Q

-

COMPORTAMENTO E NATUREZA DA DESINTEGRA(}AO DE
SOLUGOES SOLIDAS BASEADAS EM SULFATOS DE SODIO E CALCIO r’t :
EM SISTEMAS DE SULFATO TERNARIO .

FEFRLCH

BEHAVIOUR AND NATURE OF DISINTEGRATION OF SLID
SOLUTIONS BASED ON SODIUM AND CALCIUM SULPHATES IN
TERNARY SULPHATE SYSTEMS

NOBEAEHUE N XAPAKTEP PACMNAOA TBEPAIbIX PACTBOPOB HA OCHOBE
CYINIb®ATOB HATPUA U KANbLUUA B TPOUHBIX CYJIb®PATHBLIX CUCTEMAX

GASANALIEV A.M."; GAMATAEVA B.Yu.?; GASANALIEVA P.N.2; GAMATAEV G.S%; TRUNIN A.S.**

' Dagestan State Pedagogical University, Research Institute of General and inorganic chemistry, Republic of
Dagestan, 367003, Tsadasy str., 70a, apt.17, tel.:+7-903-469-33-34, e-mail: abdulla.gasanaliev@mail.ru,

2 Dagestan State Pedagogical University, Research Institute of General and inorganic chemistry, Republic of
Dagestan, 367003, Yaragsky str., 57, tel.: +7-906-446-73-69, e-mail: gamataeva.bariyat@mail.ru,
P_Gasanalieva@mail.ru

3 Samara State Technical University (SamGTU), Samara, 443100, Molodogvardeiskaya str., 244,
tel.: +7-937-985-8095 e-mail: trunin.as@samgtu.ru

* Autor correspondente
e-mail: abdulla.gasanaliev@mail.ru

Received 04 October 2016; received in revised form 15 December 2016; accepted 19 December 2016

RESUMO

Informacao sobre a formacgao de fases em sistemas fisico-quimicos complexos é a base para a sintese
de novas fases e, portanto, de base légico-informacional para o desenvolvimento de novos materiais
polifuncionais. Foi estudado pela primeira vez um conjunto de sistemas ternarios contendo sulfato utilizando um
sistema de métodos para andlise fisica e quimica, tais como analise térmica diferencial (DTA), analise visual-
politérmica (VPA). Identificou-se a natureza de solugbes sdlidas a base de Na,SO,~CaSO, ; Os valores dos
campos de forca foram calculados pela formula de Goldschmidt. Determinou-se a influéncia do terceiro
componente (M.SO. (M-Li,K,Rb,Cs,TI(I)) sobre o comportamento e desintegragdo dessas solugdes solidas.

Palavras-chave: Sistema, diagrama, equilibrio de fase, solugcdo sélida, desintegracdo de solugbes solidas,
sulfatos, campos de forga, raio ibnico..

ABSTRACT

Information on phase formation in complex physical-chemical systems is the basis for the synthesis of
new phases and thus informational-logical basis for the developing of new polyfunctional materials. For the first
time set of sulfate-containing ternary systems was studied using a complex of methods for physical and
chemical analysis, such as differential thermal analysis (DTA), visual-polythermal analysis (VPA). The nature of
solid solutions based on Na,SO,-CaSO, was identified; the values of force fields were calculated by
Goldschmidt’s formula. The influence of the third component (M.SO4 (M-Li,K,Rb,Cs,TI(l)) on the behavior and
disintegration of these solid solutions was determined.

Keywords: System, diagram, phase equilibrium, solid solution, disintegration of solid solutions, sulphates, force
fields, ionic radius.
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AHHOTauus

BI'IepBbIe C TnpuMeHeHnem KoMmnriekca MeTon0B C*)VI?MKO-XVIMVI‘-IGCKOFO aHanmsa,

B 4aCTHOCTU

onddepeHuymnansHoro Tepmundeckoro (OTA), BusyanbHo-nonu Tepmudeckoro (BIA) aHanui3oB u3ydeH psig
cynbarcoaepalimx TPOVHbIX cuctem. BoigsBneH xapaktep TBepAbix pacTBopoB Ha ocHoBe Na.S0,—CaSO;.
BblYMCMEHbl 3HAYeHWs CunoBbIx nonen no dopmyne [onbawmuara. OnpegeneHo BRUSIHUE TpeTbero
komnoHeHTa ((M2.SO4 (M-Li,K,Rb,Cs,TI(l)) Ha noBegeHne n pacnag 9Tux TBepabiX pacTBOPOB.

