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Abstract—Solubility data for the quaternary system (KCl + MgCl2 + K2B4O7 + MgB4O7 + H2O) is very
important for the separation of potassium and boron from the salt lake brines in Qaidam Basin. The solubility
of the quaternary system (KCl + MgCl2 + K2B4O7 + MgB4O7 + H2O) at T = 308.15 K and p = 0.1 MPa has
been investigated experimentally with the method of isothermal dissolution equilibrium, and meanwhile
physicochemical properties including density, refractive index, and pH value have been determined. In the
phase diagrams of the quaternary system at 308.15 K, there are three invariant points, seven univariant iso-
thermal dissolution curves, and five crystallization regions corresponding to KCl, MgCl2·6H2O, K2B4O7·
4H2O, Mg2B6O11·15H2O, and double salt KCl·MgCl2·6H2O, respectively. The density, refractive index and
pH value of the quaternary system at 308.15 K present a regular variation with the increasing of Mg2+ con-
centration.
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INTRODUCTION
Potassium can be used to produce potassium fertil-

izer, which is guarantee material for agricultural pro-
duction and food security [1]. Boron is mainly existed
in the form of borates. Borates are used in various
products and industries recently, mainly used in mili-
tary, glass, agriculture, nuclear power, and so on [2, 3].
The species of borates in the liquid phase are diverse
and mutually transformed, and the phase chemical
behavior of magnesium borate is complex [4]. The
existing form of polyborate is affected by pH, tempera-
ture, total boron concentration, and counterion in
aqueous borate solution [5].

With the increasing demands for potassium and
boron chemicals, separating and recovering potassium
and boron from brines around the world has become a
priority. The Chaerhan Salt Lake with abundant liquid
potassium salt resources is a comprehensive large-
scale potash deposit, which exists high contents of
boron and magnesium, showing great application
potential and strategic significance [6]. Many water–
salt systems are analyzed to support technologies for
processing natural salt and guide the exploitation and
systematic utilization of salt lake resources, as well as
technologies for solving various chemical engineering
problems [7]. Therefore, it is essential to establish

phase diagrams of the brine system for the separation
and purification of the potassium and boron chemi-
cals existed in the brine.

Aiming to understand the thermodynamic proper-
ties of brine containing potassium, magnesium and
boron, some systems in the temperature range from
273.15 K to 348.15 K have been reported, such as ter-
nary system (K2B4O7 + Mg2B6O11 + H2O) [8, 9],
(Li2B4O7/Na2B4O7 + MgB4O7 + H2O) [10], (MgCl2 +
MgB4O7/Mg2B6O11 + H2O) [11, 12] and (KCl/K2SO4 +
K2B4O7 + H2O) [13], the quaternary system (KCl +
K2SO4 + K2B4O7 + H2O) [14], (Li2B4O7 + Na2B4O7 +
MgB4O7 + H2O) [15–17], (MgCl2 + MgSO4 + MgB4O7 +
H2O) [18] and (K2B4O7 + Na2B4O7 + MgB4O7 + H2O)

[19], the quinary system (Na+, K+, Mg2+//S ,
B4 -H2O) [20], and the complex system (Li+, K+,

Rb+, Mg2+//S , B4 -H2O) [21]. In order to better
separate and purify the potassium, magnesium and
borate containing resource from salt-lake brine, the
isothermal solubilities and the corresponding solution
physicochemical properties including density, refrac-
tive index and pH value for the quaternary system
(KCl + MgCl2 + K2B4O7 + MgB4O7 + H2O) at T =
308.15 K and p = 0.1MPa were presented in this paper.

−2
4O

−2
7O

−2
4O −2

7O
412



SOLID-LIQUID PHASE EQUILIBRIA IN THE QUATERNARY SYSTEM 413
EXPERIMENTAL

Apparatus and reagents. A Magnetic stirring ther-
mostatic water bath (HXC-500-8A, Beijing Fortune-
joy Sci. Technol. Co. Ltd.) was used to control the
temperature with a precision of 0.01 K. For determin-
ing the densities (ρ), a digital densimeter (DMA 4500,
Anton Paar Co., Ltd.) that can automatically control
the sample cell temperature within 0.01 K was applied
with a precision of ±0.15 mg cm–3. In order to measure
the refractive index (nD), an Abbe refractometer
(Abbemat 550, Anton Paar Co., Ltd.) with a precision
of ±0.0001 was used. The pH value was determined by
a high precision PHSJ-5 pH meter (Shanghai Preci-
sion Scientific Instruments Co. Ltd., China) with an
accuracy of ±0.01. Solid phase was identified by the
X-ray powder diffractometer (MSAL XD-3, Beijing
Purk Instrument Co., Ltd.).

