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# 1
Natural seawater Industrial wastewater
Metal cation Concentration (ppm) Metal cation Concentration (ppm)

Ca” 400 o, 21985.7
Mgm 1270 Mg% 50231.2
Na 10550 . * 22631.5
Ba’ 0.05| > 0.7
T 32 #H7FE 4 M NaOHe] %3t 7F pH WA HAAEe] FAE e Zgxzejt). & 3oA] &13 4 %
o, patahviul%e AL FE pH 8 ~ 109 WelolA Qoluth, wle] s PAL pi 11 ~ 139)
Hololld F2 dojgt). £ T AAEL 99.9% olekE2 AlFste] Holds AIJVEF 2 JE 54 4 &
A BeES AASAT. oloA 72 AR Ft AXRAIA dE©E &ulE AASUT. A R AdxR=AD F
117.7 g9 kst mlavlss 2 38.9 g9 FAbsidE HHAES 55T XRD 2 TGA 48 F3ste] Hxd
DAL AAR SIS R BAEY S SAsc

T 4e] =A] € XRD A4 A%E F3 8 WA 109 pH HAANA E8E HHES FASvaEds G158
ovl, pl Wel 11 UX 1304 Feld AABE FURBGAL Felsdnt BEoE, T AL FPste] -
Atz 2 ksl avid 99 £2E A Y. & 50l TAlE T6A % DIG Aol 7| x|, AtEde
9 paslG Qe wRE 77 92,9 F%% 0 83.7 FUeATh nhlG B 24 oo ¥ £Ee
7|02 247 81.7% R 88.7%% AAHATHGEE 2). o] AHMES 4 AHMES ri-€0,9 AFAA S gETd &

A4S AAFEHEY AR T

=z 2
Types of metal Separated Form Initial Cation The amount of Conversion Yield
cation Concentration metal hydroxide (%)
(mg/L) separated
(g)
Magnesium (Mg%) Magnes@um 50231.2 117.7 81.7
Hydroxide

(Mg(0H)»)

Calcium Calcium Hydroxide 21985.7 38.9 88.7
(Ca”) (Ca(0H).)

30 TH%e] MEA 48
¢ AEge
o E57k=

IR R Rk
ZAAAY. 2H nalge A8 9



[0089]

[0090]

[0091]

[0093]

[0094]

[0095]

[0096]

ZIHSd 10-2020-0113676
AlZkol Bgol met 0.2 EstEloen, FAl §odo]l e (0.0 & ] A= Sl At
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zifiSI?ﬁU’fY!)ﬂﬁx% ==fEE{3FVﬁD4QTEZXE = CRQUU(QR% — = A

o7, ABSORPIIONg, . ooy goe) 558 ousare agojn, TCOWRATEm o« gm0
szoln, COCse 2 opuapas wx, CONOQwe = wy) oo ng ojisas ot 72 24
e mAE A HAALD 30 2 B olages vre =gy, COCse 15 o4 mAdege
w ABSORPTION, o FLOWRATEzg . o ygs vepan

Al gefol olitstgAR 2IHIS o, FF HIS TERIUGY. FAstavEs Svtavlg dow
A717) 918l £33} FA 200 mLel *Pﬁ}u}llﬂ AAE 30 ¢ WA, vR7EA R, 30 g9 FAbshe
5 200 mLo] FE3F FAlol Hbsklth. 7 Fol2e] A M 2] 98l Loag 247wk
Aol 24 AZE BOE WHIEIATH 24 AlF B, AHE L UelA golg A AT P Hel A% B
(Whatman, GF/F, 71&=7] 0.7 micron)& AH&ste] EElskqivk. o § Reld JHAES 99.9% dggow A
sto] wolgls Zo] obilE AAT v tiF L2olA 72 AIRE Eot ARAA Cdgs SviE AT, 6
¥ 30 thebd wksh o], AH Az & ovhadler L Al AARS 27 21487 ¢ ¥ 38.191 g2 Aeh. 30
%] MEA 5789 400 mLi= 1.6476 9] o|Absletag FFaialch. WAE dAGA, 0.8238 &9 ri-(0.8 &
s ¥3 8 200 nLE AFEEATH. Hladlg FFRYO|E P48 98] 48.044 go] FaHshulL|go] W7t
o, ol ri-C0,% WhgsheEl B Mg ol 0.8238 B FAsCh. Fl WS 21.487 go) Al
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N e ot
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N
o

& AAsF o, o]x 0.2549 Zo|drt. HIES eEulavse A 30.94%F on | EARES 46.36%=
A

At At

Z 3
Types of metal The amount of The amount of The amount of Conversion Yield
cation addition |co, absorbed metal hydroxide metal carbonate (%)
(mol) Added formation
(g) (g)
Magnesium 0.8238 48.044 21.487 30.94
Hydroxide
Calcium 61.038 38.191 46.36
Carbonate
A7) gag olatalekao] 9k 200 mLe] 30 TG MEA FENS ViFow Alslgon, Y] ARES o)
e Aol ABFS JFow AN,

gt ada s S EES Aikekr] 913 vt [ Z2E ol ri-C0,0] WS olv A 4] flo] A

S, whavlge] e 37] [E 3lo) Uehd uhsh go] o) ARt Ytk o]t widHe A4

Hhg-o] ehibuladlgel ®lE o quxHoz fFelshy] wiolth, ebulavige] 5 g4 dEde A A
+ duA= 22 -1113 KI/mol3F -1029.3 KJ/molo]t}. eRbz&ol 4 298.15 KollA #FE AA degds)
2 A oy A= ZH2E -1207 KJ/mol¥} -1129.1 KJ/mololth. wheha], ofux] <A SHddA, &3 o]1kalet

