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INTRODUCTION

The sea water and brines are very complex solu-
tions. All systems representing these solutions have to
be evaluated. The major ions to be considered are Na+,
K+, Mg2+, Cl- and SO

4
2- in H

2
O; they form a reciprocal

quinary system[1,2].
The bibliographic data concerning this system are

in large number and studies in a large range of tempera-
ture. However, these studies are incomplete and hardly
exploited because of the dispersion of the numerical
data. Indeed, concerning this system, four compounds
are cited (Na

2
SO

4
, K

2
SO

4
, NaK

3
(SO

4
)

2
 and

Na
2
SO

4
.10H

2
O) and more than 200 solubility data are

given in literature and many isotherms were established

Brine system;
Phase equilibrium;
Solubility diagram;

Double salts;
Mirabilite.
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The diagram of the ternary system Na+, K+/SO
4

2- - H
2
O was established at

20°C and at 40°C by means of analytical measurements. In the equilibrium

phase diagram of Na+, K+/SO
4
2--H

2
O at 20°C there are two invariant points,

three univariant curves and three regions of crystallization: K
2
SO

4
,

Na
2
SO

4
.10H

2
O and NaK

3
(SO

4
)

2
. The compositions (% w/w) of the invariant

points are respectively 5.41% of Na
2
SO

4
/10.20% of K

2
SO

4
 and 22.38% of Na

2

SO
4
/5.72% of K

2
SO

4
. At 40°C the system presents two invariant points,

three univariant curves and three regions of crystallization containing K
2
SO

4
,

Na
2
SO

4
 or NaK

3
(SO

4
)

2
.The composition (% w/w) of the invariant points are

respectively 6.03% of Na
2
SO

4
/12.82% of K

2
SO

4
 and 30.65% of Na

2 
SO

4
/5.98%

of K
2
SO

4
.  2009 Trade Science Inc. - INDIA
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from -3 to 1500C[3-19] but, the experimental points are
often incoherent. In order to increase the number of
solubility data and modeling the quinary system, we pro-
ceeded in the establishment of the isotherms at 20 and
at 400C of the ternary system Na+, K+/SO

4
2- -H

2
O.

EXPERIMENTAL

Experimental method

For the establishment of isotherms at 20 and 400C
of the ternary system Na+, K+/SO

4
2- -H

2
O,  �ensemble�

and �wet residue� methods were used[20,21]. The mix-
tures, of a determined composition from a synthetic brine
and keeped at the temperature study in a bath thermo-
stat (Lauda K20 KS ) (± 0.050C ), were stirred during
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three to four days in order to achieve an equilibrium
between the phases. The saturated solutions taken with
a pipette fitted with a filter tip glass powder and they
are sucked by a vacuum pump, the saturated solution
and salt precipitated are then separated. Each saturated
solution is diluted by the addition of distilled water (10

ml in 100 ml) to avoid a rush in case of any change in
temperature. The salt will precipitate obtained dilute (50
ml of distilled water) to the analyses. The liquid and
solid were next separated and analyzed for Na+, K+

and SO
4
2-.

Chemical analysis

The composition of liquid and solid was determined
by chemical analysis.

The Na+ and K+ content were determined by flame
spectrophotometry[22] using a flame photometer 410
Sherwood instrument, which is measured by the radi-
ated fraction of atom excite thermiquement by a wave-
length correspond to a characteristic transition of the
element to be dosed. The establishment of the curve
requires the preparation of the solutions known con-
centration of between 0 and 8 ppm.

The concentration of SO
4

2- was measured by
gravimetry by precipitation in the form of a salt not very
soluble salt then calcined to a temperature below the
temperature of fusion[23,24].

RESULTS AND DISCUSSION

The solubility data obtained at 200C and 400C are
summarized respectively in TABLES 1 and 2. They are
expressed in w/w percentages.

Three solid phases, K
2
SO

4
: (KS)

, 
Na

2
SO

4
.10H

2
O:

(NS10) and NaK
3
(SO

4
)

2
: (N3KS), were observed at

200C (Figure 1). But at 400C (Figure 2) the three solid
phases that were observed are KS, N3KS and

Composition of the saturated solution 
(% w/w) 

Na2SO4 K2SO4 H2O 

Solid 
phases 

0.00 10.06 89.94 KS 
2.50 9.88 87.62 � 
5.41 10.20 84.39 KS+N3KS 
8.01 8.82 83.17 N3KS 

10.65 7.97 81.39 � 
13.22 7.54 79.24 � 
14.54 7.29 78.17 � 
15.81 6.86 77.33 � 
17.37 6.42 76.20 � 
19.40 6.35 74.25 � 
20.00 6.07 73.93 � 
22.33 6.01 71.65 � 
21.81 5.70 72.49 � 
22.38 5.72 71.90 N3KS+NS10
21.35 3.50 75.15 NS10 
20.68 0.95 78.37 � 
21.12 0.00 78.88 � 

TABLE 1: Solubility data of the ternary system Na+, K+/SO
4
2-

- H
2
O at 200C

TABLE 2: Solubility data of the ternary system Na+, K+/SO
4
2-

- H
2
O at 400C

Composition of the saturated solution 
(% w/w) 

Na2SO4 K2SO4 H2O 

Solid 
phases 

0,00 12.90 87.09 KS 
2.21 12.65 85.13 � 
3.39 12,65 83.95 � 
6.03 12.82 81.14 KS+N3KS 
9.72 11.68 78.59 N3KS 

13.20 10.50 76.30 � 
16.71 8.99 74.28 � 
18,00 8.62 73.37 � 
20.20 8,27 71.52 � 
23.26 7.35 69.38 � 
24.80 6.88 68.31 � 
27.97 6.25 65.77 � 
30.65 5.98 63.36 N3KS+NS 
29.51 2.68 67.77 NS 
29.27 0.00 70.72 � 

K
S

 /
m

as
s-

%

NS /mass-%

Figure 1: Solubility isotherm of the Na+, K+/SO
4
2- - H

2
O

system at 20°C

% Na2SO4 
(w/w) 

% K2SO4 
(w/w) 

% H2O 
(w/w) 

Solid  
phases 

5.41 10.20 84.39 KS + N3KS 
22.38 5.72 71.9 N3KS + NS10 

TABLE 3: Composition of the isothermal invariant points at
200C
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Na
2
SO

4
: (NS). In fact at 400C the phase of NS10 dis-

appears and the NS solid anhydride appears.
The solubility field of N3KS is important at 400C,

whereas the liquidus curves at 200C is small. and at 400C
are given respectively in TABLE 3 and in TABLE 4.

The compositions of the isothermal invariant points
at 200C

Superscripts

NS - Na
2
SO

4
 ; NS10 - Na

2
SO

4
.10H

2
O; KS -

K
2
SO

4
; N3KS - Na

2
SO

4
 3K

2
SO

4

% Na2SO4 
(w/w) 

% K2SO4 
(w/w) 

% H2O (w/w) Solid phases 

6.03 12.82 81.15 KS + N3KS 
30.65 5.98 63.37 N3KS + NS 

TABLE 4: Composition of the isothermal invariant points at
400C

Figure 1: Solubility isotherm of the Na+, K+/SO
4
2- - H

2
O

system at 20°C
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