The chemicals of analytical grade were obtained
from the Sinopharm Chemical Reagent Co., Ltd: KCl
(0.995 in mass fraction), MgCl2·6H2O (0.99 in mass
fraction), K2B4O7·4H2O (0.992 in mass fraction), and
were recrystallized with doubly deionized water
(DDW) before use. The hungtsaoite (MgB4O7·9H2O,
0.99 in mass fraction) was synthesized in our lab [22].
Doubly deionized water (DDW) with conductivity less
than 1 × 10–4 S m–1 was used to prepare the series of
the artificial synthesized brines and chemical analysis.

Methods. The equilibrium experiment in this work
was conducted by the method of isothermal dissolu-
tion equilibrium [23, 24]. In briefly, the series of arti-
ficial synthesized complexes are sealed in hard poly-
ethylene bottles and placed in the magnetic stirring
thermostatic bath (HXC-500-8A). The temperature of
the bath was checked with a separate thermometer,
and the standard deviation of the temperature for 1 day
was less than 0.1 K. In order to accelerate the estab-
lishment of equilibrium states, the magnetic stirring
thermostatic bath was set 150 rpm stirring speed. At
regular intervals, the magnetic stirring was paused for
4 h to probe for chemical analysis, and when the com-
position of the sample became constant, it indicated
that the equilibrium had been achieved. It took about
10 days to reach equilibrium for this system. And then,
the corresponding solution physicochemical proper-
ties including ρ, pH, and nD were determined, samples
of the liquid phase were taken for chemical analysis. In
addition, the solid phase minerals were identified
X-ray powder diffraction.

The concentration of Cl– in liquid phase was ana-
lyzed by titration with AgNO3 standard solution in the
presence of potassium chromate indicator. The con-
centration of boron in liquid phase was analyzed by the
gravimetric methods of mannitol with sodium hydrox-
ide standard solution in the presence of double indica-
tor of methyl red and phenolphthalein. The Mg2+ ion
concentration was determined with modified EDTA
complexometric titration method in the presence of
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Eriochrome Black-T as an indicator. The K+ ion con-
centration was determined in triplicate by the gravi-
metric method of sodium tetraphenylborate, and the
uncertainty of the analytical results is less than ±0.003
in mass fraction.

RESULTS AND DISCUSSION
Phase Diagram of the Quaternary System

(KCl + MgCl2 + K2B4O7 + MgB4O7 + H2O)
There are four boundary subternary systems (KCl

+ MgCl2 + H2O), (KCl + K2B4O7 + H2O), (K2B4O7 +
MgB4O7 + H2O) and (MgCl2 + MgB4O7 + H2O) in
this reciprocal system. In order to verify the reliability
of the experimental data, the solubility data of the sub-
ternary systems at 308.15 K was compared with the
results in the literature [25–28] and listed in Table 1. It
is found that the results are in good agreement with the
reported data, which proves that our experimental
process and analytical methods were reliable. The
experimental data on the solubilites of the quaternary
system (KCl + MgCl2 + K2B4O7 + MgB4O7 + H2O) at
308.15 K were determined and presented in Table 2. The
composition of the liquid phase in the quaternary sys-
tem was expressed in mass fraction (wb) and Jänecke
index [Jb/(mol/100mol)], with J(2K+) + J(Mg2+) =
100. The calculating formula for Jb is

The calculating formula for water concentration is

The J refers to the calculated Jänecke indices of
different substances, which reflects the percentage of
various ions or water relative to the total equivalent
valence moles of cations (anions) based on the princi-
ple of equivalent mole valence in the reciprocal qua-
ternary system.

