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The System Potassium-Magnesium-Sodium-Sulfate-Chloride-Water at 90°x 

By F. FEAKES 
That part of the system, potassium-magnesium-sodium-sulfate-chloride-water, in which sodium chloride is a solid phase 

has been determined at 90°. I t is shown tha t vanthoffite and langbeinite may coexist at this temperature and that erroneous 
results may be obtained by interpolating from previous workers' results for invariant points at other temperatures. Some 
evidence is presented which suggests that under certain conditions magnesium sulfate forms solid solutions with sodium sul
fate. 

Introduction 
In this quinary system, the results obtained by 

van't Hoff, Serowy, Koelichen, Przibylla, Leim-
bach, Blumer, Tollert, Kupper and their co
workers have been summarized by D'Ans.2 Be
cause of the relation of the system to the oceanic salt 
deposits of Germany and France, these studies were 
largely confined to determinations of the solid 
phases and the compositions of the associated solu
tions when sodium chloride was present as one of 
the solid phases. 

The present study was initiated to aid the in
vestigation of a process—involving this system at 
90°—for the recovery of sodium sulfate, potassium 
chloride and magnesium salts from alunite. No 
results are available for the quinary system at 90° 
and there are but few in the associated quaternary 
systems involving sulfate and chloride. Serowy3 

has completed polytherms for several points in the 
quinary system, but the major part of his work at 
the higher temperatures was with solutions in equi
librium with solid potassium and sodium chlorides. 
The system K2Cl2-Na2Cl2-MgCl2-H2O has been 
partially studied by Feit and Przibylla4 at 90°; 
their results are plotted in Fig. 1. Since the 
appearance of D'Ans' publication in 1933, Kurn-
akov, et al.,6 and Osokoreva, et a/.,6 have continued 
the study of the pure chloride system, while Camp
bell, et al.,1 restricted their examination to the 
quaternary system, K2Cl2-K2SO4-MgSO4-H2O, at 
100°. 

Consequently, it was desirable to check the high 
temperature data as interpolated by D'Ans for the 
points (invariant at constant temperature and 
pressure) that represent equilibrium between a solu
tion and four solid phases. Determinations were 
also made along the univariant lines representing 
equilibrium between solution and three solid phases. 
To round off the investigation these studies were 
carried into the related quaternary systems. 

The investigation was confined to systems satu
rated with respect to sodium chloride. 
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Experimental 
Analytical reagent grades of the following salts were used: 

sodium chloride, sodium sulfate, potassium sulfate, potas
sium chloride, magnesium sulfate, 7-hydrate and magnesium 
chloride 6-hydrate. From these salts bulk samples were 
prepared of the other solid phases which appear in this sys
tem, namely, glaserite (3K2SO4-Na2SO4), vanthoffite (3Na2-
SO4-MgSO4), loewite (Na2SO4-MgSO4-6AH2O), langbeinite 
(K2S04-2MgS04), kieserite (MgSO4-H2O) and carnallite 
(KCl-MgCl2-6H20). In general, the most convenient 
method of preparation was by isothermal evaporation at a 
temperature within the range 90-100°. 

The following procedure was adopted for each of the ex
perimental points: Water and the appropriate salts, 40 to 
50 g. in all, were weighed into a narrow necked Pyrex sample 
tube of approximately 60 cc. capacity. The quantities 
were chosen to correspond approximately to the expected 
composition of the equilibrium solution. Repeated pre
liminary experiments were, therefore, sometimes necessary. 
The sample tube was then heated to 90° in the thermostat 
and the neck sealed. The tube, with others, was then ro
tated in the thermostat until solution of the salts was com
plete. Without removing the tube from the thermostat, 
weighed amounts (about 3 g. each) of the expected solid 
phases were then introduced, the tube resealed, and rotated 
in the thermostat for 7 days. (Determinations throughout 
the course of the examination indicated that 7 days was 
ample time for the attainment of equillibrium.) The sample 
tube was then held vertically in the thermostat until the 
solids had completely settled, whereupon a sample of the 
clear supernatant liquor was forced up a preheated tube 
into a tared flask for subsequent analysis. The residual 
liquor and solids were then shaken up, filtered rapidly under 
suction, quickly washed with acetone or ethanol and dried 
between filter paper at room temperature. The solids were 
reserved for solid phase identification. All solid phases 
encountered are stable when dry at room temperature. 

