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Experimental procedure
Precipitation method for ROC treatment
In this experiment, different dosages of CaO (final concentrations of 0.1, 1, 5, and 10 mM, respectively) or NaOH (final concentrations of 0.1, 1, 5, and 10 mM, respectively) were added into the ROC, stirring at room temperature (25 ± 3℃) for 4 hours. After the reaction, the mixture was filtered through filter paper. Then the conductivity and pH of the filtrate were measured by conductivity meter and pH meter, respectively. And the concentrations of Ca2+ and Mg2+ in the filtrate were determined by inductively coupled plasma optical emission spectrometer (ICP-OES). The ion removal rate (%) can be calculated by the following formula:

Where, η is the ion removal rate (%);  and  are the initial and final concentrations (mM) of Ca2+ or Mg2+ in the filtrate, respectively.
In addition, the effects of reaction time on the removal rates of Ca2+ and Mg2+, solution conductivity, and pH were also investigated. After adding 5 mM (final concentration) of CaO or NaOH to the ROC, the reaction was stirred at room temperature (25 ± 3℃). The conductivity, pH, and concentrations of Ca2+ and Mg2+ in the solution were measured after different reaction times (time intervals of 10, 30, 60, 90, 120, 150, 180, and 240 min, respectively). The ion removal rate was calculated according to equation (1).

Precipitation-carbonation process for ROC treatment 
In this experiment, different dosages of CaO (final concentrations of 0.1, 1, 5, and 10 mM, respectively) or NaOH (final concentrations of 0.1, 1, 5, and 10 mM, respectively) were added to the ROC. After stirring evenly, air was blown into the reaction solution at room temperature (25 ± 3℃). After finishing the carbonation reaction, the mixture was filtered through filter paper. Then the conductivity and pH of the filtrate were measured by conductivity meter and pH meter, respectively. The concentrations of Ca2+ and Mg2+ in the filtrate were determined by ICP-OES. The ion removal rate (%) is calculated by equation (1).
In addition, using the CaO precipitation-carbonation process as an example, 5 mM of CaO (final concentration) was added to the ROC, stirred evenly, and aerated at room temperature (25 ± 3℃). The conductivity, pH, and concentrations of Ca2+ and Mg2+ in the solution were measured after different carbonation times (time intervals of 10, 30, 60, 90, 120, 150, 180, and 240 min), and the ion removal rate was calculated according to equation (1).

Two-stage precipitation-carbonation process for ROC treatment 
In combination with carbonation process, a two-stage precipitation process using CaO and NaOH was designed to treat ROC (Fig. 1). In stage I, an appropriate amount of CaO is added to the ROC, while carbonation treatment is carried out to remove most of the Ca2+ from the ROC, while almost no Mg2+ was precipitated, thereby obtaining high-purity CaCO3 precipitates; In stage II, in order to remove the remaining Ca2+ and Mg2+ from the ROC, an appropriate amount of NaOH was added into the filtrate of stage I.
Firstly, the effect of CaO dosage on the removal rates of Ca2+ and Mg2+ in stage I was investigated. The different dosages of CaO (final concentrations of 1, 3, 5, 6, 7, 8, 9, and 11 mM) was added into the ROC, and then blowing air into the reaction solution at room temperature (25 ± 3℃) for 4 hours. After that, the mixture was filtered. The conductivity and pH of the filtrate were measured by conductivity meter and pH meter, respectively. The concentrations of Ca2+ and Mg2+ in the filtrate were determined by ICP-OES. The ion removal rate was calculated by formula (1). After fully drying the obtained precipitates in a 75℃ oven, it was characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM), and Fourier transform infrared spectroscopy (FTIR).
Secondly, the effect of carbonation time on the removal rates of Ca2+ and Mg2+ in stage I was investigated. Add 7 mM (final concentration) CaO to the ROC, stir evenly, and then blow air into the reaction solution at room temperature (25 ± 3℃) for a certain time (time intervals set to 10, 30, 60, 90, 120, 150, 180, 240 min, respectively). After that, the mixture was filtered. Measure the conductivity, pH, and concentrations of Ca2+ and Mg2+ of the filtrate, and dry the precipitates in a 75 ℃ oven for subsequent XRD and SEM analysis.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Finally, the effects of NaOH dosage and stirring time on the removal rates of Ca2+ and Mg2+ in stage II were investigated. In stage I, 7 mM (final concentration) CaO was added to the ROC, stirred evenly, and the reaction solution was carbonated for 4 hours at room temperature (25 ± 3℃). After the CaO precipitation-carbonation process, the mixture was filtered. Add different dosages of NaOH (final concentrations of 1, 3, 4, 5, 6, 7, and 8 mM) to the filtrate of stage I, and stir at room temperature (25 ± 3℃) for 4 hours. After that, the mixture was filtered. Measure the conductivity, pH, and concentrations of Ca2+and Mg2+ of the filtrate. And the precipitate is dried in a 75℃ oven for subsequent XRD and SEM analysis. Similarly, 7 mM (final concentration) of NaOH was added into the filtrate of stage I, stirring at room temperature (25 ± 3℃) for a certain time (time intervals set to 10, 30, 60, 90, 120, 150, 180, 240 min respectively). After reaction, the mixture was filtered. And the conductivity, pH, and concentrations of Ca2+ and Mg2+ of the filtrate were measured, and the ion removal rate was calculated according to equation (1).











Table S1 Characteristics of the real brackish water ROC
	Parameters
	Na+ 
(mM)
	Ca2+ (mM)
	Mg2+ (mM)
	SO42- (mM)
	Cl-
(mM)
	pH
	Conductivity (μS/cm)

	
	2.26
	3.25
	1.25
	3.53
	2.58
	7.72
	1071




