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ABSTRACT.
A simple process has been evolved for the recovery of sodium sulphate from sea
bittern employing different ternary, quaternary and quinary phase diagrams. It was
seen that sea bittemn compasition during progressive solar evaporation did not fall in
either astrakanite or Glauber’s salt field at 25° or 0°C. Thus, it was found not
possible to recover sodium sulphate dircctly from bittern. A method has heen
evolved to obtain an intermediate salt fraction called Sels Mixtes, a mixture of
magnesizm sulphate and sodium chloride, by tracing the compositions of bitiern
during evaporation on phase diagrams of reciprocal salt pairs in the system Na',
Mg**; CF and $Qy7 ~ and on that of quinary oceanic salt system, Wa*, K*, Mg*+

CI” and 50,7~ ' B
By using the reciprocal salt pairs diagram at 25° and 0°C, a process was evolved
to prepare Glauber's salt from Sels Mixtes. Glauber’s salt was converted to anhy-
drous sodium sulphate by employing a polythermal ternary diagram of the system
NaCl-Na, SOy - H, 0. The process yields 98 percent pure sodium sulphate from

Sels Mixtes with 67 percent recovery of sulphate.

INTRODUCTION

Out of the many ions present in seawater, very few,
especially Ca=*, Mg**, Na*, K-, ClI-, Br™ and 80,7 are
concentrated to a level which permits their economic recovery
in the form of different salts. In solution they form a very
complex multicomponent system governed by the Phase
Rule. ‘Fheir concenirations are such that afler the crystatli-
zation of calcium salts, no other salt becomes saturated until
mast of the sodium chioride is crystallized. However, at the
stage of 29.5° Be’ density, the cencentration of the remain-
ing ioms is increased to such am exrenl that the adhering
mother lquor tmparts an impurity of magnesium salis to the
product, commen salt. Hence, the mother lquor, called
bittern, is considered as a waste rnaterial and is discarded.
Various authors (Mehta, 1976; Fernandez-Lozano, 1974)
have given figures for the quantities of chemicals which can
be recovered from bittem, in relation to the salt produced.
This foss of bittern, therefore, assumes a great importance
in these days of dwindling mineral resources. Processes
have been reported 10 recover potash salts (Tallmadge et al.,

1964} and epsomite {Fernandez-Lozaav, 1974) from bit-
tem. The attempt is made here to develop a wechaology by
employing phase diagrams for the production of sodium
sulphate from bittern. This product has many industrial uses
and great demand.

THE PHASE RULE APPLICATIONS

Evaporation of bittern, The bittern at 29.5° Be' consti-
tutes & quinary system comprised of Na™, K*, Mg*™, Cl”
and 8$Q,~~. However, during progressive solar evaporation
of bittern, the following two reciprocal salt pairs play an
important role:

2 NaCl + Mg80,=NgS0; + MgCl, )
2 KCI + MgS0, = K:80; + MgClh (2)

When seawater is evaporated, potassiem ion remains un-
satorated between 25.5° and 34° Be’. The concentration of
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potassium ton during this stege is su low that it has no major
effect as i1 follows the course of evaporation sceording W
the former reciprocal salt pair. Afier that, potassium ion
reaches saturation lo form a quirary system. Because
sodium foa forms no double compounds in the present case
hut is present instead as a sobid phase in the form of sudium
chloride, the quinary system may be reprasented hy the
tatter reciprocal salt pair saturated with sedivm chloride,

The equilibrivm data of the reciprocal salt systems and
quinary svstems ot different temperatures are reported in the
literature (Imiemational Critical Tables, 1928). Solubility
data for the agueous system Na*, Mp**, CI7 and SO, at
23°C and O°C have been plorted hy Jnecke's method
superimposed on gach other as shown in Figure 1. The
guinary system at 25°C is represented by three lons K,°7,
Mgt and S§C,7 and plotted on trinangular coordinates as
given in Figure 2.