KnioueBble cnoBa: cucmema, cxema, ¢hasa pasHosecusi, meepobili pacmeop, pacrnad meepdbix pacmeopos,

cynbghamos, cusnosbix rnosed, UOHHbIU paduyc.

INTRODUCTION

The tendency to complex formation, more
precisely, to the formation of double salt type
compounds when crystallizing from the melts in
dual systems with a common anion, increases, as
a rule, with the increase in charge and decrease
in the radius of a single cation, and thus, with the
decrease in charge and increase in the radius of
the other cation (Reshetnikov 1964).

As a rule, the interaction in the ternary and
more complex systems depends largely on the
nature of interaction in their limiting elements
(dual systems) (Bazarov et al.,2006; Bergman et
al.,, 2013). One might list a large number of
multicomponent systems, which double sides are
eutectic, and, as a consequence, the emergence
of eutectic inside multicomponent systems is a
normal event (Gasanaliev etal.,, 2016;
Akhmedova & Gamataeva 2012). However, a
series of works performed by A.G. Bergman’s
school of physical-chemical analysis showed that
multicomponent sulphate systems were often far
more complex than one might expect based on
the nature of interaction of dual system phase
diagrams (Gasanaliev et al., 2015; Gasanaliev et
al., 2016; Gasanaliev 1970).

In particular, when analyzing
Na,Cal//SO4,POs ternary reciprocal system, the
crystallization fields of new phases, which were
the products of disintegration of solid solutions
based on sodium and calcium sulfates under the
influence of a third component, in this case,
sodium metaphosphate, were detected on the
state diagram.

The stability analysis of solid solutions was
performed on the basis of calculating the ratio of
sodium and calcium cation force fields (E), which

is equal to 0.53 that was calculated by
Goldschmidt’s formula (Smith 1961):

(Eeq = mEM‘l + (1 - m) EMZ;

where: m —fraction of one of the

components, M; — cation.

This circumstance implies the presence of
solid solutions in the system that corresponds to
reality, but the proximity of this value to the
boundary one (i.e., to the value of 0.5) suggests
possible inversion of properties in the system.
This may occur both in the solidus range in case
of temperature decrease and on the liquidus
curve in the ternary system under the influence of
a third component when the influence of two
factors such as lowering of temperature, as well
as the ratio of the force fields of the third
component ions, potassium sulfates, rubidium,
cesium and univalent  thallium occur
simultaneously. All of this necessitated
systematic study of the influence of the third
component properties on the interaction nature in
the ternary sulfate systems.

EXPERIMENTAL PROCEDURE

The study of Na,Ca,M//SO, (M-Li,K,Rb,Cs)
ternary system phase diagrams was carried out
using the methods of visual-polythermal analysis

(VPA), differential thermal analysis (DTA),
thermogravimetric analysis (TGA) and
derivatography.

Pt-Pt/Rh-thermocouple served as a
temperature sensor on VPA plant, its thermal
electromotive force was measured by a
millivoltmeter with M1109 mirror reflector. The
cold junctions of thermocouples were
thermostated at 0°C in Dewar's vessel with a
melting ice.
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DTA curves were recorded at the plant
assembled on the basis of KCI1-4 -electronic
automatic potentiometer with an amplifier of the
thermal electromotive force of differential
thermocouple using ®-116/7 optoelectronic
amplifier. The samples were placed in the
platinum microbowls of 1ml capacity, Pt-Pt/Rh-
thermocouples served as a temperature gauge,
and freshly incinerated Al.Os; of "analytical-
reagent grade" qualification was used as an inert
substance. All measurements were performed in
the argon atmosphere.

Thermogravimetric analysis was
performed by STA 409 PC derivatography
(NETZSCH company, Germany).

RESULTS AND DISCUSSION

Ternary sulphate systems were studied in
order to clarify the stability behavior of solid
solutions based on Na,SO4-CaSO,. Alkali-metal
sulfates were used as a third component.

Li,Na,Ca//SO, ternary system

The system liquidus surface was studied by
the above-mentioned methods of physical-
chemical analysis. 18 internal cuts that made it
possible to outline the system liquids surface
were studied to outline the surface. The liquidus
surface consisted of 5 crystallization fields
belonging to three primary components and two
binary compounds (Fig. 1). Characteristics of
nonvariant points are presented in Table 1. The
experimental data showed that solid solutions
based on sodium and calcium sulphates do not
disintegrate within the ternary system with the
addition of lithium sulphate.

