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Abstract: There are several saline waters which contain large amount of Mg2+, such as sea water,
natural brine, ore leaching, process stream, geothermal brine, bittern, etc. Typically, magnesium
chloride aqueous is rejected during the potash process and disposal of this can comprise significant
environmental issues. Thus the aimed extraction of this salt can avail environmentally and
economically. In this study, main facets of the recovery process for pilot plant probe were studied in
a laboratory scale. The magnesium chloride was extracted from concentrate with help of the chemical
precipitation and evaporation-crystallization processes. For more extraction efficiency carnalit water
washing and added recycle stream methods were investigated, separately. The recovery yield and
magnesium chloride purity was obtained 75% and 98%, respectively.
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INTRODUCTION

Magnesium is usually extracted in the form of MgCl2, MgO, magnesia, and more less Mg (OH) 2 by
different methods from saline water.

Magnesium chloride salts are utilized in textile, paper, ceramic and refractory. Magnesia is used mostly
for linings in furnaces and Magnesium hydroxide is consumed chiefly in industries of pharmaceutical, and
desulphurization of fuel gases. These components also can be processed by two different methods in to
magnesium metal. This metal is used in a diverse range of markets and applications, each one exploiting the
unique physical and mechanical properties of the element and its alloys (Austin, 1984; Kramer, 1992; Booster,
et al., 2003).

Various investigations on magnesium extraction of these brines have been done. Generally, at these studies,
considering the amount of magnesium and other metals as the product and also kind of impurities in saline
water extraction methods can be generally classified in the chemical precipitation process (Moote and Reed,
1985; Boryta, 2000; Karidakis, et al., 2005; Roche and Prasad, 2005; Al Mutaz and Wagialia, 1990; Andre
Aubry, Mulhouse, Michel Bichara, 1979), Ion exchange resin (Lee and Bauman, 1980; Khamizov et al., 1998;
Muraviev, et al., 1996), solvent extraction (Rinstead et al., 1970; Anil and Syamal, 1974) and coproduction
by other metal salt products by means of evaporation-cooling methods ( Kýlýc and Kýlýc, 2005; Le Diracha
et al., 2005). Magnesium was recovered in these methods directly and indirectly.

Chemicals consumption after become ejected in regeneration the ion exchange resins is the principal defect
of ion exchange (Brown et al., 2005). In solvent extraction, governing conditions on system such as
concentrations, temperature and rate of mass transfer between two phases must be controlled carefully. 

Iran Great Desert has a large part of evaporating marl sediments that its surface covered with a layer of
salt which is relatively thick. Brine in the depth of 2 to 100 meters includes considerable quantities of
potassium salts with magnesium, calcium, sodium chlorides and sulfate. This brine is used in a potash unit for
extracting the potassium. Resulting concentrate has a relatively large amount of magnesium chloride. Typically,
a magnesium chloride aqueous is rejected during such an operation and the disposal can comprise significant
environmental issues. Thus the aimed extraction of this metal can be environmental and economical benefits.

Principally, for separation of selected metal from saline waters, some criteria such as economic,
physicochemical i.e. element formula and technical criteria must be consider (Le Diracha et al 2005).
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Magnesium and calcium have many similar chemical properties, which make some difficulties for high
magnesium purity extraction (Lee and Bauman, 1980). Therefore chemical processes are conventionally
employed for the extraction of magnesium from brine (Al Mutaz and Wagialia, 1990). Also considering
different solubility between sodium, potassium and magnesium chlorides (Clynne and Potter II, 1979). the most
of sodium and potassium chlorides can be eliminated by evaporating until these salts sediment out of the
solution (Kýlýc, A.M. Kýlýc, 2005; Jeppesen et al., 2009; Gaska, 1966).

The aim of this probe is the extraction of magnesium from the resulting concentrated of the potash unit.
With regard to impurities existing, chemical and physical processes were employed for extraction,
simultaneously. Additionally, for more efficiency and purity of magnesium chloride, an evaporation stage was
equipped by a recycle stream.