The thermostat was maintained at 90.0 ± 0.4° for the 8 
days prior to sampling. Over the last 4 days of each series 
the temperature was 90.0 ± 0.2°. The thermometer was 
calibrated from a standard carrying a National Physical 
Laboratory certificate. 

Analytical 

The solutions were analyzed according to the following 
procedures: potassium, Hicks' modification8 of the chloro-
platinate method; magnesium, 8-hydroxyquinoline9; sul
fate, careful precipitation of barium sulfate10; chloride, 
Mohr's method11; sodium, by difference. When magnesium 
and chloride were not present together in solution, a deter
mination of total salts was used either as a check analysis 
or instead of the sulfate determination. 

The individual crystal species in the dried solids were 
identified by measurement of refractive index ("Becke Line 
Method I'2 and optical properties. 

Results 
The results are plotted in Fig. 1, which is drawn 
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Fig. 1.—The system K+-Na+-Mg+ +-SO4
--Cl"-H2O at 90°: • , W. Feit and K. Przibylla; O, this investigation. 

according to Jaenecke's13 method of representing a 
right triangular prism. The inset illustrates the 
section of the prism over which the examination 
was made (saturation with sodium chloride). The 
main invariant points have been lettered in con
formity with the notation used by D'Ans. The 
results of Feit and Przibylla cited by D'Ans are also 
plotted. Projections onto the K2Cl2-Na2Cl2-MgCl2 
plane are shown by the lighter broken lines. 

The numbers adjacent to each determination in 
Fig. 1 represent the determination or sample no. 
used during the investigation. They will serve to 
simplify cross reference to the results which have 
been fully tabulated and are available through the 
American Documentation Institute.14 

Discussion 
For the quaternary system K2SO4-K2Cl2-Na2Cl2-

H2O, there is good agreement between these deter
minations and the values given by D'Ans.15 In the 
system: MgSO4-Na2SO4-Na2Cl2-H2O, the value 
given by D'Ans16 for the point I (NaCl, vanthoffite, 
loewite) differs considerably from that obtained in 
this work. The curvature of the phase boundaries 
HI, IK and I"V," together with the determinations 
45, 59 and 74, suggest that D'Ans' figure is incorrect. 

When considering the quinary system, good agree
ment was obtained in the region of high magnesium 
chloride concentrations, i.e., points R, Q, L and Z. 
(For the points Q and Z, where the concentration of 
MgCl2 is very high, the values obtained for the 
sodium chloride concentration—determined by 
difference—are open to error.) However, in the 
region of lower magnesium concentrations, this 
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photocopies. 

(15) Reference 2, p. 113. 
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work showed several major differences. For in
stance, D'Ans' polytherms2 indicate that it is 
possible for glaserite and loewite to coexist at 90° 
while vanthoffite and langbeinite are not able to 
do so below 98°. However, the present work proves 
that, under equilibrium conditions, vanthoffite 
and langbeinite may coexist at 90°, while glaserite 
and loewite may not. The range of solution com
positions over which vanthoffite and langbeinite 
are able to coexist would suggest that they are 
also stable at temperatures somewhat below 90°. 

Another feature of the investigation was that in 
sample no. 5, 6, 8, 10, 11, 12, 14, 15, 24 and 48— 
that is in all samples (except No. 4) in which sodium 
sulfate was brought into equilibrium with a mag
nesium bearing solution—sodium sulfate (then-
ardite) with properties as described in the literature 
was not found as a solid phase. Instead, the 
crystals appeared to be isotropic tetrahedra, the 
apices of which on occasions were replaced by more 
numerous plane faces. (Thenardite belongs to the 
orthorhombic system; refractive indices 1.464, 
1.474, 1.485.) The crystals were relatively small 
(0.002 mm. face length) with a refractive index of 
1.487 approx., and they gave positive tests for 
magnesium. Wienert17 considers that magnesium 
sulfate is capable of forming solid solutions with 
sodium sulfate; it is probable that this crystal 
species is similar to that described by Wienert. 
Consequently, throughout this work, this solid 
phase has been referred to as Na2SO4 s.s.-Na2SO4 
solid solution. 
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