Na,K,Cal//SO, ternary system

To outline the liquidus surface, 15
internal cuts were experimentally studied. The
above-mentioned cuts allowed to outline the
liquidus surface of the ternary system, which
consists of two congruently melting compounds
of K:S04+2CaS0, and 2K,S0,4+3CaS0, as well as
the field of primary components. X-ray phase
analysis of the resulting compounds showed that
the compounds had a particular nature for each
compound. The solid solutions maintain their
stability in this system and they do not
decompose while adding a third component.

System meltability diagram is shown in Fig. 2.
The characteristics of nonvariant points are
presented in Table 1.

Na.S0:-Rb.S0,-CaSO, ternary system

Due to the complexes of physical-
chemical analysis methods it was possible to
study this system. The system is characterized by
formation of new compounds. The system
liquidus surface consists of seven crystallization
fields of primary components and binary
compounds (Fig.3). The emergence of new
compounds is of special interest. On the one
hand, this can be explained by the formation of
limited solid solutions based on disintegration of
solid sodium and calcium solutions under the
influence of a third component, in particular,
rubidium calcium sulfate compound. On the other
hand, this can be explained by Rb,S04+2CaSO,
polymorphic differences.

The results of X-ray phase analysis
showed the individuality of the identified
compounds. The characteristics of the system
nonvariant points are presented in Table 1.

Na.S0,-Cs.S0,-CaS0O, ternary system

This ternary system was studied via 13
internal cuts that made it possible to outline the
liquidus surface of the system itself. Two new
incongruently melting compounds were revealed
inside the system. These compounds are
adjacent to the double side of sodium and cesium
sulfates. Double solid solutions of a dual system
of sodium and calcium sulfates disintegrate when
a third component, i.e., cesium sulfate, is added.
The decay curve is wedging out at the point R -
588°C. These results of the experimental data are
confirmed by calculations regarding ionic radii
that limited solid solutions disintegrate in this
system.

It seemed interesting to study the
influence of specific properties of each of these
cations (Li*,K*,Rb*,Cs") on the nature of solid
solutions based on sodium and calcium sulfates.
Moreover, the force field values of all of these
cations was possible to calculate in order to
determine at least a qualitative relationship
between the ratio of the third component (M.SO,
(M-Li,K,Rb,Cs) force field and the force field ratio
value of the original dual system of sodium and
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calcium sulphates based on which the limited
solid solutions are formed. There should be a
dynamic  equilibrium  between like-charged
cations, which are oriented and spaced apart at
well-defined distances inversely proportional to
the values of interaction fields of all three cations
in the ternary systems with a common anion in
terms of electrostatic representations. It is easy to
imagine that the orientation and relative
positioning will vary depending on the cation
mutual concentration. For the case of ternary
system, the interaction of force fields can be
represented as an interaction of two charges, one
of which is the component and the other one is
replaced with the equivalent field of the
compound under consideration. Under these
circumstances, it is possible to extend the known
relationship between the force field ratios of two
cations and complex formation nature in the dual
systems with a common anion to the ternary
systems. For example, intersecting the ternary
system in the usual manner, as is taken during
carrying-out epy thermal analysis, the equivalent
of the analyzed compound force field is
calculated. The value of the ratio of cations
calculated force field of an intermediate
compound to the third component force field
value is then determined. It is possible to propose
the interaction nature of substances in the area of
this section based on the value of this ratio.
Na,Ca,M//SO, (M-Li,K,Rb,Cs) ternary sulfate
systems were studied as real-life objects for
verification of this hypothesis.

The force field total value for 20CaSQO, —
80Na,SO, compound, which corresponds to the
maximum on the curve of solid solutions in
Na,Ca//SO, binary system, is calculated
according to Goldschmidt’s formula.

Eeqw = (20Eca + 80Ena) = 0.2 x0.447 + 0.8
x1.04 = 0.923 of the cation force field value (E. =
1.64; Ena = 1.04; Ex= 0.565; Ero= 0.448; Ecs =
0.366; E7=0.45; we shall calculate the ratio of
the equivalent value of the cation force field (Ecq/)
of the chosen compound in Na,Ca//SO, system to
the force field values of (Ew) cations (M-
Li,K,Rb,Cs) of the third components (M.SO,) in
Na,Ca,M//SO, ternary systems according to the
following equation (Table 2):

W=EequEmi.