The composition of bittern ut 29.5° Be' fally at point Pin
Figore 1. This point lies in the sodium chloride field at
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Figure 1. Crystallization of crude salt and Glauber’s salt shown
on a Jinecke diagram for the system Ma® — Mg~ - Q" =80, -
H.O. Isotherm at 0°0 = —e-ome ; isotherm at 25°C =
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Figore 2. Crystailization of Seies Mixtes shown con a triangular disgram for the system [ Nav, K+,

Mg 1 [CF, SO, KO at 25°C.
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25°C as well as at 0°C. Thuos. the composition represented
by P on isothermal evaporation at 25°C waversas a path
away from the Na,Cl, comer in the sodivm chloride field
reaching @ when magnesium sulphate saturates. Hence,
from P to Q the bittern obtained #t uny stage duying the
course of isothermal evaporation between P and (Q does not
fall into the Glauber's salt ficld cither at 25°C ar at 0°C but
it falls in cpyorm salt field at O°C, Consequently. if the
bittern is chilled forwe concenmated by isothermal evapora-
tion), it vields only epsom salt (Fernandez-Lozano, 1974).
ft 15 pot possible to preduce sodium sulphate by chilling the
bittern of any density 1o 0°C.

Removing the crystallized sedium chloride and evaporat-
ing the bittern beyond Q would give a mixture of epsom salt
and sodivm chloride along the ling N-O (Figure 1} How-
ever, as the potassium ion approaches saturation at (his
stage, the puth has to be traced on a diagram of the quinary
system {Figure 2} in which the bittern compasition abso falls
in the epsom salt fickd. Tt reaches R on further evaporation,
during which a mixture of epsom salt and sedium chloride
called ‘Sels Mistes” is obtained. On reaching R, kainite starts
crvstatlizing along with epsom salt and sodium chicride.
The compesitivn of the bittern moves in the direction of
rXY. The mixture abtained is mixed salt (Bhat, et al.,
12635), It can be processed for potash recovery {Seshadn, et
ak,, 1970,

Recavery of sodium sulphate from Sels Mixtes. The
composition of a mixture of saits obtained between points Q
and R falls on the diagonal Na,CL -~ MgSO, (Figure 1} A
portion of it crosses the Asrrakanite field at 23°C, but peatly
all of it crosses the Glauber’s salt field at 0°C. A solution of
such 2 mixture vicldy Glasber’s salt on chilling. As the
Glauber’s salt removes the water of crystallization, the
composition of the mother hquor moves away from the
N2, 80y comer {Figure I). The dehydeation of the
Glauber's salt is carried out by considering a temary system
comprised of Na,CL, - Na,S0,~H,O represented by the
fine BC (Figure 1). The Glauber's salt compesition rep-
resented by Nz, SO, comer on addition of sodium chioride
moves towards C. Sodium chloride has to be sefficient 1o
bring the composition of the end liguor into the anhydrous
sodivm  suiphate fleld. The rransition temperature of
Glauber’s salt 0 anhydrous sodium suiphale is lowered
from 32.4°C (point G) to 17,9°C (point F) as is seen in the
poiythermal diagram of the system; NaCl-Na,S0,-H, 0
(Figure 3),

EXPERIMENTAL

Selar evaporation of sea bittern, Laboratory experi-
ments were carried oul to systematically collect the different
fractions of salt from bittern. The first fraction contains
predominantly sodiam chloride which crystallizes when the
composition of bittern fell in the Sodium chloride field
(Fig. 1). The second fraction of the mixture of magnesium
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Figure 3. Polythermal diagram of the System Np30,-
NuCl- H, & at vatous temperatures.

sulphate and sodium chioride crystallizes when the path
of crystailization passed through the epsom salt field
(Fig. 23, Definite volumes of 22.5° Be’ bittern were solar
evaporated in cement pans {o obtain guantitative data. The
samples of bittern were analyzed for cach degree rise in
density and the compaositons were traced on the phase dia-
grams to obiain sharp fractions of these saits. At the time of
collection, the salt was heaped, allowed to drain and sun-
dried for two days. It was then weighed and analyzed.

The compositions of bittern and saft fractions of a typical
experiment are given in Tables § and 2. The solid salt frac-
tion ohiained during bittern evaporation between 29,5 Be'
and 34.1° Be' (i.e. points P and Q in Figure [} comained
predominantly sodium chloride and impurities of mag-
nesiem sulphate and magnesivm chloride from the adhering
Hgeor, This can be termed a crude salt. On further evapara-
tion of biltern between 34.1° Be' and 35.2° Be' {i.e. points
Q and R, Figure 2) Sels Mixses, having a composition of
Mgz50, 28.0%, NaCl 39.5%, MgCl, 2.9% and KCl 2.4%
was obtained.

