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Reactive crystallization of Ca and Mg carbonates by CO2 fine bubble injection into concentrated brine –Effects of solution pH and temperature–
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Highlights
· Dolomite is selectively crystallized at pH of 5.3–6.8 and temperature of 273–298 K.
· Aragonite with high selectivity is obtained in range over 333 K at pH of 5.3 and 6.0.
· Mg(OH)2 as by-product is produced besides carbonates in pH range over 7.8 at 298 K.

1. Introduction
So as to build up a utilization system of seawater resources based on the salt production process, a recovery and upgrading method for calcium (Ca) and magnesium (Mg) from the discharge concentrated brine of salt manufactory in Japan was studied. From the viewpoint of solubility of salts, the synthesis of carbonate by reactive crystallization between the dissolved Ca2+ and Mg2+ in concentrated brine and CO2 can be considered as an effective separation/recovery method. In this study, the production regions of Ca and Mg carbonates from the concentrated brine were classified for operational parameters during the reactive crystallization using the minute gas-liquid interfaces around CO2 fine bubbles as novel reaction fields where the crystal nucleation proceeds predominantly. In the regions near the gas-liquid interfaces of CO2 fine bubbles, the local increase in the concentrations of Ca2+, Mg2+, and CO32- caused by the electric charge on fine bubble surface and the acceleration of CO2 mass transfer owing to minimizing the bubble diameter [1]. In this paper, we report that the effects of the solution pH and reaction temperature (Tr) on the selectivity of Ca and Mg carbonates during reactive crystallization from the concentrated brine with CO2 fine bubble injection.
2. Experimental
2.1 Concentrated brine    The concentrated brine discharged from salt manufacture was used. In Japan, NaCl is manufactured by evaporative crystallization after concentrating seawater through an electric dialysis membrane, and the concentrated brine that removed K+ by cooling crystallization is obtained concurrently with KCl. The major components of the above concentrated brine are MgCl2, NaCl and CaCl2, which have the concentrations of 2.1, 0.8, and 0.7 mol/L, respectively. 
2.2 Experimental apparatus      CO2 fine bubbles were continuously supplied to 300 mL of the concentrated brine, and CaMg(CO3)2 was crystallized in a crystallization vessel. CO2 fine bubbles with an average bubble diameter (dbbl) of 40 µm were generated using a self-supporting bubble generator by increasing the impeller shear rate under reduced pressure [1], with the rotation rate maintained at 1500 min–1 and the CO2 flow rate controlled at 11.9 mmol/(l·min). 
2.3 Experimental procedure      The initial solution pH in concentrated brine was adjusted at a specified value of 4.3–8.3 by adding 4.0 mol/l–NaOH or 1.0 mol/l–HCl solution, and the solution pH during reactive crystallization was maintained constant at a set value by adding 4.0 mol/l–NaOH solution. Tr varied in the range between 278 and 348 K using a thermostat bath, and the reaction time (tr) was controlled within 60 min. After the crystallization progressed for a specified length of time, the suspension was filtered and the reaction products were washed with deionized water and then dried at 373 K in a dryer. The selectivity of solid products was identified by the peak area ratio from X-ray diffraction.
3. Results and discussion
The selectivity of solid products at a tr of 60 min plotted against solution pH and TS is shown in Figure 1. At a pH of 5.3–6.8 and TS of 278–298 K, the dolomite (CaMg(CO3)2) crystallization proceeded dominantly. When TS increased to 333 K at pH of 5.3 and 6.0, aragonite CaCO3 as the dominant product was obtained. At a constant TS of 298 K, aragonite CaCO3, CaMg(CO3)2, and Mg(OH)2 were simultaneously obtained in the pH range over 7.8, and the selectivity of Mg(OH)2 became high at a pH of 8.3.
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Figure 1.  Effects of solution pH and TS on the selectivity of solid products.
4. Conclusions
[bookmark: _GoBack]The production regions of Ca and Mg carbonates from the concentrated brine by fine bubble injection were classified by the solution pH and TS. Consequently, the production of CaMg(CO3)2 with high selectivity was confirmed at a pH of 5.3–6.8 and TS of 278–298 K. The aragonite CaCO3 was preferentially produced in the TS range over 333 K at pH of 5.3 and 6.0. When the solution pH was greater than 7.8 at a constant TS of 298 K, not only CaMg(CO3)2 and aragonite CaCO3 but also Mg(OH)2 as a by-product was precipitated. 
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