On the basis of the experimental data in Table 2,
the stable phase diagrams of the quaternary system at
308.15 K were plotted, as shown in Fig. 1. The dry-salt
phase diagram consists of five crystallization zones
corresponding to potassium chloride (KCl), bischofite
(MgCl2·6H2O), potassium borate tetrahydrate
(K2B4O7·4H2O), inderite (Mg2B6O11·15H2O) and car-
nallite (KCl·MgCl2·6H2O). Hungchaoite (MgB4O7·
9H2O), an incongruently dissolved solid, represents a
metastable phase, which converts to other Mg2B6O11·
15H2O in this system. In addition, it has been found
that a complex salt of the formula KCl·MgCl2·6H2O is
formed in this system, which belongs to the incongru-
ent double salt. As can be seen in Fig. 1, because of the
transformation of equilibrium solid phase from
hungchaoite (MgB4O7·9H2O) to inderite
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Table 1. Comparison of the solubility data in this work and the literature at the invariant points of the boundary subsystems
at 308.15 K

MB-Mg2B6O11·15H2O, KB-K2B4O7·4H2O, Sy-KCl, Bis-MgCl2·6H2O, Car-KCl·MgCl2·6H2O.

System

Composition of subsystems
at invariant point 100w Solid phase Ref.

KCl MgCl2 K2B4O7 Mg2B6O11

KCl + MgCl2 + H2O 3.80 27.32 0.00 0.00 Sy + Car  [25]
4.65 27.50 0.00 0.00 Sy + Car  [26]
4.22 27.53 0.00 0.00 Sy + Car This work
0.14 36.17 0.00 0.00 Car + Bis  [25]
0.97 36.35 0.00 0.00 Car + Bis  [26]
0.21 36.26 0.00 0.00 Car + Bis This work

KCl + K2B4O7 + H2O 26.00 0.00 4.10 0.00 Sy + KB  [27]
25.52 0.00 5.50 0.00 Sy + KB  [28] (metastable)
38.88 0.00 3.32 0.00 Sy + KB This work

K2B4O7 + MgB4O7 + H2O 0.00 0.00 17.37 0.12 MB + KB This work
MgCl2 + MgB4O7 + H2O 0.00 33.01 0.00 3.49 Bis + MB This work
(Mg2B6O11·15H2O) with low solubility, the crystalliza-
tion field of Mg2B6O11·15H2O is the largest, while the
MgCl2·6H2O is the smallest. The size of the mineral
crystallization zone is in the order Mg2B6O11·15H2O >
KCl > K2B4O7·4H2O > KCl·MgCl2·6H2O > MgCl2·
6H2O. With increasing of the temperature, the solubil-
RUSSIAN JOURNAL O

Fig. 1. Dry-salt phase diagram of the quaternary system (KCl +
phase; ( ) isotherm curve.
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ities of different salts have changed in the system,
which may be shown on the changes of the crystalliza-
tion fields. To explain the causes of the formation of
the salt and the order of crystallization zone in the
salt-water system would help choose the best stage for
extracting one component or another from the brines
in developing technological processes.
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Table 2. Solubilities and physicochemical properties of the quaternary system (KCl + MgCl2 + K2B4O7 + MgB4O7 + H2O)
at 308.15 K

MB-Mg2B6O11·15H2O, KB-K2B4O7·4H2O, Sy-KCl, Bis-MgCl2·6H2O, Car-KCl·MgCl2·6H2O.

No.
Composition in the solution 100wb

Janecke index
Jb/[mol/100 mol] Density

ρ, g cm–3 nD pH Solid phase

w(K+) w(Mg2+) w(Cl–) w(B4 ) w(H2O) J(Mg2+) J(B4 ) J(H2O)

1,E2 21.55 0.00 18.53 2.21 57.71 0.00 5.17 1163.3 1.3738 1.2122 9.63 Sy +KB

2 14.79 0.01 12.02 3.06 70.12 0.04 10.42 2059.4 1.3685 1.1847 9.32 Sy +KB
3 15.12 0.01 12.48 2.72 69.67 0.07 9.06 2000.7 1.3739 1.2125 9.28 Sy +KB
4,F1 15.13 0.01 12.49 2.71 69.66 0.07 9.02 1999.6 1.3738 1.2126 9.28 Sy +KB+MB

