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Introduction It is expected from the phase
diagram of the system of sea salts at 110°C
obtained by D’Ans‘® that, on concentrating
the bittern at higher temperatures, the majority
of sulfate radicals should easily be removed as
kieserite, MgSO,-H.O, together with NaCl,
leaving chlorides of potassium and magnesium
in the mother liquor. In practice, however, a
difficulty lies in the formation of a muddy
precipitate, called ““earthy sulfate” or * high-
temperature crystal,” at this stage.® This
precipitate contains a certain potassium salt;
its treatment is difficult, and its formation
causes the loss of potassium.

In this respect, since the above-mentioned
isothermal contains rough estimations in cer-
tain respects and, particularly, as seen from
Table 1, the points K and X of D’Ans are
too far from the observed values, further ex-
periments are desirous. Another problem to
be considered in this connection is the pheno-

menon of supersaturation. Since sulfates
especially kieserite, are liable to b2 supersatu-
rated in the system of sea salts®®’ and, further,
actual bittern has a colloidal nature, contain-
ing inorganic and organic suspensions, the
influenca of supersaturation in both pure and
actual solutions must be clarified.

In the present report, the determ nation of
the point K and a preliminary experiment
concerning the point X in the system of sea
salts at 110°C have been made with pure sub-
stances, supersaturation being taken into con-
sideration. The summary of the results has
also been shown in Table 1.

Materials and Experimental Procedure. The
materjals used were the products of E. Merk.
Sodium- and magnesium chlorides were used after
recrystallization. From their analyses, all the
materials were regarded as sufficiently pure with
definite waters of crystallization,

The apparatus adopted for the experiment
was similar to what was used by Tschugiff and

Table 1
Temp. NaCly K,Cl, MgClL, MgSO,
Pt* Literature ©0) (mol/1000 mol H,0) Solid phases
I Leimbacht 100 16 —_ 26 10 NaCl, Vant., Low.
D’Ans 110 34 —_— 27 11
I, K D’Ans® 111 33.5 —_ 27.5 10.5 Low.4+Vant.—Kies, (+NaCl)
g Leimbach® 100 16 — 49 11 " NaCl, Low,, Kies.
Maeda™® 105 21.298 — 44.08 11.32
D’ AnsC 110 33.0 — 28 11
Tanaka L4 17.5 — 49.5 13.5
X Leimbach® 105 26.8 9.1 31.45 11.86 NaCl, Low., Kies,, Lang.
Tanaka 110 20 12 41 8 Low,+ Vant.—Kies,
X, Pk D’ Ans®d 108 265 29.6 14.0 16.0 (+Lang.+NaCl)
vV " 110 26.1 30.2 14.3 15.7 NaCl, Vant., Low., Lang,

However. the point ¥ of him is denoted here a3 X, because

* Notions are followed after D’Ans,
Below 83°, X is the coexisting point of NaCl,

the point has been expressed him by as X below 83°.
kieserite, langbeinite and kainite.

** The values of D’Ans are estimated, and the others are observed ones.

**k  According to the diagram of D’Ans, since this transition takes place at 108°, loweite does no
more coexist with langbeinite at 110°. A new bivariant point, NaCl, Vant,, Kies, and Low., must be
given at this temperature, although the point is abridged in his diagram.
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Chlopint® and by Maeda.(® The principle of the
method is to maintain the system without evapo-
ration at constant temperature and, at the same
time, to stir the system by boiling the solution
with a reflux condenser under a proper reduced
pressure.* Portions of the solution were taken
out for analysis by means of a pipette fitted with
a filter of cotton wool. The determinations of the
solid phase were omitted.

The analyses were carried out after the usual
apalysis of the bittern.(® Chloride ion was deter-
mined volumetrically by the Vorhard’s method,
sulfate and magnesium by the usual gravimetric
methods and potassium gravimetrically as NaK,
'Co(NOg)g: H.0. Sodium was estimated by the dif-
ference** The rtesults were expressed as mols of
radicals per 1000 mols of water. .

