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Table.1 Concentration of concentrated seawater
=3

R [mol/] ED Ak 50, o BLKSEE
[Ca®'] 0.031 0.062 0.67
Mg?'] 0.083 0.18 2.1
[Na'] 2.6 4.0 1.1

[CI] 2.9 4.5 6.3
[Mg?']/[Ca®] 2.7 29 3.1
[Ca?*][Mg*'] 0.0026 0.011 1.4

(In [Ca®"][Mg>'] -6.0 4.5 036 )
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Fig.1 Semi-batch type crystallization apparatus equipped with fine bubble generator
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(Tech Ind. ) % W THRAEIHETZ, CO, E/LMLARH
FE (Feo2) BEW Oy ENMAGHEE (Fo) &K %
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THHREGTND, —fIZ, CaMg(COs), DIFfRIE X
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&b DRI A~OWEBEEORDICERT 5 & HiLE
b,

B AKD B BT Ca « Mg IRERYE ORISR
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CaMg(CO;), MEIE 100%DEARPETEMT LTz, £,
CaMg(CO;), H D Mg/Ca i  OEEINT & & 720K
L, 73 90min |Z81F 5 Mg/Ca X 0.86 (2 L7,
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Fig.3 Time changes in particle size distribution of Ca*Mg carbonates
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Fig.5 Time changes in particle size distribution of Ca*Mg carbonates
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it K 357 COMFHINN 2T, ED 2>A7KIZ COY/0/N, 7
7 A NI NV ARG T DG AT OV T B RET AT
STz, KRB O LRI E ORI OMEE L0 4
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TEHL U724 R % Fig. 6a) R, £72, ke LT,
BEFERFSE DIZB W T COL AR T AD 7 7 A /T )b

(Feo2=5.96 mmol/(L-min)) % Bifefitif L 72 B34 Ok 5
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Fig.6 Relationship between [Ca®'][Mg?'] and 7; (i: aragonite CaCQj3;, CaMg(COs),) during injection of a) CO»/O»/N; fine

bubbles or b) CO, fine bubbles

3. 2 CO2/02/N2 58D dbwi HY Ca-Mg [ ERIE D K its
BATICRIT 28 (B K &)
3. 2.1 Ca-Mg REEIEDINEH LU Mg/Ca Lt DR
FED LR

3 FEOBU TREHE T The b [Ca? Mg 1D I K 3
HEHWDIEAIZBVT, CO/0/N, ZId ORGSR %
BT D 7201T, dow ZHEIERF- & U CREM 722 IR &
IMZ 720 dom 75 40 F£ 7213 2000 pm T S 7= [EFI AR
¥ XRD /" Z — 2 DA Fig. 7 127”7, WTio
Aol IZBUVT H CaMg(COz), DEIPT /N H — o 3G B iLT,
dopr 75 40 um TIE, RIS U T CaMg(CO;s), 1 D
Mg/Ca OB KICEINT 2 20 = 294°D[a{fi &'— 2

(104)if0) D= EMA~OBITIMER I T,

i K AT dowt DF7R2 D COL/0o/Ny TS Z it L7z
B A AR L2 CaMg(COs)y @ U & (Caotomite) 3 & OV
Mg/Ca Lt DFFRIZAL % Fig. 8 {Z/R" T, dot DI E D
IRV ATREH] (REdE ORI D ETO
R B AVERE S, 6 OIS U7 Cootomite 38 &
O Mg/Ca LLOMI RPN L 70D 2 &R0 D, dow DY
40 um, £ 723 90min T Cyolomire I3 £ T Mg/Ca trlTZ 1
FI032mol/L BL V086 IZEELT-, T, &KJaD
(kI & b7 O [T IO KIZ L 5 CO, WE
BEhORE, BILORIEOAOREEMFFEICER S
HHOEHEEIN D, —RIT, dow D 10 pm ORIE D H