2ob 2 o] Zbe] whgolut nigr ety , wibdere] &2 dEEel wrgE it

7] G4 parEbEel wugon ABEEA s S8 XS S FAel FAHAY. £ 7o ¥ ww
AN G R B AN UGS el £ 88 & WYl 4 WAl B8 Lghudels
2 vladlEItR Yo E] SEM o] Aot} AT & 7

I 1 AEjEel AR FERE 9EA (calcite) Y-S Feld
(vaterite) @ o}g}ar}o]E (aragonite)® 3 7MY AR T=
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OFA g fFolB R YR ERbAEGe Bo EA4 sto WA ez ATt F, 30 T MEA 58
& AHgste] 22(208.15 K) R t719H(101.325 kPa) Sfelld Hek 21& A FASlonz, Wafie
Yde At At st

npRZEAI R, FAksbel g A3kl digh A2 vl FASRE o] FE uUlAle] ES] FHE R whibul 1]
#o2 HAFHISS Eicq€§f% ety 4 sl@ EUo]E(barringtonite, dihydrate), HIZAFIZYoE
(nesequehonite, trihydrate) @ @WAX¥T}o]E(lansfordite, pentahydrate)®} 28 3le gz &A3 5
AT, A1 ST A lﬂ’\ﬂ“‘ﬂiur E PAFL nadAlelE PR AsErt.

o 2 - A = 8o, FF F 5 oA = 47 HAE eidE d0dEd) 2 Hdd gbeladls
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.
2, a5 AW A5 24 Pkl Folee FASERS Wksel fusER BeHn, of ¥ W
el S B Sel B ECEIA)S B & (el E) B8 WA e

13 ol¥lz whgd W olshekavbh BaEAs) AnveEst utvelEst g Wy ol FHz A
Ao delA . eleld olEH WA 2ASe], BE R ShdFS Feld FAL 200 nl YEA gl
Arhske] 3 Mol FEIEFRS EFSH 30 U6 WA S AxHYL, om¥H FHUEFS A5et,
MEA 1% EIAZI7 SAs) 7] 00, F R BN skl ARdelE Hd RRd $U% F5 A9 4

(e}
b =
30 4 MEA $89L AxAT. WEEe YEF o] NS VA o]ee) A Fojol dFL Fol
E A BhEE doA FEHAES RHETH IR £3HE ARESte] SRR ool 3 M HSESR #H7kd 30
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E 30 % MEA 8N [R B33 &4 Agod. = A g
(stretch) W=+ MEA 419 &AE YepdY. dYyEEFS X3
cn o] Frol A Bolat 4= Qir}. 3 Mo ASUEF WL 30 249 MEA S Ewpgo] FAEA WolR
o2M B4 1575 an A9 FaHow s e FIES BT I, 3
wt% MEA =899 Fi&e A Wyt fldla, o] A4S Yehle I AV = 901]*1 A “Lﬂ]i EM
Hk, 3 M FIFUEFo] ¢l MEA 30 % %‘l%‘% Aol o] 29
I G A Fgo] ¢ ). o] AR EH 01
Hol| T W FERIUER o] 7Mesithe A
olibslela Fow A HHdES Ao, o] XRD, EDS ¥ SEM=Z #4133},
ol o AAlde wEl HHE FEAYHERS XRD B4 A3E vEpd g Zolc), A
EHY &35 YA (nahcolite)d Jej2 AAHATE 7 ‘%QPWLA
<) 2 ABE Q7] dito] YEF o] 29 dF7} Fehild wgs
EMIIER o] dAHEAT. FEER &35 (96 g/L, 298.15 K)& EMXNESR (300 g/L, 298.15 K) K
F 5 z3std fiko] HiEE S U 4 Ak, B EFELS XRD
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SREL

A=)
Lo XK — (e} R %%
=
T 118 B o] A AA oo wel HA" FTEAUEEFS SEM 4] Z23E e = ojujx|elg. A & 11
9] SEM o]u|AZFE WAV Al (monoclinic)] 24 +Z2E @A 4 AdAy. EDS 42 = 119 "EDS Poin

