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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).)
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sto] Fololis o] oWl S AA the tiF L BA 72 AZF ok AFRAA oehe guls AASA. 1]
E 39 LPEM upe} gol  MlF Hdx £ uladlg 2 ZEA JHES 7 21.487 ¢ 2 38.191 g& AU, 30
ZFH%2] MEA 589 400 mL 1.6476 &9 oJitstgAE S48t & @AM, 0.8238 =9] ri-C0.& &

frate 23} &9 200 mLE ARESHTE. phdls FHEVOlE S 918l 48.044 go] FARSIwlIv|go] FHTtE
Qom, ol ri-C0,5h W-sEHzE]l BaF Mg o 0.8238 Bk BAsth, Ad WS 21.487 go THAkviiy]
5 AAsEIF e, o= 0.2549 Eolth. M3 eilvlavlEe] A 30.94%% 00, BRAFAES 46.36%=
Ak At
* 3
Types of metal The amount of The amount of The amount of Conversion Yield
cation addition |cp, 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) gl E o] AkslEr Al k& 200 mLeo| 30 %S| MEA &AL V|Fo R A on | AV AFdEE o2
A9 Ao ABFS 1Fo2 AU
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zk7ke] g FAsEe] Ao R AdkE =X &18t7] 91 XRDEF SEM wAlo] FaAEAT. & 7 2 uH 9
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Hg%t FxolBnE -] BbAaS Eo EA| dto WA ez AgEnt. &, 30 399 MEA &9
& AHgehe] 4-2(298.15 K) I‘447101(101 325 kPa) Stellr] dgh 2A& dASH frAstdonm, el
P A Ao siFge}.

w7 ', Faksel vl dEkel gk £A4S mladls ARl FE rfavlAbolE] YFE R ek
Fo2 HIHASS $1C4%§E}. Akl |54 w3 EUbo] E(barringtonite, dihydrate), WAFZUolE
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. FSERS X3 e EgskA 25 899 Aol <F 1500

Fge) Fabgol FAA dof
3 M

ARUEFS B e 30

9ol A BEA vl EA

A EAZ sl 3 M I EFI vl s}
1 GdelM e Fago] o Al o] ARZEE oitgEav 3 M AHERES TR 30 T3 MEA T&
Ho| FFd w TRAIUEF o] 7hssitte As E0d & AT
ojatstEa Fa= A HAdwE FAskalen, ol XRD, EDS B SEME 48kt
T 102 B oage] o AAde] uwet Hld %E&r*ur 9 XRD ¥4 235 vEhd Zgzeltk. A7) = 109
A, XRD A2 FERIHEFC] AsfHEFI £3E A (nahcolite)] FEE AHATE S AT
ATt E3lE orbste AT TRl o2 o HBEHUAY] wie] YEF o9 dNUt FEH Rkgste &
EMIER o] FAHAT. TR ERS &3]%(96 g/L, 298.15 K)+= EHIYEF 4(300 g/L, 298.15 K) 1.
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o YmA] Q= Na € @ 0 = 16.45 @ 16.23 : 47.439] H|&E ZAF}, o] v &S FeMh}EF| 38t
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Z 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

_12_



0112 % 12t ¥ ue] O Axlde] W o MEEE $XF Ui ko]t
O114]  webd, B 9ye] AeiESE ol 8w 34 vl B AAEe TP ol AHaT ogaie] 35
o A BEF FAG A st sbsetths elA FAFeln ARG, EE ThFF FE o Lol
EASE AYHSRIY Ao B BAGS Bste] ANT & Q7] Wil #7449 ¥ FHol &
oA o} w&H oIt
[0116] g Ard B ovlaes 2 dgS Awety] 913 dajzA, 2 o] ofof s AL ofrth. E Uy
o ki Jl&Rol ] B A4 Jha Aehd ol 2R sl WAl ¥ Wy AxsE He] b
g Aojmg, B o] 7)ex BREWele AN S o8 Aok & Flojtt.
=y
EH]
High-Purity
Salt Product
d Re?.::: “: | Fretreated brine solution
[ Purification ] as industrial (rich Ca**)
T wastewaler .
| Liguid phase ‘
< oy -
NaCl NaCl )} . Filtratio
I st
“g‘-;ﬂnua‘;t """“"":”‘“"
{(solid phase) O i
Brine | Desalted A Remalmng solition
=l | [ — T
[ § } @
Mot Steam Salt Preduct
EH2
. \ent
EOR]| et
- —-— ]
L1 1
= Gias Amalyzer
Muss Flow € 5 "
1 Vi
- _— | I>v\
(oY —
vi ){ s | Vs
“>-< i - I'El'l} D{j E
i = C
V6 N
BB B Water Chiller
o il e Cras difTuser
H:qimly Magnetic stirmng bar
Gas

Thermostat Water Ba

ath

Thermastal Water Bath with magsctic stiffer

_13_




10-2199389

- w9

~ - Magnes s Hydroxide

~ i Calomam Hydsocide

13

Ll

Fow magnesn liydsonde

. AR SR B ]
-
1]
B Sundard Peak for Magseium Hydroxide

w— Separated Magnesmum Hydroxide

/
L]
|

g 2 g g

(b)

k. & &
\

e

_14_

(apoxospdyy gy Tury apendiaang jo iy, .

o~ - - ) g sk

H. . W : s H
M < o - 7 m _

m m w P m |

- - — “ & _

| 1

E 4 s X B — mu /

. E - |

(a)

& = § § & i 7 (X —
Z.._ P gy

1o

™
w § &
H () POPPE O I Jo tumoune ) 4 fos—




k1

F1

g
>

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

b
o

SS=50dl 10-2199389

CO, absorption step CO, desorption step

0.4 -

0.3 +

0.2 5

0.1 1

maximum
absorption
- I -
Magnesiuim Calcium
Conversign Conversion
'
]
)
]

maximum
desorption
0 100 200 300 400 500
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)

H7
= 20000
oo { (a) — Prrcpetuied Calomam Carbonste (b} — Prrcpested Mignoamm §aboanr
| % S Pk fo Cabrmes Carbomit {Calone) ¥ St Pk o Magninm Carbonsts (Msgmonite) |
1200 * - -
1 M0
1600
o 4 £ |
g 16000
-
00 il le v
- | . \ | ]
* 000 | | | . *
=L T i VYIRS L
» il | | B E oy
' WU A ssse oo o LAS RN IS
0% . - - ¥ . L ¥ T
” L “w ko 0 ™ L] 20 0 L 0
8 F- |

_15_



SS=50dl 10-2199389

Transmittance (%)

25 -

0
=
1

%)
s
|

Bicarbonate
(Bidentate)

80

—— 30wt% MEA + CO,

—— 30w1% MEA + 3 MNaCl+ CO,

75

4000

3500 3000

T T

2500 2000

Wavenumnber (cm'l)

_16_



SS=50dl 10-2199389

EHI10
50000
= Precipitated Sodium Bicarbonate
B Sandard Peak for Sodium Bicarbonate (Nahcolite)
40000 - w*  Standard Peak for Sodium Chloride
i@
*
30000 -
‘;_.-\
Rz
=
T 20000 -
10000 - =
= *
mil® o« g *
0 T — —_— ———
20 40 60 80
26

i
(EDS Poing)

_17_



oin
]
Jm
9!

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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