MR EORIFE LR HT 5 &, 1000 pm DX
JAIZ A~ 100 fFICHERT 5, S BIT, Young-Laplace 7
£V, 10um OFIEOWEIE D ILKIEEFIC % L
2.9x10*Pa {9~ %, £ DER, KARMIOWE BB
IR TX D LUE LA T, &80 B R
HEHEDO W ~OWEBEEIL dw % 1000 pm 2> 5
10 um T ESESZ LT 6x10* fFIT KT 5, %
7=, KFIZEBIT B 10 pm OKIEOTE FHEE T 1000 pm
DOEIAD 1.7x10° 53D 1 £ TR L, B - Bk
EOWEBBE R 1.0x10°8 f5E THEINT 2 2, £7,
BEAEAIFZE DIV, M 72 SR S i C O AH A
TEFNZ DWW TR 5 7212, TR DR Ny A D
T 7 AT A F AZ K, 0.1 mol/L-CaCly /K
K, F721% 0.1 mol/L-MgCL KK L, B—4 &
N2 RE LIRS R, do 23 10-30um O 7 7 A /37 )L
LA A 22K T-50 205H-80 mV OEMEH L,
0.1 mol/L-CaCl, /K¥&E % 72 1% MgClL /KIEKHT TD 7 7
A UNRTNVOE—HEIL 0 mV IZEO ZEEHL
MZLTWD, LD LY, dw 25 40 um D
COy/O/Ny 7 7 A U N T IAFE TIZH 1T 5 CaMg(COs),
D Mg/Ca FLDHRIT, KRS ST T o Mg?', Ca?*
DTS LN CO WERB B EOHERIZ X 5 @\ iliEfig
EREOERICERT2bDEEZXBND,
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Fig.8 Time changes in Cgolomite and Mg/Ca ratio of CaMg(COs); at different dypi values
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% Fig. 9 IR T, W\TND (128 VT H, dopt 2 2000 um
235 40 pm F TR S8 5 & CaMg(COs), DRI AT
DMERRIRBNZREAT LTz, S 5IZ, DI & 72 9 kL
PEOIAT D R~ DFEATIE, dowt DIFANT & B 72\
RNZINE L 72D Z L)%, Fig. 10 12 ¢, 53 60 min
T BT CaMg(COs)2 O SEM BLE2 D Hlil & 7”3, dii
75 2000 pm Tl CaMg(COs)2 D dy 73 20 pm F2EE DR
ENESNT=DIZXT L, do 2 40 pm TIXEEOFRE
DARERIES AL, dy 28 2 um FEE OBRIRL 1235 BT,

ENMORMELELV

CaCO; OB I3 2 HEERRIIMRFHT JAuE, Hidh
AT AR A~ OB BRI O % 5N B ThH D Z
EmD, EUWVIRAFISME T IR 50T < e b
ZEBRDLDoTND B2, I 51T, ALRED XA
PR R U TR EE 2SR e L] S T D 354
7 BaCO; DI TAMEEFE & #2 b X ORRHE O REfR %
BET LT D, EORER, WEmEREOE RIS T T
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Fig.9 Time changes in particle size distribution of Ca*Mg carbonates at different dyp values

dyp: 2000 pm

Fig.10 SEM observation of CaMg(CO3); crystallized at dypi of 40 or 2000 um

3.2.3 FHRARL Ca-Mg REBIEDEREE,
Mg/Ca LEDIBINEE, BELERE, KLU
EREREEDORBE

COo/Ox/N; KA DAL T AR K #1705 D

CaMg(COs); D Ui T IZ RIETHBEEZH ST 5

72912, Caolomite 3 & N Mg/Ca b ORFZE L OEEZ L v

BLH L 72 Faolomite 33 &2 TN Mg/Ca FEDIENEE (rvgca) %

dyp) CEEHR LU 72 K53 % Fig. 11 12739, KIAOMHMEIC

E B 72U Faolomite 33 KON rmgica 3R L, dopt 2 2000 um

25 40 um ~& 1/50 2D SHDE, Faotomite BB LY

Mmgca lZENEN 92 EB LN 23 (5 & o7, dowm &1

FEARE (r) BROFEEIRERERE () OBRE
Fig. 12 (TR 3, m (IR AFFEH Ot & L CRIL,
relE 73 90 min LANIZ 1T 5 dp DIFFHZE LD & D
BImBEH UTe, B’EY, do OWAIT E B 720 1 D3
MU, rgSEDT25 2 &Bnbn5s,

