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PaccmarpuBaioTcst pesyJ/ibTathl omnpejenenus ¢a-
30BBIX PAaBHOBECHil HAa reOMeTpHYECKHX 06pasax
[PUBEJIEHHON CUCTEMBI C MOCTEAYIONHM TT0CTPOe-
HueM ee (a3oBOil AMArpaMMbl METO/OM TPAHCJISI-
. MeToj nepeBojia cJelyeT U3 NPUHIUNA CO-
BMECTHMOCTH CTPYKTYPHBIX 3JieMeHTOB 7 u n+1
KOMITOHEHTHBIX CUCTEM Ha OJHOW Juarpamme. ITO
MO3BOJISIET TIPOrHO3UPOBATh (Pa3oBble PABHOBECHS
B n+1-KOMIIOHEHTHOII CHCTEMe HA OCHOBE [AHHBIX O
(hasoBbIX paBHOBECHSIX B 7-KOMIIOHEHTHBIX CUCTEMAX
U CTPOUTH MX (DA30BYyI0 AMArpaMMy. Y CTaHOBJIEHO,
4TO nccyaeryeMas cucreMa mpu 25 °C xapaKkTepu3syerT-
Cs1 HAJIMYMeM > HOHBAPUAHTHBIX TOYeK, 16 MOHOBa-
PHAHTHBIX KPUBBIX U 18 AMBApUAHTHBIX MOJIE.

Key words: JAUBapUaHTHOE TI0JI€; METO/] TPaHCJIA-
; MOHOBapUaHTHaA KpUBasd; HOHBapuUaHTHasA TOY-
Ka; (baBOBaH JarpamMma; Q)aBOBbIe PpaBHOBeECHUA.

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 !.

Hara nocrynienus 01.08.19

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 °C 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.

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=% 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
58 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,Ca//SO,COs3,F-H,O at
25 °C. 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 K;SO4-K,CO3-KF-H,0;
CaSO,-CaCO3-CaF,-H,0; K,Ca //SO,,F-H,0;
K,Ca//S0O4CO3-H,O and K,Ca//COg,F-
H,0, which are described in articles ?.

In turn, the description of these four-
component systems is based on the experimental
data of the corresponding three-component
systems %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 1213,

Results and its discussion

Physico-chemical properties of the studied
five component system K,Ca//SO,,COs3,F-H,0
are obtained by the corresponding translation of
data on phase equilibria at non-invariant points
of the following four component systems:
K2SO4*K2C03*KF*H20; CaSO4—CaC03—CaF2—

H,0; K,Ca //SO,,F-H,0; K,Ca //SO,,CO3-
HQO and K,Ca //COg,F-HQO 9.

Figure 1 shows the «Disclosure» of the salt
part of the phase equilibrium diagram of the
five-component system K,Ca//SO,,CO3,F-H,0O
at 25 °C 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.
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Fig. 1. Schematic diagram of the phase equilibrium of
the system K,Ca/ /SO,,CO3;,F-H,O at 25 °C 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 1% 1

Ar — Arcanite Ky,SOy;

Kb — carobiitis KF; K-1.5-K,CO5-1.5H50;

Cs — Calcite CaCOsg;

Fo — Fluorite CaF,; K-Ca-K,CO3-CaCOs;

Sn — syngenite K,SO4-CaSO,4H,0;

Gp — gypsum CaSO,4-2H,0.

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 '% 15 of
the isotherm at 25 °C for the system K,Ca//
SO,,CO3,F-H,0, which is shown in fig. 2.
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Fig. 2. The salt part of the schematic diagram of
phase equilibria in the system K,Ca/ /SO,, CO;, F-
H,O at 25 °C 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:

E,*+E,* +E¢*>E;°>= Kb + Ar + K-1.5 + Sn;
E24+E54 +E74%E25 = Gp + Fo + Cs + SH,
E;*+Ey*>Es’= Kb + Fo + K-Ca + Sn;
Eg*+E *>E = K-1.5 + K-Ca + Kb + Sn;
Eo*+E*>E5’>= Cs + K-Ca + Fo + Sn.

