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Relations were derived correlating equilibrium data of solid and liquid phases in systems with 
components forming solid solutions. The equation has been applied to the system K B r - K C l - H 2 0 
at 25, 30 and 35°C. Data for 25 and 35°C were taken from literature, for 30°C they were obtained 
experimentally. The derived relations are with a reasonable accuracy expressing the equilibrium 
compositions of the liquid and solid phases. 

Relations were derived in recent publications on which basis the calculation of the 
equilibrium composition of phases in a three-phase system formed by two salts and 
one solvent is possible1'2. In comparison to the graphical evaluation, the numerical 
calculation is advantageous for data tabulating, solution of material balances, and 
calculation of derived values (e.g. the coefficient of solubility in dependence on 
temperature) as in these cases the algorithm of calculation is of considerable complexity 
due to the reading of data from the graphs. 

For saturated solutions of soluble compounds the concentration region is reached in which the 
present state of theory does not enable calculation of chemical potentials and the exact thermo-
dynamic procedure cannot be used for calculation of the phase equilibria. For numerical calcula-
tion under these conditions it is advantageous to start from the exact thermodynamic relations 
defining the equilibrium and to substitute the calculation of activities by the empirical development 
of relative activity coefficients3 '4 which is also applicable for cases where the components of the 
system form solid solutions2 '4. 

In this study the published relations are generalized and verified by a suitable 
aqueous system of two salts with the same cation forming solid solutions. 

THEORETICAL 

Simultaneous crystallization of components at formation of a solid solution takes 
place in a way similar to isomorphous coprecipitation. From four groups into which 
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Hahn has subdivided the mechanisms of co-crystallizations, just the isomorphous 
coprecipitation is best described5'6. The mechanism of establishing the equilibrium 
in the system which forms solid solutions is at best expressed by the distribution law6, 
where it is assumed that ions of both components are at crystallization in steady 
equilibrium with the ions inside the crystal. The relations given in the quoted paper 
are of course suitable only for simultaneous precipitation at small concentration 
changes where activities can be approximative^ substituted by concentrations. 

From the condition of equality of chemical potentials of individual components 
in both equilibrium phases for the case in which a mutual interaction of two types 
of molecules of the dissolved non-electrolyte and the solvent takes place in the 
solution, the relation 

log (xjyi)=q>t [T, P sat] (/) 

was derived2 where — m-J mi0 is the relative molality of the i-th component in 
the liquid phase and is the molar ratio of the same component in the equilibrium 
solid phase. If solutions of strong electrolytes are considered, it is advantageous to 
use for description of the behaviour of the system the mean molality7 

m . ± = mi(v|Vv]'L-)1/Vl = (m]++w*j!_-)1/V| (2) 

Eq. ( l ) then becomes 

Vi"1 [(vi + log m; + + V; _ log mx _)/(vi + log m i 0 + + vs _ log m i 0 _)] = 

= <Pi + log yt . (3) 

If all dissolved compounds have the same cation, then it holds 

k 
mi+ = Z v j + m i / m i - = v i - m i w i = 1 

and Eq. (5) becomes 

Vi"1 log [ ( Z ( V i - m ^ - (vjWio) -Vj+ (v.m.o)"^-] = 
i = 1 

= (pi + log yi. (5) 

In the three-component system the last relation is simplified to 

v^"1 log [Oq + x 2 m 2 0 /m 1 0 ) V l + x\l~] - log yt = cpy (6) 
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(for common anion, the sign in indices changes). The molar ratio yi± = (y]V J7!1-")1'1'1 

can be, for the case with all components in the solid solution having the same cation 
expressed by use of the relations = v 1 + j 1 / ( v 1 + + + v2_.y2) a n d 

+ + v2_y2) so that e.g. for the uniunivalent electrolytes 
(v1+ = v2 + , = v2_, v1 + = Vi_) there results 

i l o g [ ( * i + x 2 m 2 0 l m 1 0 ) x j - } l o g ( y j 4 ) = cpx . ( 7 ) 

The three-component system with two phases has only one degree of freedom at 
a constant temperature and pressure, which means that by choosing the concentration 
of one component all other concentrations are defined. After introduction of the 
relation = y2 = 1 are only 3 Eqs for 4 unknowns available so that by selecting 
one of the variables the others can be calculated. The disadvantage is the tedious and 
time-consuming solution of a system of transcendental equations. Thus the function 

has been defined2 which describes relations in the liquid phase 

= i log + x 2m 2 0 /m 1 0)] > W 

= i l o g [ * 2 ( x 2 + X i m 1 0 / m 2 0 ) ] 

and both functions cp and can be then expressed in the form of a power series 

n 

<pi = ' ( 9 ) 
/)= 1 

= t c n i m % i . (10) 
n= 1 

EXPERIMENTAL 

For determination of phase equilibrium analytical grade reagents KC1 and KBr (Lachema) and 
redistilled water were used. 

The samples were weighed in 150 ml flasks closed with rubber stopper and were kept at constant 
temperature in the steel bath with the capacity of about 120 1. The vessel was heated by 2 sub-
merged heaters equipped with contact relay. The relay was controlled by a contact thermometer, 
the accurate setting was made by use of the mercury thermometer controlled according to the 
standard. The temperature in the vessel was kept constant with the accuracy ±0-15°C. The 
content of the vessel was mixed by the revolving holder with sampling flasks. By revolving the 
flasks a good contact of both phases has been reached and made the dissolving easier. 