It is difficult now to judge the versatility of
this methodology, the analysis of experimental
data on phase equilibria and the calculations
based on ionic radii is indicative of the qualitative
convergence  of  calculations  with  the
experimental results.

The presented set of ternary systems
obviously demonstrates the influence of a third
component (different cations) on the behavior
and nature of disintegration of solid solutions
based on sodium and calcium sulfates.

CONCLUSIONS

When studying complex multicomponent
systems, the major role is played by diagrams of
double system meltability. When studying double
systems from sulfates of alkaline and alkali-earth
metals on the double side of Na2S04-CaSO4
limited solid solutions were found. These solid
solutions maintain their stability and do not
disintegrate in all triple.

Due to experimental data and
calculations with the use of ionic reduce values
and Goldshmidt's formulas, the character of solid
solutions and their disintegration under the
influence of the third component was proved for
the first time. All this allows to reduce significantly
the time for the study of multicomponent systems
at preliminary planning of an experiment.
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Table 1. Characteristics of system nonvariant points

System Nature of | tmet,° Equivalent compound % Equilibrium solid phases
no;;;?:nt C Li>SOs [Na,SO, |K:SOs4 |Rb,SOs Cs,SO,s |CaSOs
Li,Na,Ca//S E 554 60 33 - - - 7 Li2SO4, Na2S0O,, CaSO4
O4 P 565 53,5 38,5 - - - 8 N82804, CaSO4, N62C3(804)2
R 604 51 44 - - - 5 LizSO4, Nast4, LizNa4(SO4)3,
Nazca(SO4)z
K,Na,Cal/lS P4 814 - 9 50 - - 41 KoSO4, KsCas(SOs)s, K2Caz(S04)s
04 Pz 772 - 21 39 - - 40 KzSO4, K2C32(804)3, CaSO4
E 750 - 34,5 26,5 - - 39 K2S04, Na2S04, CaSO4
Rb,Na,Ca//S P4 724 - 37,5 - 43 - 19,5 Rb.S04,S1,S3
O, P- 690 - 46 - 29 - 25 S1,55,S4
Ps 860 - 25 - 34 - 41 S1,82,8,
P4 860 - 29 - 23 - 48 CaSO0s, S,,S.
Ps 738 | - 50 - 15 - 35 CaSO0., Na,Ca(SOx)s, Sa
E 670 | - 55 - 27 - 18 Na,Ca(SOa), Ss, Ss
Cs,Na,Cal// P+ 626 - 27 - - 50 23 Cs2S04, CaS04, Na:Ca(S0s):
SO. P 630 - 45 - - 49 6 Cs2S04, NazCs2(S04).,
Na>Cs4(SOa)s
E 562 | - 40 - - 43 17 CaSO0s, Na;Csy(SOx),,
NazCa(SO4)2
R 588 - 50 - - 31 19 NazSOs, Na:Cs2(SOa)s,
NazCa(SO4)g
Designations: 81 - B-szSO4'2C3804, Sz - G-Rb2804'2caSO4, S3 - szSO4'NaQSO4, S4 - Y-
szSO4'anSO4.
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Table 2. The ratio of cation force field equivalent to the value of the third component force fields

Ternary system Ewi w Stability analysis of limited substitution
(Eeqv/Emi) solid solutions in the section
Cao.2NaosS0s— M,
Li,Na,Ca//SO, Ei=1.64 0.56 Solid solutions do not disintegrate
K,Na,Ca//SO, Ex= 0.565 1.62 The section under consideration has the
nature of quasi-binary system with non-
disintegrating solid solutions
Rb,Na,Ca//SO, Erp=0.448 2.05 There is a crystallization branch of
incongruently melting compounds of
rubidium and sodium sulphates in the
system.
Cs,Na,Ca//SO, Ecs = 0.366 2.5 Makes it possible to assume the existence
of crystallization fields of new compounds.
2.01 Additional calculations for the section of the

compound 80% Na,S0,+20% Cs.SO4 per
calcium sulfate. This value is indicative of
disintegration that corresponds to the truth

Il " e v Vv
584

D VI VIIp VI I1X X Na:S0.
608 638

Figure1. Li Li,Na,Ca//SO4 system meltability diagram
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Figure 3. Rb,Na,Ca//SO4 system meltability diagram
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Figure 4. Na,Cs,Ca//SO4 system meltability diagram
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