Recovery of sodivm suiphate frem Sels Mixtes, The
process consisted of three stages 1) dissolution of Sels
Mixtes and filtration, 2) chilling of Sels Mixtes solution for
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TARLE

Compesition and Volume of Sea Bitemn at
Different Densities During Progressive Solar Evaporation

Point Compasition in M.f.ll)ﬁ{} M H.O
Drensity Volume in Fig. 1
‘Be’ in Liters yor2 Mg50 ., Na ,CI, MgCl. K .CE,
29.5 1660 P 16.30 2304 2392 2.8%
307 B3 i1 61 21.06 il 3.30
32 £N2 16.82 15.57 T A | 4.62
333 626 18.44 1490 39.20 4.78
341 581 Q .06 13.85 2,83 4.58
352 421 R 17.42 6.70 56.62 5.86
TABLE 2
Compositions of Crude Salt and Sels Mixtes Recoversd
During Solar Evaporation of Sea Bitrern
Salt Carmposition g/164 g
Bensity Separated Wet Rasis
Ranpe of T/ 100 T
Deseriptian Recavery Bittern MoSO, NaCl MgCl., KCl
Crude Sult 29.5°- gt5 L6 842 24 0.4
34.1° Be’
Hels Mixtes 34,17~ 58.4 28.0 39.5 2.9 2.4
35.2° Be'
TABLE 3
Composition of Solutions During Conversion of
Sels Mixtes to Sodiam Sulphate
Composition iy My 1000 M
Puint in of Water
Dieseription Fig. 1
MgSC Na.Cl, MpCl, Na SO,
Sels Mixtes A 258 36.7 30
Solution
Glaaber's Salt B 1.6 25.6 257 e
Mother Liguor
(m.l. 1}
Dehydration of c 4.7 40.4 — 4.0
Mather Liquor
(m.]. 2}

recovery of Glauber’s salt and 3) dehydration of Glauber’s
salt 1o anhydrous sodium sulphate.

Based on the laboratory experiments, & number of bench
scale experiments were made and the results of one typical
experiment are given in Tables 3 and 4.

Sels Mixtes was dissoived in water (¢ prepare its solution
which was saturated wiih sodium chioride. The composition
of the solurion obtained is given in Table 3. It fell at point
{Figure 1). #t was then filtered through a filter press. The
dissolution efficiency with respect to MgS0,; was 100 per-
cent.

The Sels Mixtes solution was then chilled 1o —~5°C in the
chilling tank under vigorous agitation with stierers. The de-

cision fo chill the Sels Mixtes solution o —5°C was made
after various cooling experiments performed dering the
course of preliminary studies. The product, Glauber’s salt,
was filtered through a vacuum filter. The efficiency of con-
version of MgS0, in Sels Mixtes to sodium sulphate at this
stage was 72 percent. The composition of the mother
liguor | {m.l. 1} oblained is given in Table 3 und is rep-
resented by point B in Figure |,

The Glauber’s salt was then dehydrated by adding calcu-
lated quantity of sodivar chloride under uniform stirring and
raising the temperature to 50°C. It melted und parily dis-
solved in its water of crystathization. Anhydrous sodium sul-
phate was precipitated, The contents were centrifuged and
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TABLE 4

Compesitions of Glutber's Sak and
Anhydrous Sodinm Sulphate Obtained from Sels Mixes

Anbvdrons

Glavber's Sodium
Salt Sulphate
% 5
Na. 50, 39.3 QR.3
Na(t 7.5 1.4
MeSO, 2.4 1.0
R,O, <0007 <007
ron us Fe < (HOUT <7300
pH e #.3

freed of the adhering liguor by a washing with water in the
centrifuge. The composition of the morher liguor 2 (m.1. 2}
is given in Table 3 and is represented by point C (Fig. 1)
The efficiency of dehydration of Glauber’s salt to anhy-
drous sodium sulphare was 83,4 percent and combined ffi-
clency of dissohrtion, chilling and dehydration came to
60 pereent,

The compositions of Glauber's Salt and anhvdrous
sodium sulphate ure given in Tuble 4,

The mother liquor 2 contained 10 percent sodium sul-
phate with reference to inpat of 50,7 ton in Sels Mixtes
taken. It was chilled to 0°C. The efficiency of recovery of
sadium sulphate from recveled solution was 73 percent.
Thus, the overall efficiency came o 67 percent, The alter-
nate use of this solution is to chill it along with the Sels
Mixtes solution.

CONCLUSHONS

Based on these results, & flow sheet, showing operations
involved in this process yielding 8 tons per day sodium
sufphate technical grade, is given in Figure 4. The process
has great potential because it recovers sulphale content in
the form of an industrially useful product sodium sulphate
from bittern anc leaves mother lguor for the recovery of
potash by known methods.
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