The equilibrium time, i.e. the time necessary for reaching the equilibrium has been found by 
weighing 2 sets of 10 samples4 '1 1 each with the initial composition of 35 g KBr — 20 g KC1 — 
55 g H 2 0 . The first half of samples was prepared so that KBr was dissolved, the sample had been 
kept overnight and then KC1 was added; the procedure was reversed with the second set. From the 
graphical plot of dependence of composition on the time is obvious that equilibrium has been 
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reached practically in 12 days. Samples for determination of phase equilibrium were taken after 
20 days. Sampling was made by the method described earlier4. 

For determination of chlorides and bromides in the same sample was used, after testing of 
4 methods, the direct titration of AgNOa with the potentiometric indication. The Silver electrode 
was used as indicator with the calomel electrode7 '8 as reference. 

The effect of rough, random errors was eliminated by preparing always two samples at the 
same time. Dissolving of the components in the reversed sequence has enabled to determine the 
imperfect steadying of equilibrium for each sample. To be able to compare the results of 2 parallel 
samples, the dissolved components have to be weighed with an accuracy of 10" 3 g; water with 
an accuracy of 0T g. The point of equivalency on the titration curve was performed according to 
the isoplane method8. 

RESULTS AND DISCUSSION 

By the described method, 8 points on the equilibrium curve were determined always 
simultaneously in two samples. The experimental results and the procedure of cal-
culation are given in Table I together with data for 25 and 35°C taken from literature. 

Interaction coefficients in Eqs (13) and (14) were evaluated by combination of the 
graphical and numerical procedures. As this procedure is rather cumbersome a pro-
gram was set for the Cellatron computer. For individual temperatures the following 
correlation relations were found: 

For temperature 25°C: 

<2>i = — 0-0160m2 + 0-0035m^ - 0-0049m2 

<p2 = - 0 - 0 0 8 0 m \ 

(pi = -0-035m2 + 0-0015m2 + 0-0036m| (11) 

q>2 = -0-0008mx - 0-0063m? + 0-0025m\ 

log^i = -0-0250m2 + 0-0040m2 - 0-0170m2 

log y2 = -0-0015W! - 0-0034m? - 0-0050m3 

For temperature 30°C: 

= - 0-0016m2 + 0-0045m2 - 0-0049m2 

$2 = — 0-0020mx - 0-0034m? - 0-0003m5 

<P 1 = -0-0010m2 - 0-0015m2 + 0-0038m2 

(Pi = —0-0032m1 - 0 •0040m i + 0-0025m? 

log yi = 0-0280m2 + 0-0098m2 - 0-0210m2 

log y2 = 0 0044m! - 0-0198mJ + 0-0020mi . 

(12) 
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For temperature 35°C: 

= -0 -0160m 2 + 0-0058m2 - 0-0049m2 

<p2 = - 0 - 0 0 9 0 m i - 0-0042m? 

(p1 = - 0 -0010m 2 - 0-0017m2 + 0-0036m2 

(p2 = - o - o o 5 5 m ! - 0-0020mJ + 00010m? 

log = —0-0300m2 + 0-0150m^ - 0-0174m^ (13) 

(for mx = 5-80 - 4-28) 

\ o g y 2 = -O-OOTOm! - 0-0044m? - 0-0020w? 

(for m2 = 5-24-3-00) 

If the interaction coefficients in the above given equations are known, a selection 
of a single concentration in the solid or liquid phase enables the calculation of the 
remaining three concentrations. 

By arranging Eq. (8) the quadratic Eq. can be obtained e.g. 

A + — *2 - 10*2 = 0 , (14) 
"ho 

which can be solved in the usual way. 
The system K C l - K B r - H 2 0 was described for temperatures 25 and 3 5 ° C 9 - 1 2 , 

mostly as the composition of the liquid phase only. For 30°C the solubility data 

TABLE I 

Experimental Data on System Composition at 30°C 

a1 a2 w1 w2 
g/lOOg g/lOOg x2 yt y2 

H , 0 H , 0 W t / o W t / o 

41-62 0 
34-29 6-66 
28-05 11-45 
24-30 13-40 
20-00 16-05 
14-03 18-82 
9-42 21-88 
0 26-51 

1-000 0 
0-8146 0-3126 
0-6504 0-5246 
0-5472 0-5962 
0-4387 0-6957 
0-2931 0-7769 
0-1924 0-8828 
0 1 

100 
1-89 98-11 
14-00 8600 
16-33 83-67 
39-19 60-81 
59-20 40-80 
88-70 11-30 

00298 0-9702 
0-2260 0-7740 
0-2376 0-7624 
0-5071 0-4929 
0-6985 0-3015 
0-9261 0-0739 
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were not found. The data taken from literature for 25 and 35°C were correlated in the 
same manner as our own experimental data for 30°C. The results of correlations are 
summarized in Table II. The calculated compositions of the solid phase at 30 and 35°C 
are in a good agreement with the experimental data. The maximum deviation is 
Ay = 0-0375 which corresponds to the maximum error of 4%. At 25°C the data 
are more scattered with a greater maximum deviation Ay = 0-0843. In the liquid 
phase, the experimental data were correlated satisfactorily by the used equations 
with the exception of the smallest concentrations. With low concentrations the error is 
largely due to inaccuracy in the analytical method or to reading off the values from 
the graph. For temperatures 25 and 30°C, the derived relations hold for the whole 
concentration range, for 35°C they can be also satisfactorily used for concentrations 
larger than 0-2 mol/kg. 
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