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ABSTRACT

The diagram of the ternary system Na', K¥SO,* - H,O was established at
20°C and at 40°C by means of analytical measurements. In the equilibrium
phase diagram of Na', K*/SO,*-H,O at 20°C there are two invariant points,
three univariant curves and three regions of crystallization: K,SO,,
Na,SO,.10H,0 and NaK ,(SO,),. The compositions (% w/w) of theinvariant
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pointsare respectively 5.41% of Na,SO,/10.20% of K SO, and 22.38% of Na,
SO,/5.72% of K,SO,. At 40°C the system presents two invariant points,
three univariant curvesand three regions of crystallization containing K.,SO,,
Na,SO, or NaK ,(SO,),. The composition (% w/w) of theinvariant pointsare
respectively 6.03% of Na,SO,/12.82% of K ,SO, and 30.65% of Na,SO,/5.98%

of K,SO,. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

The seawater and brinesare very complex solu-
tions. All systemsrepresenting these solutionshaveto
beevauated. Themgor ionsto beconsdered areNa,
K*,Mg*, Cl-and SO,> inH,0; they form areciprocal
quinary system*2,

Thebibliographic dataconcerningthissystem are
inlargenumber and studiesin alargerangeof tempera-
ture. However, these studiesareincompleteand hardly
exploited because of the dispersion of the numerical
data. Indeed, concerning thissystem, four compounds
are cited (Na,SO,, K,SO,, NaK,(SO,), and
Na,SO,.10H,0) and morethan 200 sol ubility dataare
giveninliteratureand many isothermswere established

from -3 to 150°C*19 but, the experimental pointsare
often incoherent. In order to increase the number of
solubility dataand modeling thequinary system, wepro-
ceeded inthe establishment of theisothermsat 20 and
at 40°C of the ternary system Na', K¥SO,* -H,0.

EXPERIMENTAL

Experimental method

For the establishment of isothermsat 20 and 40°C
of theternary system Na', K*SO,% -H,0, “ensemble”
and “wet residue” methods were used??4, The mix-
tures, of adetermined compositionfromasyntheticbrine
and keeped at the temperature study in abath thermo-
stat (LaudaK20KS) (+0.05°C), werestirred during
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TABLE 1: Solubility dataof theternary sysem Na*, K*/SO,*
-H, O at 20°C

Composition of the saturated solution

(% wiw) psh‘i's‘;
Na,SO, K>SO, H->O

0.00 10.06 89.94 KS
2.50 9.88 87.62 «
541 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+NSI1C
21.35 3.50 75.15 NS10
20.68 0.95 78.37 «
21.12 0.00 78.88 “

TABLE 2: Solubility dataof theternary system Na*, K*/SO
-H,Oat40°C

Composition of the saturated solution

(% wiw) pﬂ%
NSO, K,SO, H,0

0,00 12.90 87.09 KS
221 12,65 85.13 “
339 12,65 83.95 “
6.03 12,82 8114  KSHN3KS
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 7152 “
23.26 735 69.38 “
24.80 6.88 68.31 “
27.97 6.25 65.77 “
30.65 5.98 6336  N3KSHNS
29,51 268 67.77 NS
20.27 0.00 70.72 “

TABLE 3: Composition of theisothermal invariant pointsat
20°C

% Na,SO; % K,S0, % H,0 Solid
(wiw) (wiw) (wiw) phases
541 10.20 84.39 KS+ N3KS
22.38 5.72 719 N3KS+ NS10

threeto four daysin order to achieve an equilibrium
between the phases. The saturated solutionstakenwith
apipettefitted with afilter tip glass powder and they
are sucked by avacuum pump, the saturated solution
and st preci pitated arethen separated. Each saturated
solutionisdiluted by theaddition of distilled water (10
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Figure 1. Solubility isotherm of theNa*, K*/SO > - H,O
system at 20°C

ml in 100 ml) to avoid arush in case of any changein
temperature. Thesalt will precipitate obtained dilute (50
ml of distilled water) to theanayses. Theliquid and
solid were next separated and analyzed for Na‘, K*
and SO,~.

Chemical analysis

Thecomposition of liquid and solid wasdetermined
by chemicd andysis.

TheNa"and K* content were determined by flame
spectrophotometry?? using aflame photometer 410
Sherwood instrument, which ismeasured by the radi-
ated fraction of atom excitethermiquement by awave-
length . correspond to acharacterigtictrangition of the
element to be dosed. The establishment of the curve
requiresthe preparation of the solutionsknown con-
centration of between 0 and 8 ppm.

The concentration of SO,> was measured by
gravimetry by precipitationintheform of asdt not very
soluble salt then calcined to atemperature bel ow the
temperature of fusion(24,

RESULTSAND DISCUSSION

The solubility dataobtained at 20°C and 40°C are
summarized respectively iInTABLES 1 and 2. They are
expressed inw/w percentages.

Threesolid phases, K,SO,: (KS) Na,SO,.10H,0:
(NS10) and NaK ,(SO,),: (N3KS), were observed at
20°C (Figurel). But at 40°C (Figure 2) thethree solid
phases that were observed are KS, N3KS and
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TABLE 4: Composition of theisother mal invariant pointsat
40°C

% Na,SO, % K,SO, o .
(wiw) (wiw) % H50 (w/w) Solid phases
6.03 12.82 81.15 KS+ N3KS
30.65 5.98 63.37 N3KS + NS

I Lig
II KS+Ly
IO 52+ NIKS+Lag A

KS /mass-%

NS /mass-%

Figure 1. Solubility isotherm of theNa*, K*/SO > - H,0
system at 20°C

Na,SO,: (NS). Infact at 40°C the phase of NS10 dis-
appearsand the NS solid anhydride appears.
Thesolubility field of N3KSisimportant at 40°C,
whereastheliquiduscurvesat 20°Cissmdl. anda 40°C
aregivenrespectively inTABLE 3andin TABLE 4.
Thecompositionsof theisotherma invariant points
at 20°C

Superscripts

NS - Na,SO, ; NS10 - Na,SO,.10H,0; KS -
K,SO,; N3KS - Na,S0, 3K,SO,
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