The System, MgCl.-MgSO,-H,0 To know
the general conception of the crystallization
velocity of kieserite at higher temperatures,
this two-salt system was studied at first. The
experiments were carried out under various
conditions, and the solutions were analysed
from time to time. The results are arranged

in Table 2.
Table 2
. Mg Cl, 80, iy e
Expt. Time Initial conditions
No. (hr) (mow&} and remarks
1 5 86.2 73.5 12.6 No precitate at
7.5 83.56 73.7 9.8 room temp. It was
12.5 81.9 74.7 7.2 {formed after heat-
15 81.6 74.6 7.0 ing 3.5 hrs.
2 2.5 74.5 65.9 8.6 Withsomeprecipi-
4.5 75.7 67.3 7.3 tate at room temp.
6 76.6 68.2 7.35; (The sample in 1
was used after dilu-
tion.)
3 1 125.4 121.7 3.6; Anexcessof MgSO,
2 125.8 122.1 3.7 was presented at
4 125.9 122.3 3.6 room temp.
4 2 84,9 73.8 11.1 With a slight pre-
4 83.4 74.4 9.0 cipitate at room
6 84.4 75.9 8.5 temp.
5 1 113.1 107.3 5.8 The solution wag
2 116.6 111.1 5.5 concentrated by
4 119.1 115.0 4.1 boiling, and the
6 120.6 116.7 3.9 measurement was
commenced after
some precip. was
observed.
6 2 70.4 58.3 12.1 As in b.
4 68.4 b57.9 10.5
6 69.2 58.9 10.3
7 2 84,5 73.9 10.6 Some MgS0,.7H,0
4 83.1 73.5 9.6 was added at'high
6 83.2 74.4 8.8 temp. Itwas once

dissolved, and the
precip. was observ-
ed again after 0.5
hr.

* In the present case, as the solutions boil at
110° under a pressure not so far from 1 atm., the
effect of pressure on the solubility may be neglected.

** In the case of the partial system, MgCly-
MgS04-H,0, magnesium was also estimated by the
difference, because its direct determination was
not go accurate when it existed in large quantities,

(6) L.A. Tschugiff and W. Chlopin, Z anorg.
Chem., 86, 154 (1914)

(" Ci., N, Naito and T. Mizuno, * Method of
Inorganic Analyses and Tests,” Dairen (1944)

A Contribution to the Equilibrium of the System of Sea Salts at 110°C 15

Our results agree rather better with those of
Maeda at 105°C®’ than with Campbell’'s at
100°C,® and the solid phase may be regarded
ag consisting always of kieserite. The discon-
tinuity, which is observed in Campbell’s result
and is considered by him as the transition
point from kieserite to anhydrous MgSOy, is
never seen in the results of the others. His data,
particularly those near the transition point of
him, seem to be too high.

As for the crystallization velocity, it may be
concluded from the results that the formation
of the nuclei of kieserite is very difficult, and,
when they are once formed to & certain amount,
further crystallization takes place smoothly and
the system reaches to an equilibrium within
several hours.

Determination of the point K in the
System, NaCl-MgS0,-MgCl.-H, 0 As the
genera] tendency of the crystallization velocity
in the system of sea salts at higher tempera-
tures could be seen from the above experiment,
the present experiments were executed under
the following procedure: a mixture with a certain
composition, nearly saturated or with a precipita-
te, was concentrated step by step by boiling,
and for each step the solution was analysed
after keeping the system at 110°C for 5 hours.
The results are shown in Table 3 and Fig. 1.*
Considering from the composition of the start-

Table 3

Total
S0 salts Solid phases
H,0)

15 75) (initial com-
. position)
77.6 NaCl, Low.
79.0 ¢ r
81.7 ¢ L4
(metastable)
83.9 7 4
(metastable)
79.7 NaCl, Low.,,
Kies. (not in
equil.)
(initial com-
position)
25.2 79.6 Ldw., Kies,
17.1 80.0 7 r
9.0; 80.2 7 4
(metastable)
69) (initial com=
position)
65.8 13.7s 79.6 LOow. (near K-
point)
71.6 7.6 79.2 NaCl, Kies
75.6 5.6 8L.1 7 4
D 22 9.7 75.0 79.2 5.5 84.7 NaCl, Kies.
23 5.2 87.4 89.5 3.1 92.6 4
24 0.4 109.0 107.1 2.3 109.4 7 L4
25 0.1 119.0 117.4 1.7 119.1 # L4