As you can see, of the five nonvariant points
level pathcomponents composition of two (Ej*-
E5°) formed by a triangular cross-cutting and
three (E{°>-E,”) as a result of bilateral pass-
through broadcast 4. 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 1> phase diagram of the

system K,Ca//SO,,CO3,F-H,0 at 25 °C, 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,Ca/ /S0, COj3,F-H,0
at 25 °C at the level of a five-component composition.

The analysis of the constructed diagram
shows that the system under study at 25 °C 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:

E1S —_— E4S = Kb + K-1.5 + SD,
E25 — E55 =Cs + Fo + Sn;
E;> — E;° =Kb+K-Ca + Sn;
E;> — Es® =Fo+K-Ca + 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,Ca//S0,4,C0O3,F-H,0 at 25 °C
at the level of the four-component composition

Nonvariant Phase composition of Nonvariant | Phase composition
points precipitation points of precipitation
System K2S04- K2CO3- KF-H20 System K,Ca //S0O4,C0O3-H20
Eq’ Kb + Ar+K1.5 Ee' Ar + K-1.5 + Sn
System CaS04-CaC Os- CaF2-H20 E7 Gp + Cs + Sn
B ] Gp +Cs + Fo Es K-1.5 +K-Ca + Sn
System K,Ca //SO4,F-H20 Eg' K-Ca+ Cs +Sn
E;” Kb + Fo + Sn System K,Ca //CO3,F-H,0
Es' Kb + Ar + Sn Eo' K-1.5 + Kb + K-Ca
Es® Fo + Gp + Sn Eq1" K Cs +Fo + K-Ca
Eig' Kb +Fo + K-Ca

of the system K,Ca//S0,4,C03,F-H,0 at 25 °C, found by the translation method

The list and contours of the divariant fields

Solid phases The contours of the fields in the Solid phases The contours of the fields
of divariant fields diagram (Fig.3) of divariant fields in the diagram (Fig.3)
Ar+Kb B oo > Es K-1.5+ Sn E4 ____________ . E5
E; g 6 1
1
1 4 5
L T Ty Yl | Lgeeemeaaaaaa >
E; 8 E,
Ar+K-1.5 4 5 Sn+Cs 4 o e >
El ____________ >4E':|_ E7 5
H 2
1
E4 : g ——————————— > E5
=== m - 5
K-1.5+Kb 4 5 K-1.5+K-Ca 4 5
________________________ >
E; >E1 E i
| |
1
1
4 e > 5 f mmmmm e ——— 1
ElO E4 E8
Gp+Fo K-Ca+ Sn
p E4 ____________ > E5 F4 ____________ > 5
2 Iy 2 8 4
1
| 4 5
ES o y Eqg---~E 3
Gp+Cs K-Ca+Cs
P Ej =mmmmmmanae > E3 Ed===mnmmnmmmm >ES
A L 4
1 1
| 4 :
| Y D )i SRS ——
E14 ______________ ! 11 !
Fo+Cs 4 5 K-Ca+Kb 4 5
Ey=mmnmmmmmee- > fz Ejgm=mnmmmmm-- >k,
‘ 4
4 5 E]_2 ----------- +»> 15
Ell ——————————— -»> E5 E3
Sn+Fo 4 5 K-Ca+Fo 4 5
E3 ----------- >E'?’ Ell ____________ > 5
4 5 | 4 5
E E E E
5————p L2 5 12 e meee e 3
E; >
Fo+ Sn 4 Ar+ Sn 4
............ 5 mmmmmmmm———— 5
E4 > ) E4 > l;l
1
1
4 i
5 i
3 - E P
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The analysis of the constructed diagram of
phase equilibria of the system K,Ca//
SO,4,CO3,F-H,O at 25 °C shows that in the
formation of its geometric images, from 8
individual equilibrium phases, the most part is
taken by the syngenite (Sn) K,SO,-CaSO,-H,O0.
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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4 Lg Eg
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Fig. 4. Fragment of schematic diagram of phase
equilibria of system K,Ca//S0O,;,CO3;,F-H,0 at 25
°C in the region of syngenite paragenesis
(K,S0,-CaS0O,H,0) with other phases.
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In total, the system K,Ca//SO,COs3,F-
H,0 at 25 °C 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:

Geometric sort The functionality of the system

A B
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.
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