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Abstract. In this paper, the physical properties of brine with different dilution ratio, such as density, pH
value, viscosity, electrical conductivity and refractive index were studied. Meanwhile, the solubility property
of sodium chloride (NaCl), magnesium chloride hexahydrate (MgCl2 ·6H2 O) and potassium chloride(KCl) in
the dilution brine at d ifferent temperature were investigated. All of physical propert ies of brine with d ifferent
dilutions regular changes were showed. Fo llo wing with the elevating of the mass ratios, the increasing rate of
the solubility of NaCl, Mg Cl2 ·6H2 O and KCl tends to be reduced. And the solubility of chlo ride-type
inorganic salts increased when added the dilution ratios of brine at different temperatures. The solubility in
brine is strongly dependent on the presence of other ions in solvents. The differences in the solubility might
strongly influence the physical and chemical property of the brine in dissolution of lo w-grade potassium
deposit. We used the XRD analysis method and SEM analysis the typical particles to get in -depth
understanding the occurrence characteristics of low-grade sulfate type solid potash ores in Dalangtan area of
China. These basic data which was useful for extracting potassium ch loride (KCl) fro m ch loride-type brine
was consummated.
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1. Introduction
Salt lakes are widely distributed in the northwest of China. To illustrate, some lakes in the QinghaiXizang (Tibet) Plateau have the greatest concentration of the salt in China. Situated in the northwest of
Qinghai province in China, Caidamu Basin which is known as the Chinese cornucopia consists of a series of
saline lakes, such as Caerhan Lake, Dongtai Lake, Xitai Lake and Yiliping Lake. Among these lakes,
Caerhan Lake is the main source of Chinese potassium fertilizer. The natural brine of this area is highly
similar to the seawater system(Na+K+Mg+Cl+SO4 +H2 O) [1]-[3].
There exists a big gap in the utilization of potash fertilizers in the large agricultural country, China [4][6]. Nevertheless, numerous salt lakes with Potash resources contribute to help alleviate the national shortage
of potash fertilizers to some extent, which, however, fail to meet China’s great demand for potash resources.
As a result, 70% of the potash consumption remains dependent on import [7]-[9]. The main characteristic of
solid potassium deposit in China is less high-grade potassium deposit and more low-grade solid potassium
deposit. As yet, numbers of low-grade solid potassium deposit has not been made comprehensive use. Brine
is the kinds of complex solutions which contains many ions such as Mg2+ , K+, Na+, SO4 2+, Cl- and a little of
some other ions. It is one of the industrial scrap from factories near salt lakes, which can influence the
surrounding environment if it is directly discharged [10]-[12]. To extend the service life of salt lake and get
full use of low-grade solid potassium deposit, we study the dissolution low-grade solid potassium deposit
technique.
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We want to dissolve the low-grade solid potassium deposit in diluted brine. It’s known by X-ray
diffraction that the low-grade solid potassium deposit in Dalangtan area contains NaCl, KCl and MgCl·6H2 O.
So it is necessary to study solubility of NaCl, KCl and MgCl·6H2 O in diluted brine [13]-[16].
In this article, the physical properties of brine with different dilution ratio, such as density, pH value,
viscosity, electrical conductivity and refractive index were studied. We used the brine from Liangzhong
deposit of Dalangtan Basin in Chinese as one material of solvents. Meanwhile, the solubility property of
sodium chloride (NaCl), magnesium chloride (MgCl2 ·6H2 O) and potassium chloride (KCl) in the dilution
brine at different temperature were investigated. Using the brine as material can help us carry out extract
potassium chloride (KCl) from chloride-type brine.

2. Experimental Section
2.1. Apparatus and reagents
Doubly deionized water (DDW) with conductivity less than 10-4 S m-1 and pH 6.6 at room temperature
(298.15 K) was used to dilute the brine and for chemical analysis. The purity grade of the reagent NaCl is
greater than 99.5 mass%. And this reagent was obtained from Tianjin Dengke Chemical Reagent Ltd. A DF101S heat collection-constant temperature type magnetic stirrer with a precision of ±1 K was designed by
Changzhou National Laboratory Equipment Research Institute for solubility experiments. A gravity bottle
method with a precision of ±0.0002 g·cm−3 was used for the determination of the density of the original brine
and the diluted brine. The original brine was collected in the salt lake of Liangzhong deposit of Dalangtan.
X-ray diffraction was used to analyze the composition of low-grade solid potassium deposit in Dalangtan
area.
The magnesium sulfate subtypes brine was collected from Dalantan salt lakes in summer, belonging to
Qinghai Mangai Xingyuan Potash Limited Liability Company. Raw brine ions compositions by chemical
titration analysis were showed in Table 1.
Table 1: The ions composition of the magnesium sulfate subtypes brine from low-grade potash ores.
Inorganic ions
Percentages (wt%)

Na+

K+

Mg 2+

Cl-

SO4 2-

1.83

1.54

5.30

16.19

4.69

2.2. Experimental method
The in-situ sampling method was used in this study to decrease the system error. A series of new
solvents were mixtures of the original brine and DDW using different mass ratios. The water/brine mass
ratios used were 0, 0.5, 1.0, 1.5, 2, 2.5, and 3.0 showed in Fig.1 respectively. During the dissolution
experiments, the quantity of NaCl is excessive and loaded into a clean glass container. Then the solvent with
the mass ratio of 1:0.5 was added into the container, and the container was put into the DF-101S heat
collection-constant temperature type magnetic stirrer at 293.15(±1)K. After the whole system being stirred
well for two hours, 2ml supernatant was quickly transferred into volumetric flask to analyze the
concentration of Cl- ion. Meanwhile, adding DDW into the container to change the mass ratio of the original
brine and DDW into 1:1. The next step is as the same as the above description. We didn’t change the
temperature until the mass ratio of the original brine and DDW in the solvent had become 1:3 and 2ml
supernatant had been transferred. We also studied the dissolution property of NaCl in solvents with different
mass ratios of the original brine and DDW at 308.15(±1) K, 328.15(±1) K, 348.15(±1) K, 358.15(±1) K.

