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Abstract

For the equilibrium solid phases occurring in the systems: KCI-KBr-H.0, K2SO4-
(NH4)2804~H>0 and KNO3;~NHNO3-H;0, the concentration dependencies of differential solu-
tion enthalpies, A.iH>, for several crystallization paths, were measured. The limiting differential
solution enthalpies, A,H3 , were determined by extrapolation of the above dependencies to the
ionic strength, I3, corresponding to the appropriate binary solutions. For KCI-KBr-H20 system
only, the clear dependence between A,H3 and I values was found and discussed.
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Introduction

The equilibrium properties of ternary systems: KCI-KBr-H,O (I),
K2S04-(NH4)2SO04~H,0 (II) and KNO;—NH,NOs—H,O (III) were earlier exam-
ined in our laboratories [1 —3]. It was found that mentioned systems differ sig-
nificantly from each other. The mixed crystals of the K(Cl, Br) type only are
present in the system (I) (Fig. 1). The system (II) exhibits the presence of the
mixed crystals of (K, NH4),SO, type and a discontinuity region (section AB in
the Fig. 2) while in the system (III) (Fig. 3), beside the (K, NH)NO; mixed
crystals also the double salt KNOs-2NH,NO; (pt B in Fig. 3) and the wide dis-
continuity region exist (section C-B in Fig. 3) [3-5].

The crystallization enthalpies of the equilibrium solid phases occurring in
these systems were also investigated [6—8]. They were determined from the con-
centrational dependencies of differential solution enthalpies, A,ofl>, measured
along the crystallization paths (marked in the Figs 1-3 with the Roman numer-
als)-from the binary, the appropriate salt-water systems to the solubility iso-
therm. The extrapolation of these functions to the saturated solution gave the
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Fig. 1 The system KCI-KBr-H;0 at 298.15 K
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Fig. 2 The system K;SO—(NH,);SO4~H:0 at 298.15 K
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Fig. 3 The system KNO3~NHNO3-H20 at 298.15 K

last differential enthalpies of solution, A", which are numerically equal to
the crystallization enthalpies, AcrywHm. These investigations were obviously fo-
cused on the highly concentrated and almost saturated solutions. It seemed in-
teresting to analyze the thermochemical properties of the same systems, but now
in the area of low concentration of the salt. To this aim it was necessary to per-
form some additional measurements of the salt dissolution enthalpy in dilute so-
lutions region.

Experimental

The salts KCI, KBr, KNO;, NH4;NO3, K;SO4 and (NH4)2SO4, all analytical
grade (POCh, Gliwice), were dried to a constant weight prior the use. All so-
lutions were prepared by weight using double distilled and deionized water.

In order to obtain appropriate solid phases, the equilibrium data, examined
in our laboratories [1-3), were used. Those phases, after drying, were crushed
in a ball vibrating grinder and then stored in desiccator over phosphorus pent-
oxide. The mother liquor content for every sample was determined and suitable
corrections of differential enthalpies of solution were made. The quantities of
dissolved crystals were constant for every system and amounted to 4.625-107 of
mole for system (1), 2.462-10° of mole for system (II) and 1.877-107 of mole
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for system (III). The crystallization paths were the same as described previously
[6-8].

The experiments were carried out using a solution calorimeter of ‘isoperi-
bol’ type, made in Technical University of Gdafisk [9, 10]. The experimental
data are available on request.

The calculations were performed with an IBM PC/AT microcomputer, using
the program Statgraphics (Statistical Graphics System by Statistical Graph-
ics Corporation, vers. 2.6.).

Results and discussion

The differential solution enthalpies, A,of>, of the equilibrium solid phases
within the range of low concentration of the solution were fitted to the equation:

2
Anoilly () =" ailln '6))

=0

where g; is an adjustable parameter and I, is ionic strength of initial solutions,
calculated from molalities.

The coefficients in Eq. (1), for every investigated system, are given in Ta-
bles 1-3, together with the number of experimental points used in each fit and
maximal ionic strength reaching in given series of measurements.

The limiting differential solution enthalpies, Asoil3, were determined by ex-
trapolation of the above dependencies to the ionic strength corresponding to ap-
propriate binary solutions. In the case of the system (I) the binary solutions
were: KBr—-H,O (for paths I-1V) and KCI-H;O (for path V); in the system (II)
~ (NH4)2504—H;0 (paths II-XII); and in the system (III) - NH4NO;-H,0
(paths II-XI). These mixtures were treated as binary solvents. in infinitely di-
luted solutions.