MATERIAL AND METHOD

In this work, Iran Great Salt Desert brine as feed was used in potash unit for potassium recovery.
Analysis of resulting potash unit concentrate through atomic absorption spectrophotometry technique

(A.A.S.) was performed and its chemical composition is shown in table 1.
Chemical precipitation reaction was carried out by sodium sulfate (99% purity) in a 1 L batch reactor was

equipped with a mixer.
Evaporation and crystallization Steps were performed by help of a heater and hot plate at 40-60 °C and

a cooler at 25 °C. The precipitated salt samples were percolated by filter press and were dried for 2 hours at
85 °C in an electric furnace. Crystals and solution obtained were analyzed by X-ray and A.A.S. techniques,
respectively.

For Magnesium Recovery the Procedure Is as Follows:
At first, calcium ions were precipitated as CaSO4.2H2O (gypsum) by adding sodium sulfate with 1.03 SO4

2-

/ Ca2+ molar ratio at 27 °C and 40 minutes in the reactor. Sodium chloride was separated from brine by
evaporating till the density was achieved 1.27 g/L. Continuously by reaching the density at 1.34 g/L rest of
sodium and potassium chlorides were sediment in the form of crystals. For more extraction efficiency, the
evaporation stage was equipped by a recycle stream. At the end of the procedure, remaining solution was
evaporated until all the magnesium chloride crystals were obtained as MgCl2.6H2O (bischofite).

Experimental
1. Calcium Ions Precipitation:

Because of high concentrations of calcium in the concentrate, magnesium cannot be extracted in high
purity by only physical processes such as evaporation-crystallization. Therefore chemical precipitation reaction
was used initially. 

The precipitation of gypsum is represented by following reaction:

CaCl2 (aq) + Na2SO4 (aq) � CaSO4.2H2O � + 2NaCl (aq)

The progress of this reaction is dependent on time, acid concentration and temperature (Dutrizac and A.
Kuiper, 2006; Hoang et al., 2007; Ghaderi et al., 2009; Kruger et al., 2001).

To determine these optimal parameters, several experiments were carried out in the laboratory to define
precipitation time, SO42-/Ca2+ molar ratio and reaction temperature. Figures 1,2,3 illustrate results of these tests.
Optimal values were obtained 40 minutes and 1.03 and 27 °C (laboratory temperature), respectively. Based
on studies, by increasing temperature the amount of formed sediment will be increased and their size became
smaller. At higher temperatures separation of deposits will be more difficult. At lower temperatures, the
reaction will not be much progressed and is not economical. 

The major amount of calcium ions (98%) was precipitated by means of chemical precipitation reaction.
At this stage a little amount of magnesium wasted in filter cake. The density of brine after calcium

removing was 1.21 g/L and its composition is shown at Table 2.

2. Sedimentation of Sodium Chloride;
Solution with the analysis is mentioned in table 2, was evaporated until reaching the density of 1.27 g/L

by a heater. Produced crystals were separated by filter pressing. The table 3 shows the mother liquor and
crystals analyses. At this stage the main amount of NaCl (halite) was crystallized. 
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Table 1: The Chemical composition of potash unit concentrate (density: 1.29)
Ion g/L
Ca2+ 25
Na+ 21.10
K+ 7.60
Mg2+ 37.80
Cl- 120.09
SO42- 2.1

Table 2: The chemical composition of brine after removal of calcium (density: 1.21 g/L).
Ion g/L
Ca2+ 0.96
Na+ 35.66
K+ 13.72
Mg2+ 41.28
SO42- 5.2

Table 3: The mother liquor and crystals analysis after NaCl precipitated (density: 1.27 g/L).  
                      Liquor Mother                           Precipitate
--------------------------------------------------------- --------------------------------------------------------------------------
Ion g/L Component wt%
Ca2+ 0.4 CaCl2.2H2O 2.43
Na+ 13.92 NaCl 12.59
K+ 22.17 Kcl 0.95
Mg2+ 63.79 MgCl2.6H2O 18.37
- - MgSO4.H2O 2.11

Fig. 1: Effect of time on reaction progress ( SO42- / Ca 2+  molar ratio = 1.03, temperature = 27 °C )

Fig. 2: Effect of SO42- / Ca 2+ ratio on percent of Ca separation (temperature = 27 °C, time = 40 min)

3. crystallization of Potassium Chloride
Resulting brine at 1.27 g/L density, was continuously evaporated to 1.34 g/L density and after cooling the

solution, the produced precipitated was filtered.
The mother solution and crystals analyses are presented in table 4.
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Crystals at this stage generally were KCl.MgCl2.6H2O (carnallite) and remaining amount of NaCl, causing
low extraction efficiency. Concentrations of sodium, potassium and magnesium chlorides via density are
depicted in figure 4.