2.3. Testing method
The quantitative analyses of brine ions compositions were: the sodiumc tetraphenylborate-quaternary
ammonium salt reversed titration method to determine the concentration of K+[9], EDTA titration
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determination of Mg2+ content; Mercury method to determine the Cl- content; BaCl2 turbidity method to
determine the SO4 2- content and Na + ion content measured using equivalent minus according to ion balance.

3. Result and Discussion
Densities of the original brine and the diluted brine at 298.15K were determined and are showed in Fig. 1.
These data are useful for calculation of the solubility of sodium chloride. Fig. 2 is XRD image of low-grade
solid potassium deposit, It is shown that the low-grade solid potassium deposit in Dalangtan area contains
NaCl, KCl and MgSO4 •6H2 O. Fig. 3 is SEM of low-grade solid potassium of magnesium sulfate subtypes.
The results showed the potassium chloride amongst sodium chloride substrate with each other associated. Fig.
2 (F) was the horizontal cross section graph of low-grade solid potassium deposit. The others physical
properties of brine with different dilution ratio, such as pH value, viscosity, electrical conductivity and
refractive index were showed in Fig.4-7. These works have some reference significance for the
comprehensive utilization of low grade sulfate type solid potash ores.
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Fig. 1: The density of the brine of different dilution ratio

Fig. 2: XRD image of different crystalline low-grade solid potassium deposit

Will wave beach area extracting potassium old bittern using diluted with water to its solvent on the basis
of physical properties were determined. The density, pH value, viscosity, conductivity and other physical
parameters along with the change of dilution ratio curve. The physical parameters of the measurement for the
actual deployment of old bittern provide the basis data used for dissolving ore process, is helpful to choose
appropriate leaching conditions.
The effect of the mass ratios of doubly deionized water and the original brine on the solubility of
magnesium chloride hexahydrate at different temperatures was investigated and the result show in Fig.7.
From this result, we can see that the solubility of magnesium chloride hexahydrate increased when the mass
ratios of DDW and the brine increased. While the increasing rate of the solubility of magnesium chloride
hexahydrate tends to be reduced following with the elevating of the mass ratios of DDW and the brine. These
results were caused by the influence of salting-out effect weakened because of the decrease in the
concentrations of all the ions in solvents [17]-[20].
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Fig. 3: SEM image of low-grade solid potassium of magnesium sulfate subtypes
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Fig. 4: pH value of the brine of different dilution ratio
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Fig. 5: The viscosity of the brine of different dilution ratio
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Fig. 6: The refractive index of the brine of different dilution ratio
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Fig. 7: The conductivity of the brine of different dilution ratio
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Fig. 8: The solubility of magnesium chloride hexahydrate under the different temperature

We can get from Fig. 8 that the increasing of temperature showed little influence on the solubility of
magnesium chloride hexahydrate in diluted brine just like in pure water. That may be because ions in solvent
moved quickly with the increasing of temperature, which had little effect on the solubility of sodium chloride.
It was also found that the solubility of magnesium chloride hexahydrate in pure water was much higher than
ones in diluted brine because of salting-out effect [21], [22]. In other words, the solubility of magnesium
chloride hexahydrate in brine is the result of the common effect of all those ions in brine.
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Fig. 9: The solubility of magnesium chloride hexahydrate of under different dilution ratios of old bittern

Fig. 9 showed that the solubility of MgCl2 ·6H2 O in K+ , Na+, Mg2+//Cl- , SO4 2-—H2O brines has been
measured in the temperature range of 20 to 65 C using the isothermal dissolution method. The solubility of
MgCl2 ·6H2 O in all cases investigated was found to decrease with increasing temperature. Meanwhile, we
ignored the change of volume in liquid phase during the process of calculation. according to the equilibrium
phase diagram of the quinary system K+, Na+, Mg2+//Cl-, SO4 2-—H2 O [23], [24].
In order to study the effects of ions on the solubility of magnesium chloride hexahydrate, we need to
know the solubility varying with the mass-ration of ions in brine. But there are complex interactions between
ions; the effect of ions on the solubility of magnesium chloride hexahydrate in brine need further study. And
this is our next work.

4. Conclusion
In order to get full use of low-grade solid potassium deposit and study the solubility of compositions of
low-grade solid potassium deposit in diluted brine. In this paper, the physical properties of brine with
different dilution ratio, such as density, pH value, viscosity, electrical conductivity and refractive index were
studied. All of physical properties of brine with different dilutions regular changes were showed. Following
with the elevating of the mass ratios, the increasing rate of the solubility of NaCl, MgCl2 ·6H2 O and KCl
tends to be reduced. And the solubility of chloride-type inorganic salts increased when added the dilution
ratios of brine at different temperatures. The solubility in brine is strongly dependent on the presence of other
ions in solvents. The differences in the solubility might strongly influence the physical and chemical property
of the brine in dissolution of low-grade potassium deposit. We used the XRD analysis method and SEM
analysis the typical particles to get in-depth understanding the occurrence characteristics of low-grade sulfate
type solid potash ores in Dalangtan area of China. These basic data which was useful for extracting
potassium chloride (KCl) from chloride-type brine was consummated.
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