The determined as above the values of A,.H3 and the concentrations of the
proper binary solutions, I3, are presented in Tables 4-6.

The Fig. 4 presents the limiting differential solution enthalpies in the
KBr-H;0 (points I-1V) and KCI-H,O (point V) binary solvents as a function
of their ionic strength. The points marked KCI and KBr denote the standard so-
lution enthalpies of these salts in pure water, taken from Parker’s data [11]. As
it is seen from the Figure, two straight lines were obtained; the one correspond-
ing to the mixed crystals based on KCI (points: KCl, I, III and II) and the other
corresponding to the mixed crystals based on KBr (points: KBr, V and IV).

The cross point of these lines corresponding to the KBr content equal to
about 12% in binary KBr-H,O solution. From the equilibrium data [1], it is
known, that KBr content in mixed crystal K(C1,Br) corresponding to this solu-
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Table 4 The system KC 1-KBr-H;0 at 298,15 K; the values of limiting differential enthalpies of
solution, A, H3, for binary solutions of KBr-H;0 (paths I-1V) and KCL-Hz0 (path V),

Path £, /molkg™! Ay 13-mol™
I 1.3920 15369167
I 1.8077 14792433
1 1.5935 15087484
v 0.8362 16869174
\ 0.3627 18554168

Asol Hr?\
(K3 mol™)

20,

18

16

14

L

32 (mol -kg™)

Fig. 4 The limiting differential enthalpies of solution, A3, in the binary solutions
KBr-H;0 (I-1V) and KCI-H;0 (V) as a function of their ionic strength, I,

tion amounts to about 40 mole%. Additionally, in the work described the crys-
tallization enthalpies investigations [7], the supposition was put forward, that in
this region the transition of mixed crystals based on KCl to mixed crystals based
on KBr, occurs. It seems that results given in presented work confirm this sup-
position.
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Table § The system K;SO4+~(NH,);SO,~H;0 at 298.15 K; the values of limiting differential
enthalpies of solution, AeoiH3, for binary solutions of (NH4)2S04~H:0, L

Path B, /mol-kg™ A3 /3-mol™
i§ 6.6937 17127436
I 11.4729 12465+77
v 12.1177 10541170
\4 11.8579 10280154
VI 11.9900 9248183
vl 11.8842 8323156
VIII 11.8579 7760£103
X 11.7060 74784103
X 11.5503 716043
X1 11.4267 6657150
X1l 10.9112 6122148

Table 6 The system KNO3;-NH4NO3;-H;0 at 298.15 K; the values of limiting differential
enthalpies of solution, A H3, for binary solutions of NH4NO3-H;0, )

Path £ /molkg™ AsH 13-mol ™
) 2.9056 24516169
I 6.9311 18820+117
v 17.7084 11148442
\ 16.9988 111604110
VI 13.2402 123114122
viI 11.2281 133991104
Vil 9.3853 138401156
IX 9.0546 139151147
X 7.5184 1406098
XI 6.7786 1450638

Unfortunately, such simple and clear picture was obtained only for the sys-
tem (I). The results obtained in the case of other investigated systems are more
complicated and they did not give any explicit relations. It is probably con-
nected with the fact that solutions representing binary solvents in those systems
contain a great number of diluted salts and their ionic strength ranges between
2.9056-17.7084 of mol-kg™. Additionally, the equilibrium solid phases occur-
ring there are more complicated than in the case of the system (I).

However, this is the first work relating to the problems discussed above and
needs, of course, further investigations.
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Zusammenfassung — Fiir dic festen Gleichgewichtsphasen in den Systemen KCI-KBr-H;0,
K2504~ (NH4)2S04~H;0 und KNO3;~-NH4NO;3;-H;0, wurde die Konzentrationsabhiingigkeit der
differenticllen Losungsenthalpien AsHz fiir verschiedene Kristallisationswege gemessen. Die
Werte AaH3 wurden mittels Extrapolation obiger Abhéngigkeiten zur Ionenstirke 19 der
entsprechenden bindren Losungen bestimmt. Lediglich fiir das System KCI-KBr—H>0 wurde ein
eindeutiger Zusammenhang zwischen Al und I gefunden und diskutiert.
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