To increase the extraction efficiency, magnesium chloride from produced crystals mixture - density range
1.27-1.34 g/L - can be retrieved with two methods.

Fig. 3: Effect of temperature on percent of Ca separation (SO42- / Ca 2+ molar ratio = 1.03, time = 40 min)

Fig. 4: Concentration of magnesium, sodium, potassium chlorides in various solution density

5. recovery of Magnesium from Carnallite:
Two alternative methods were experienced to separate magnesium from carnallite.

5-1. Carnallite Water Washing:
With regard to composition of produced crystals at 1.34 g/L density the amount of water required to

dissolve the magnesium chloride was estimated. Crystals were washed twice by water in 25 °C and 40 °C for
20 minutes in a batch reactor. 

Purity and recovery yield of magnesium in 20 °C and 40 °C were determined 93.2%, 70 % and 92.1%,
82%, respectively.

In this method, recovery efficiency was somewhat high (82%) but low grade product has no industrial
value. Moreover high water consumption makes it useless.

5-2.carnallite Recycle Stream:
At this stage, produced crystals mixture - density rang 1.27 to 1.34 g/L - was dissolved in the bittern at

49 °C and evaporated again. 
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Table 4: The mother liquor and sediment analysis after crystallization of potassium (density: 1.34 g/L )
                    Liquor Mother                           Precipitate
------------------------------------------------------------------ -----------------------------------------------------------------------
Ion g/L Component wt%
Ca2+ 0.1 CaCl2.2H2O 0.44
Na+ 1.66 NaCl 12.59
K+ 0.95 KCl 15.16
Mg++ 115 MgCl2.6H2O 68.92
- - MgSO4.H2O 2.53

Table 5: The analysis of final  mother solution to magnesium recovery
Component Wt%
CaCl2.2H2O 0.03
NaCl 0.42
KCl 0.18
MgCl2.6H2O 98.62
MgSO4.H2O 0.52

Table 6: The produced bischofit crystals analysis
Ion g/L
Na+ 0.44
K+ 0.02
Mg2+ 11.82
Cl- 36.72
SO42- 0.52

6. Magnesium Chloride Recovery:
Finally, resulting solution was evaporated until all the magnesium chloride crystals as bischofite was

obtained. Crystals are needle shaped and fully colorless.
Balance of cations and anions approves existence of MgCl2.6H2O, MgSO4.H2O, NaCl and KCl in the

crystal structure.
For determining the purity of the product, the amount of chloride and sulfate is measured by help of

potentiometric method and turbidities polls, respectively. Analysis of solution obtained at last step and
bischofite crystals are shown in tables 5, 6.The purity of bischofite was calculated 98.06 % and the extraction
efficiency is obtained 75%. Figure 5 shows the overall scheme of magnesium extraction system.

Conclusion:
The metal recovery from saline water is becoming increasingly common.
In this field reject of resulting concentrate from industrial units raises significant environmental issues. The

extraction of some marked metals from the concentrate has several environmental and economic profits.
Resulting potash unit concentrate was determined to be dominated by Mg with lesser amount of Na, K,

Ca chlorides and sulfate. 
In this paper magnesium chloride by help of chemical and physical processes was extracted from

concentrate and following results achieve:

1. Sodium sulfate was utilized to precipitate calcium ions as gypsum. In this reaction the optimum parameters
were set 40 min, 1.03 for acid molar ratio and 25-30 °C.

2. To obtain one kilogram of bischofite, 475 grams sodium sulfate was consumed.
3. Carnallite water washing method for increasing of extraction efficiency was not economic because of high

consumption of water and low grad product. Therefore a recycle stream was utilized in evaporation steps.
4. Magnesium chloride with purity and efficiency of 98.6% and 75% was recovered, respectively.
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