dissolution in multicomponent water-salt
systems]. Journal of Chemical and Engineering
Data, 2017, vol.62, no.10, pp.3053-3063.

13. Tursunbadalov S., Soliev L. [Phase equilibria in
the quinary Na, K//SO4, CO3, HCO3-H2O
system at 75 îC]. Journal of Solution Chemistry,
2015, vol.44, no.8, pp.1626-1639.

14. Soliev L. [Phase equilibria in the Na,K,Mg,Ca//
SO4,Cl-H2O system at 50 îC in the astrakhanite
crystallization region]. Russian Journal of Inorganic
Chemistry, 2013, vol.58, no.5, pp.585-589.

15. Avloev Sh.Kh., Soliev L. [Phase equilibria in the
Na, K//SO4, CO3, F-H2O system at 25 îC].
Russian Journal of Inorganic Chemistry, 2007,
vol.52, no.10, pp.1612-1616.