5,E1 5.81 0.02 0.00 11.61 82.56 0.63 100.00 6136.7 1.3525 1.1138 10.07 KB+MB

6 4.80 0.02 1.36 6.59 87.23 0.55 68.82 7860.8 1.3503 1.0969 9.70 KB+MB
7 6.29 0.02 2.93 6.13 84.63 0.34 48.87 5824.9 1.3537 1.1132 9.58 KB+MB
8 8.07 0.02 4.45 6.30 81.16 0.19 39.30 4364.5 1.3586 1.1386 9.59 KB+MB
9 9.15 0.02 5.90 5.27 79.66 0.16 28.95 3778.4 1.3602 1.1451 9.50 KB+MB
10 10.70 0.01 7.73 4.36 77.20 0.12 20.48 3129.7 1.3602 1.1596 9.40 KB+MB
11 12.12 0.01 9.30 3.73 74.84 0.11 15.46 2679.1 1.3666 1.1752 9.37 KB+MB
12 13.36 0.60 13.46 0.86 71.72 12.53 2.82 2040.6 1.3734 1.1936 7.48 Sy +MB
13 13.32 0.68 13.66 0.89 71.45 14.16 2.90 2000.9 1.3730 1.1932 7.58 Sy +MB
14 10.78 1.66 14.20 0.91 72.45 33.08 2.84 1953.5 1.3790 1.1999 6.89 Sy +MB
15 10.08 2.01 14.58 0.92 72.41 39.05 2.82 1902.3 1.3774 1.1978 7.10 Sy +MB
16 8.34 2.72 15.07 0.93 72.94 51.17 2.75 1855.0 1.3819 1.2087 6.47 Sy +MB
17 7.60 3.17 15.68 0.97 72.58 57.28 2.75 1773.1 1.3823 1.2047 6.66 Sy +MB
18 5.45 4.26 16.89 1.01 72.39 71.53 2.67 1643.6 1.3909 1.1847 6.17 Sy +MB
19 3.84 5.49 18.93 1.22 70.52 82.14 2.86 1425.7 1.4011 1.2492 5.70 Sy +MB
20,E3 0.11 9.14 26.76 0.00 63.99 99.64 0.00 942.0 1.4322 1.3380 4.29 Car+Bis

21 0.23 9.03 26.53 0.00 64.21 99.23 0.00 953.5 1.4304 1.3304 4.51 Car+Bis
22 0.22 8.95 26.07 0.48 64.28 99.26 0.83 963.5 1.4302 1.3320 4.38 Car+Bis
23 0.25 8.81 25.55 0.84 64.55 99.12 1.49 980.4 1.4292 1.3301 4.58 Car+Bis
24 0.30 8.02 23.19 1.06 67.43 98.86 2.04 1122.5 1.4194 1.2961 4.19 Car+Bis
25,F3 0.10 8.31 23.42 1.98 66.19 99.64 3.72 1072.1 1.4230 1.3123 4.43 Car+Bis+MB

26,E4 2.21 6.94 22.26 0.00 68.59 90.99 0.00 1213.9 1.4117 1.2457 5.36 Sy +Car

27 2.12 7.00 22.33 0.00 68.55 91.39 0.00 1209.5 1.4117 1.2740 5.44 Sy +Car
28 2.01 7.01 21.99 0.64 68.35 91.81 1.31 1208.7 1.4130 1.2814 5.49 Sy +Car
29 2.07 7.01 21.94 0.83 68.15 91.61 1.70 1203.0 1.4129 1.2816 5.29 Sy +Car
30 2.46 6.35 20.23 1.13 69.83 89.24 2.48 1326.4 1.4126 1.2812 5.32 Sy +Car
31,F2 2.74 6.49 20.73 1.47 68.57 88.40 3.13 1262.5 1.4096 1.2740 5.32 Sy +Car+MB

32,E5 0.00 8.75 24.67 1.88 64.70 100.00 3.36 998.7 1.4277 1.3268 4.44 Bis+MB
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There are seven univariant curves corresponding to
E1F1 (K2B4O7·4H2O + Mg2B6O11·15H2O), E2F1 (KCl +
K2B4O7·4H2O), F1F2 (KCl + Mg2B6O11·15H2O), E4F2

(KCl + KCl·MgCl2·6H2O), F2F3 (KCl·MgCl2·6H2O +
Mg2B6O11·15H2O), E3F3 (KCl·MgCl2·6H2O +
RUSSIAN JOURNAL OF INORGANIC CHEMISTRY  Vo
MgCl2·6H2O), and F3E5 (Mg2B6O11·15H2O + MgCl2·
6H2O), indicating the cosaturation of two salts,
respectively.