5)
Z2A4E 371 B 40 YERAT. FER

trow BAE A HA Fasel, EFY BRIGEFS HEe 7
Z+e] A YA B BEERRE FEHAT. 5] T 4RRE A4 99 B Ego] 9.94 E949E T 4
pom ) ol ASGEFS A Al 9.94 =% UYEFo] EesiveE AL vEldY. wEl Na, C 2 0
o] Ymx] AAE= Na 0 C 0= 16.45 : 16.23 : 47.43¢] ®&E EA3T}. o] H|EL FEMMEFY 3}tk
E,SNa:H:C:0=1:1:1:3"%vg IHA XS A F AU,
I 4
Element Weight Fraction (Z %) Mole Fraction (mol%)
C 10.18 16.23
0 39.66 47.43
Na 31.72 26.39
Cl 18.44 9.94
Total 100 100
T 12% £ Wiy o AAlde] mE ot =X E YER AgEelt

webA, B owEe] AslFE o] 8% FE BAbAe BW AMIWE TP oluHBLE o o] FE Bl
o kel BgFt BAo] A% Al bssehs AelA AAdolm ABAAolTh, EF thFd FE ool
AgusRRE ARAoz B4 Bade Puse 44T 5 A7) WEe] F7bHe 2o 340 &
FEA srol wEA oI}
AAld " Rlnds 2 wys Awsty] e A 24, 2 dtgo] o] dAEE AL ofyrh, B ouhy
Aot Bakel A4 7 A o= thegshl Washe B e ANsk: Aol s
2, 2 29 7ed BRede A5E S o) AsiAor & Aot
l High-Purity }_
Salt Product
) g ] Rﬂ:::;d ": | Pretreated brine solution
[ Purilication ] as industrial (rich Ca**)
1 : wasfewaler ' ’ﬁ‘\
il
L Liguid phase
(,:'_if'l \jﬂ; et [ Finration _
e desaltod solution | Sokid phase
as water vaporizcd. —
Cn:um salt C munudh NaCl(s)
(solid phase) o ion
Desalted Remaling salition 8 —

Brine

Screening

= Membrane

-= Membrane

Purification

2
-

Heating | Law=Purity
ot Sieam % Salt Product |
| —

_13_



k1
g
[\

o

- e M Vs
\'.IZ _J

Ciant Miver

Vent
-
!Ij, E] F Vemt
1| -
L1 |
Gias Analyzer
-
o
%
e [ =
V6 N
; !! _ Water Chiller
Reactor Cias dhiffascr
«® .'i @
ﬂ‘.’:':— Magnetic stirning bar
% e - =

Thermostat Water Bath I O - * .l

Thermostat Water Bath with magactic stimer

EH3
2000 + - - 200
o
= 4 Theamount of 4 M NaDH added (ml) = 8 Calciam Hydroide
E, ‘ ‘s ® Magnespmn Hydroxde
% 1500 A = 1
= % 4
EY
2 . k!
(=] = . . T
z - - g -
- 000 = 100 4
- L
> ®
% B £
E £
E 400 &
z - ®
-
= £
=
A 2 -
=
0 A - - - - ” 0w = - L] [ -
? ] L 10 1] 2 [ K ? % ] o 1] [ B 13
pH H
RVl
OO0 . L —
(a) — Soparatod Calciun Hydroxde (b w— Separated Magnesum Hydroxide
B SEandard Peak for Calcium Hvdroxsde - B Sundard Pesk fog Magneaum Hydeoxide
] BE000 4
-d =
E SO000 i L0000 4
= - a
20000 20000 4 . .
- - .
o
I I L] an . . LI
0 Ao __ o + - . -
2 = " L = ™ B 0 0 & %0 0 ~ "0
pL] 26

_14_

10-2020-0113676



=

351 10-2020-0113676

Bevte. gl o)

EH5
e e - o
For calcvam bydroxsde | For magnesizm hydroxide -
'
3 |
i | ¢ f
3 \ i
' | A
= 3 L
= |
S — W — — —
P ot w0 o= 0 ’ ity - o 1o
Fompe wimrn (4} Tomgemasmen (01
EH6

Amount of CO5 absorbed (mol CO» / mol amine)

CO, absorption step

CO, desorption step
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| absorption

E
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Magnesiuim Calcium
Conversign Conversion
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)

]

L

0.1 - _ !
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desorption |
0.0 4 . : E .
0 100 200 300 400

Operation Time (min)

—s— CO, absorption for 30 wi% MEA solution (mol CO,/mol amine)
—s— CO, desorption after Mg(OH), addition (mol CO,/m ol amine)
—a— CO, desorption after Ca(OH), addition (mel CO,/mol amine)
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EHI10
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EH]12
Converted €O, 03819 mol
(1545 mol®e in total CO, supply)
Calcium
Carbonate
Ca Sepamation Yield: §8.7 %
€Oy Conversion Yield: 46 36 %
Convered €O, 02549 mol
(1031 mol¥s in total OO, supply)
2.4714 mol of CO, Seawater-based Magnesium
in 600 m! of 30 wi% MEA (aq) Industrial Wastewater Carbonate

Mg Separation Yield: 81.7 %
£0, Conversion Yield: 3094 %6
Sodnis Concentration: 3 M
€O, Conversion Yield: 55.58 %

Converted €Oy 04579 mol Sodium
(1853 moPas m total CO; supply) )
Bicarbonate Total Converted COy: 1.0947 mol

144.29 mol% in total COy supply)
Solid Phase: 0.2294 mol NaliCO,
Aqueous Phase: 02285 mol NaHCO,
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