PLEDOFER LY, A 7 —HEEOBAT « Biags Ok
HAFARLD COy0x/Ny 7 7 A 3T NVE NI, B K
HHOE Mg/Ca th a3 % CaMg(COs): SR -0
BYEICHRTHY, HE 7 oE 22BN T, CO, Hf
TG TR A2 S L L7z Ca « Mg IRERHR OBl TR 2 4%
FTE D AMREMED VR STz,
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AHFFETIE, BT v A0 @EFEICENR D Ca
Mg OFHIENL - @i biE 2 HET 5720, fIE
7 ¥ N OB - BB ORA T —PEH 2 % Rk o R
EICESERAT 2 Z A EL, COs 43 DR EHE
RA T —HEN A % 7 B TR D S O IREEHE O
U5 2RI 72, Ca 38 1O Mg REBHE DU E & b
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Production of Carbonate from Concentrated Brine using Fine Bubbles of

Boiler Exhaust Gases in Salt Manufacturing Process

Masakazu Matsumoto, Shinnosuke Kamei
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Summary

During the salt manufacturing process in Japan, NaCl is manufactured by evaporative crystallization after concentrating
seawater through electric dialysis membranes, and the concentrated brine and boiler exhaust gas are discharged. To build up
an efficient salt manufacturing process that is adaptable to a carbon neutral society, the development of not only the recovery
and upgrading method of Ca and Mg dissolved in concentrated brine discharged from salt manufacturing process but also the
utilization method of CO; in boiler exhaust gas is essential. The reactive crystallization technique of carbonate using the
bubble feeding of CO,/O,/N, gas with an exhaust gas composition is effective for a separation/recovery method of the
dissolved Ca?* and Mg?" in the concentrated brine, because the solubility of carbonate is lower than the solubility of hydroxide
in the solution at a pH range below 8.0. Especially, dolomite (CaMg(CO3)), which is double salt of calcium carbonate and
magnesium carbonate, has numerous applications as the manufacture of refractories, as neutralizer of soil acidity in agriculture,
as mineral supplement for food and drug, etc.. CaMg(COs3), has crystal structure derived from that of calcite by ordered
replacement Ca?" in calcite by Mg?*. To improve the functionality of crystal for the better CaMg(COs), utilization, it is
essential to gain access to the Mg/Ca ratio of 1.0 and to reduce the particle size in the crystallization process. Generally, high
concentrations of Ca?*, Mg?" and COs” are necessary for the production of CaMg(CO3), with a Mg/Ca ratio of 1.0, because
the Mg/Ca ratio increases with increasing the supersolubility product in the bulk solution.

In this study, the micron-scale bubble formation technique that enables the generation of regions with a higher ion
concentration around the minute gas-liquid interfaces was applied to the reactive crystallization of CaMg(CO3),. In the
regions near the minute gas-liquid interfaces, Ca?* and Mg?* accumulate because of the negative electric charge on the fine
bubble surface, and the concentration of COs?> increases because of the acceleration of CO, mass transfer caused by minimizing
the bubble diameter; hence, the fine particles of CaMg(COs), with a high Mg/Ca ratio can be expected to crystallize. At a
reaction temperature of 298 K and reaction pH of 6.8, CO»/O»/N; bubbles with an average diameter (dybi) of 40 - 2000 pm
were continuously supplied to three concentrated seawater samples, i.e., ED brine, concentrated brine, and removed-K brine,
coming from salt manufacture discharge and CaMg(COs), was crystallized within the reaction time (¢) of 120 min. Fine
bubbles with a dyy1 0of 40 um were generated using a self-supporting bubble generator by the shear of the impeller and a negative
pressure owing to high-rotation . For comparison, the bubbles with a dyw1 of 200, 300, 800 or 2000 pm were obtained using
a dispersing-type generator.

Consequently, CO,/0,/N, fine bubble injection into removed K brine with a higher Ca** and Mg?* concentrations is
effective for the high-yield crystallization of CaMg(CO3), with a higher Mg/Ca ratio and downsizing of CaMg(COs3)»
particles owing to the acceleration of crystal nucleation caused by the local increase in the supersaturation at the minute

gas-liquid interfaces.
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