Three invariant points F1, F2, and F3 cosaturated
with three minerals are marked as follows:
l. 66  No. 3  2021
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Fig. 2. Comparison of phase diagram of the the quaternary system (KCl + MgCl2 + K2B4O7 + MgB4O7 + H2O) at (288.15 [29],
298.15 [30], 308.15) K:  phase diagram at 288.15 K;  phase diagram at 298.15 K;  phase diagram at 308.15 K.
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Point F1 is saturated with salts KCl + K2B4O7·
4H2O + Mg2B6O11·15H2O. The mass fraction compo-
sition of the corresponding liquid phase is w(K+) =
15.13%, w(Mg2+) = 0.01%, w(Cl–) = 12.49%, and
w(B4 ) = 2.71%.

Point F2 is saturated with salts KCl + KCl·MgCl2·
6H2O + Mg2B6O11·15H2O. The mass fraction compo-
sition of the corresponding liquid phase is w(K+) =
2.74%, w(Mg2+) = 6.49%, w(Cl–) = 20.73%, and
w(B4 ) = 1.47%.

Point F3 is saturated with salts MgCl2·6H2O + KCl·
MgCl2·6H2O + Mg2B6O11·15H2O. The mass fraction
composition of the corresponding liquid phase is
w(K+) = 0.10%, w(Mg2+) = 8.31%, w(Cl–) = 23.42%,
and w(B4 ) = 1.98%.

The comparison of phase diagram of the quater-
nary system (KCl + MgCl2 + K2B4O7 + MgB4O7 +
H2O) at (288.15 [29], 298.15 [30], 308.15) K has been
made, as shown in Fig. 2. Figure 2 shows that the areas
of potassium chloride (KCl) and potassium borate tet-
rahydrate (K2B4O7·4H2O) are increased obviously and
the crystallization areas of hungchaoite (MgB4O7·
9H2O), carnallite (KCl·MgCl2·6H2O) and bischofite
(MgCl2·6H2O) are decreased slightly with the increase
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of temperature from 288.15 K to 298.15 K. The change
of crystallization zone is likely to be explained by the
relative high solubilities of MgCl2·6H2O and the exis-
tence of K2B4O7·4H2O with alkaline in the solution,
there is a strong salting-out effect to hungchaoite with
increasing of temperature. Moreover, it could be
found that crystallization zone of MgB4O7·9H2O is
existed at 288.15 K and 298.15 K, while transformed
into Mg2B6O11·15H2O at 308.15 K. With the increase
of the temperature, the crystalline areas of K2B4O7·
4H2O and KCl are decreased while the KCl·MgCl2·
6H2O and MgCl2·6H2O increased at 308.15 K. The
information about the change in the area of the crys-
talline zone can be suitable for the separation and
purification of potassium and magnesium salts from
brine.

In Fig. 3, the ordinate is the Jänecke index of water,
and the abscissa is the Jänecke index of magnesium. It
can be further found that Jänecke index values of
J(H2O) are changed regularly with the change of
J(Mg2+), and have singularity changes at the invariant
points. As can be seen in Fig. 3, the values of J(H2O)
in the univariant solubility isothermal curve of E1F1
are decreased sharply with increasing of J(Mg2+) at
308.15 K. On the univariant solubility isothermal
curves of F1F2, F2F3, the values of J(H2O) are gradu-
ally decreased with the increase of J(Mg2+). While the
F INORGANIC CHEMISTRY  Vol. 66  No. 3  2021
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Fig. 3. Water-phase diagram of the quaternary system (KCl + MgCl2 + K2B4O7 + MgB4O7 + H2O) at 308.15 K.
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values change of J(H2O) in the univariant solubility
isothermal curves of F2E4, F3E3, and F3E5 are minor,
respectively.

Figure 4 shows the comparison of the water-phase
diagram of the quaternary system (KCl + MgCl2 +
K2B4O7 + MgB4O7 + H2O) at 288.15 [29], 298.15 [30]
(in the literature), and 308.15 K. The tendency of the
water-phase diagram varied regularly and similarly
with increasing Jänecke index values of J(Mg2+). The
results show that the values of J(H2O) in the univariant
solubility curves of  and  are both decreased
sharply with increasing of J(Mg2+) at (288.15 and
298.15) K, while the values of J(H2O) in the  are
decreased more than that of . It may be caused by
the temperature has positive effects on the solubilities
of K2B4O7·4H2O in solution, and then the values of
J(H2O) are also affected by the continuous addition of
KCl. It is worth mentioning that because the MgB4O7·
9H2O was transformed into Mg2B6O11·15H2O at
308.15 K, the decrease of J(H2O) in the curve of E1F1
is different from the other two temperatures. The vari-
ation in the water-phase diagram indirectly reflects the
solubility changes of each salt in the system.