Expt.
Ser. No, Na; Mg Cls
(mol/1000

A— @ 50

mol

2 a

4.3 9 12.
58.5 65.9 15.
66.5 68.2 13.¢
73.0 70.1 13.8

68.0 69.5 10.2

11 28.3
12 20.56
13 15.4

14 10.9
15 11.7

=3
Bl |

B— (14 54 35 383 68)

16 9.4
17 15.1
18 19.3

70.2 h4.
64.9 62,
60.9 71.

et 0D W

C— (16 53 53 16
19 16.7

64.5
69.3

20 14.7
21 1L.8

* As for the graphical representation of the
system used here, see I of this report (this Bul-
letin, 23, 11 (1950)

(8) A.N. Campbell, K.W..Downes and C.S. Sa-
mis, J. Am. Chem. Soc., 88, 2507 (1934)
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ing mixtures, these solutions are well explain-
ed as being in contact with the solid phases
described in the table, respectively.
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In the figure, three boundary curves cross
each other quite well at one point, and so it
can be regarded as the point K. The fact that
the curves of series A and B extend beyond
this point may be explained as due to the ex-
istence of meta-stable equilibrium owing to the
difficulty of transformation of the crystals once
deposited, or to the phenomenon of supersatu-
ration. The composion of the point-is near to

Na, 17.5, Mg 68, Cl; 67 and SO, 18.5
mols per 1000 mols of H,0.

To compare the result with the data in Table
1, our result coincides quite well with that of
Leimbach at 100°C. Maeda’s result at 105°C
also lies not so far from them. The magnesium
content of the point by D’Ans is obviously too
small. Consequently, the point K of D’Ans at
110°C should be revised, and loweite should
have a considerably larger field of existence at
higher tempetatures.
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Preliminary Experiment on the System,
NaCl-KCl-MgS0,-MgCl,-H,0 The solubi-
lity determinations in the five component
system of sea salts, particularly those of the
boundary curve between the points X and R
at 110°C have been undertaken. Although the
experiment is not yet completed, it is concluded
at least that the potassium contents of the
results are smaller and the magnesium contents
are larger, particularly in the vicinity of the
point X, than what are expected from the
diagram of D’Ans. The point X seems to lie
at about

Naz 20, K. 12, Mg 49, Cl, 78 and 80, 8
mols per 1000 mols of H30, and the point
agrees pretty well with that of Leimbach at
105°C (cf., Table 1). The point X of D’Ans,
too, seems to be revised, and langbeinite may
have a larger field.

However, even if the point X lies where it
is found in the present result, the crystallization
path in concentrating sea water at higher
temperatures is to pass through the kieserite
field as well, and there is no possibility of
depositing langbeinite or other salts on the way.
Extensive studies in this concern is desirous,
and, at the same time, supersatyration in the
actual evaporation of the bittern must be
examined carefully.

Summary

1. The solubility of magnesium sulfate in
magnesium chloride solution at 110°C has been
studied with a special reference to the crystal-
lization velocity. In this system, it seems that
the formation of the nuclei of kieserite is very
difficult, and, when they are once formed,
further crystallization takes place smoothly.

2. In the system, NaCl-MgS0,-MgCl,-H.O0,
at 110°C, it has been found that the point K
lies at about

Na, 17.5, Mg 68, Cl, 67 and 8O, 13.5
mols per 1000 mols of H,0. The content of
magnesium is much larger than what has been
estimated by D’Ans, and, accordingly, the
loweite field of him should be enlarged.

8. Preliminary experiment on the five com-
ponent system of sea salts at 110°C has shown
that langbeinite may have a larger field than
expected from the diagram of D’Ans.
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