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Fig. 1. Scheme of integrated of desalination, salt production and Mg recovery process
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Fig. 2. Solution composition of concentrated process fluid by evaporation

Table 1. Concentration of dissolved ions

(2D DA | BEEEA | B
Na® 0.699 3.270 0.977 04709
:-,[g} 2.230 0.033 0.1116 0.0546
K™ 0.821 0.0 0.0188 | 0.009308
Ca” 0.657 0.027 0.0215 0.0106
cr 7.200 3470 1.14 03504
5[]4:' 0.002 0.004 0.0584 0.0289
HCOS 0 0 0.0049 | 0002392
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Fig. 3. pH-species of brine and sea water
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Fig. 4. XRD results under the condition of 30°C sea water and SEM photomicrographs of deposited crystals under the
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Fig. 5. XRD results under the condition of 30°C concentrated sea water and SEM photomicrographs of deposited crystals
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Fig. 6. XRD results under the condition of 30°C brine and SEM photomicrographs of deposited crystals under the condition

of brine



FERAE B E 22T D7D T A K D EBRE B A g
L7=FLH% Table 2 (2R L7=, Table 2 7 5iE, EEREH
CTE RS RO — BT LR FEDFEDF ETH
7oty “BRALIRBAFAEL RV H E 1T — B L2,
TERLIRFEDTFET DL A IE SRR L o7z,
PR R & FER D "R LR B DIREN R DEZ 2 DI,
RN RS A KRBT D701, BT 5 ik
IRFIREZ A DT HUENZZ CHER TET,

3.4 [ZNYDIHE

JEEREL T Z W2 R TRLIIZRE D XRD
FENTRE B EHTH L7248 > SEM {4 % Fig. 7 1Z/RLTZ,

Fig. 7 ® XRD fENT OFE R HIL, 1ZH0 TIEAMS I
MK b~ 7 R T L Mg(OH), DA HFHIT,
WD HFIZEFL TWD T RV AA T (M) DR E
IEm<, Mg(OH), (23 A fafnb o a1~ T
VN2, Mg(OH), #f el M ZE T i L 72 B 2 6
7

3.5 HEROLE

WKL 7 oA L BE 7 n v A CHEEND, K,
IR, 22K, IZBVEJREHRIRE T HZ LT, KEE
b~ %37 1 Mg(OH), #tda & 155720 D B i AT a1 T
ST FUSERAT TR L > TN O pH AL
FTHDT, FraORE S SO RERE N <AL TLED
ZEIND, ERF O AR FEDORBIIE A LIZETA,
TR LIRFEOEEN DL RN o T, bR
DB P~ L2 A Mg(OH), DHTHHT LT, 1A%
X LR B DR EEZIFIZOD, DAKIT bR
FRORBEZ 0T NNl

M L 7o AR DTN L DE WA R L 7255 R
% Table 3 (TR~ $, 22T, Mg(OH), DA AW L7354
1340”, Mg(OH), IS D A1 D DIGE A, 2
DLLEDORH T X2 TR L 72, SIS, (b st
BRSOV THFILEIZFEHL T Table 3 [Z/RLT=,

Table 2. Comparison between simulation and experiment

Simulation Experiment

with CO, CaMg(CO;)z . CaCQO:s, MgCO3, Mg(OH)z
Mg(OH),

without CO, Mg(OH), Mg(OH),

Bittern
49 6 ;
[x107] L I — nifrogen purge
5L ——untreatéd

Intensity [cps)

Fig. 7. XRD results under the condition of 30°C brine and SEM photomicrographs of deposited crystals under the condition

of brine



Table 3. Evaluation of reaction crystallization by using brine and bittern
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Summary

Introduction In the desalination process of seawater, it is possible to simultaneously reduce the
environmental load and recover valuable resources by lowering the total salt of the concentrated sea water. There
are previous studies to recover Mg?* as Mg(OH),, in which another compound other than Mg(OH), may
precipitate at the same time. Therefore, it is necessary to consider the process of recovering only the compound
of Mg. By combining seawater desalination process and salt recovery process with Mg recovery process as a
integrating process, fresh water and salt and valuable resource Mg(OH), will be obtained at the same time. The
Mg precipitates changes depending on component and composition of process fluid. So, it is necessary to
consider the relation between the process fluid and species and crystal quality of Mg precipitates. The purpose of
this proposed study is to investigate a method of recovering Mg(OH), from various process fluid which consists of
various ions and composition.

Results and Discussion It is considered that as the total salt concentration decreases, more impurities
precipitated. By confirming the influence of carbon dioxide in the air, it was found that the bittern and
concentrated seawater are less susceptible to carbon dioxide, but brine and seawater are more susceptible to carbon
dioxide. When recovering Mg(OH),, it was possible to show the necessity of considering the concentration of
carbon dioxide dissolved in seawater. Consequently, it can be said that conditions for stable precipitating of
Mg(OH), were determined for various different process fluids. In the chemical equilibrium calculation, it was
found that the experimental results can be expressed well if any influence of carbon dioxide is taken into
consideration in any fluid. So it was shown that the dissolved concentration of carbon dioxide is an important
condition for determining precipitated materials.

Conclusion It was possible to find the dominant condition for recovering Mg(OH), from each process fluid
by combining chemical equilibrium calculation and experiment. In addition, by evaluating the quality of crystals
obtained from each in terms of contaminants, we could show the policy of which process fluid should be selected

for the recovery of Mg(OH),.