Figure 5 shows the identification results of the solid
phase minerals using an X-ray diffractometer. Figure 5a
shows the XRD pattern of mineral Mg2B6O11·15H2O
that is in good agreement with the standard pattern,
indicating that hungchaoite (MgB4O7·9H2O) had con-

1 1E F'' '' 1 1E F' '

1 1E F'' ''

1 1E F' '
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verted to Mg2B6O11·15H2O in this system at 308.15 K.
Figure 5b shows the XRD pattern of K2B4O7·4H2O and
Mg2B6O11·15H2O, which was well matched to the
standard diffraction pattern with powder diffraction
file (pdf) numbers 19-0950 and 11-0583, respectively.
It could be concluded that the existing form of
MgB4O7·9H2O was affected by K2B4O7·4H2O in the
solution. When MgB4O7·9H2O and K2B4O7·4H2O
were coexisted, the solution became alkaline due to
the presence of K2B4O7·4H2O, which led to the trans-
formation of MgB4O7·9H2O into Mg2B6O11·15H2O.

The Solution Physicochemical Properties
of the Quaternary System

The solution physicochemical properties including
density, refractive index and pH value of the quater-
nary system (KCl + MgCl2 + K2B4O7 + MgB4O7 +
H2O) at 308.15 K were determined and are presented
in Table 2, and the diagrams of solution density,
refractive index and pH value with the concentration
of J(Mg2+) were plotted in Fig. 6.

In Figs. 6a, 6b, solution density and refractive
index have the same tendency. The density values of
the equilibrium liquid phase increased gradually with
the increasing concentration of J(Mg2+) in the solubil-
ity isotherm curves of E1F1, E2F1, F1F2, F2F3, and E4F3
because of the addition of the other salt, and decreased
with the increasing concentration of J(Mg2+) in the
solubility isotherm curves of E3F3 and E5F3. The Mg2+
l. 66  No. 3  2021
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Fig. 4. Comparison of water-phase diagram of the the quaternary system (KCl + MgCl2 + K2B4O7 + MgB4O7 + H2O) at (288.15
[29], 298.15 [30], 308.15) K:  phase diagram at 288.15 K;  phase diagram at 298.15 K;  phase diagram at 308.15 K.
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Fig. 6. Diagram of solution physicochemical properties
versus J(Mg2+) of the quaternary system (KCl + MgCl2 +
K2B4O7 + MgB4O7 + H2O) at 308.15 K: (a) density, (b)
refractive index, (c) pH value.
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molality began to slowly decline because the solubility
of inderite was lower than the hungchaoite, which may
lead to the decrease of density and refractive index in
the solubility isotherm curves of E3F3 and E5F3.

Figure 6c shows the pH value versus composition
of J(Mg2+) in the solution. The pH values of the equi-
librium liquid phase increased gradually with the
increasing concentration of J(Mg2+) in the solubility
isotherm curves of E2F1, F2E4, and E3F3, and
decreased with the increasing concentration of
J(Mg2+) in the solubility isotherm curves of E1F1,
F1F2, F2F3, and F3E5. On the curves of E2F1 and E3F3,
the pH values of the equilibrium liquid phase
increased gradually because of the increase of total
Mg2+ molality in the solution with dissolving of
Mg2B6O11·15H2O and MgCl2.

CONCLUSIONS
Solid-liquid phase equilibria of the quaternary sys-

tem (KCl + MgCl2 + K2B4O7 + MgB4O7 + H2O) at
308.15 K were investigated using the isothermal disso-
lution method. Solubilities and physicochemical
properties including density, refractive index and pH
value were measured experimentally. Phase diagram of
the quaternary system consist of three invariant points
and five crystallization regions corresponding to KCl,
MgCl2·6H2O, K2B4O7·4H2O, Mg2B6O11·15H2O and
double salt KCl·MgCl2·6H2O, respectively. The size of
crystallization areas of salt is in the order Mg2B6O11·
15H2O > KCl > K2B4O7·3H2O > KCl·MgCl2·6H2O >
MgCl2·6H2O, which indicates Mg2B6O11·15H2O could
be more easily separated from the system. The solution
density, refractive index and pH value in the quater-
nary system changed regularly with increasing of
J(Mg2+) concentration in the solution. This phase dia-
gram can be used to guide the separating process of
potassium and boron salts from the salt lake brine.
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