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CaCO0s production
CO2 storage .
Slag type CaO-content | MgO-content . potential
capacity (tCOz/t) (4CaCOs/t)
Blast furnace slag 40.5 10.3 0.43 0.72
Steel converter slag 46.2 2.1 0.39 0.82
EAF slag 1 39.6 11.0 0.43 0.71
EAF slag 2 43.3 5.6 0.40 0.77
AOD process slag 1 55.6 8.3 0.53 0.99
AOD process slag 2 57.1 7.5 0.53 1.02
Chrome converter slag 38.5 16.6 0.48 0.69
Ferrochrome slag 14 22.6 0.26 0.0024
Slag mixture 37.1 4.5 0.34 0.66
Blast furnace slag 33.6 17.1 0.45 0.60
Steel converter slag 54.3 1.5 0.44 0.97
Slag average 40.6 9.7 0.42 0.73
Basalt 9.47 6.73 0.15 0.17
Wollastonite 44.0 - 0.35 0.79
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FEebis) V)] 25 Direct aqueous carbonation & &
A @l FA A e @AkE} X E = Ao
FuEdst Ve 2A A3 Bidskdirect A AR A8 M fl e GRS
carbonatlon)ﬂg, 3 @Atgl(indirect Wl Ao AdH =2 BASE Y TS
carbonation)”|&, CO2 A7k 248 olx] TE HolAw R A 43 Ao v &
T B S AAA TlEre] BHoz 243 o] Wol Aot
v 7leR A BRE £ g 4 ARAe 7 Direct aqueous mineral carbonation %8
=l A4S ddshd oha3 2o & =9 Vé BEY AHEAMSE ZHeE BEANSH
sl m<kE Aeolrt. o] 23 processol Al o] 4
Direct carbonation shehaE 15~30%9 /985 Zie vH3E
9] &&le] (slurry) ol FEo] 935S 3
Direct carbonation F=84st WY 5 7P¢  Adth &4 COze 8al=o] &ibe 34
A o g Ca 3 Mg AR Firdel & b ek H 9 HCOs & el et
& FEE O TN A= HJ% ot} CO2+H20 — H2C0s3
Direct dry carbonation at high temperature H2CO2 — H" +HCO3
(Direct gas—solid carbonation) J‘ﬂ% o9 Hrol&& FEL EaAlAH Mg ol
st 54 e 54 25 2 A 7 AR ARG o] 28tH Mgt Yol o] F
2 FEQ CO28t HEAA BAF8iA7])= Wy Ak 2(HCO3) 3 whgste] gt E4S
oith, CO7} ¥l oz FE3HE B9t ne Aol
o $717} AT o]’k WL AFey 3t Mg* +HCOs— MgCOs3+H"
AAE FHolgd 78 559 FEEEE = olglgt ¥hg-& CO29 A =79l 115~
d 7] WEel AAAY $ 9k asv g 185atme) ¢ 155~185T 9 2%
At EEETE o mel7] WEe] dAle A NaHCO3 2 NaCle AHESHI S #E8
o] A=A g1 Utk she] Bhg-&o] 30+ o|Wd| 78%7tA] Fx1dth
MgzSi205(0OH)4 — 3MgCOs(s) +25i02(s) + 2H20 Y=
B b HSEMMI|E 2R
Mineral carbonation Reaction

Direct carbonation

- Direct dry carbonation at high temperature

- Direct aqueous mineral carbonation

- Multistage gas-solid carbonation

Indirect carbonation

- Acetic acid route

- Two-step aqueous carbonation

- Indirect aqueous carbonation

- The production of precipitated calcium carbonate

- Carbonation using brines

Other processes and CO2 applications

~ Accelerated weathering of limestone

- Straightforward carbonation




Indirect carbonation

B oHe A4 98 FEZRE v R
Ca ¥ Mg& F&3t1, & 4AdA Ca 2
Mg &3 CO2E A
K=
Multistage gas-solid carbonation Wi
direct gas-solid carbonatione AFEA]
22 AL o] v ¢ = WEEEE I
AT ity Wolth tirig ©Ald

229 ¢k (500Tel7E, 20bar ©]4)9lA
T Wolth, Mg(OH)29| ehitz} ul
R} MgO9] g4tgl ukgo] w9 27|
o direct gas-solid carbonation®] o
3 AAFEZRE MgO9 Mg(OH)2 & A
BAR T AsE o4 Foll A MgCOsz it
A7) ol oleldt 39Al9 gas-solid
carbonation W}HoZ €itals A7l A} b
SEET} wl$ =2l7]E R, S S
ZAOEAN WEEEE YA $ lta 3}
Mg3Si205(0H)4—3MgO(s) +2Si02(s) + 2H20
MgO(s) +H20 — Mg(OH)2(s)
Mg(OH)2(s) +CO2 — MgCOs(s) + H20
Acetic acid route WH € aqueous
carbonation 34 A 4ZAEA YE2EE Ca
BEE MEA FE37] A8 FAQ acetic
acid(CH3COOH) & ARg-3t= Wolt). 5¢
Aol A AHEE acetic acidE AAGA A 35
slo] TA] ALESEY] W o] AAlEd = glh
CaSi03+2CH3COOH—
Ca” +2CH3CO0 +Si02(s) + H20
Ca®* +2CH3COO + CO2+Hz20 —
CaCO0s(s) +2CH3COOH
Two-step aqueous carbonation HWj-&
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Indirect aqueous carbonation ¥'8-2 thek
g F714HHCI, HNO3)& Algdle] FERR

B gitsl 8-S F%33 NaOH S| &2
EA4& Al pHE B9 F CO29F v
A dE FES IS ot AEA
Aol Ag¥ 3 T3 47 AES Bgew
AAAF17] Q8 vhA] 2 cke] gz B2
o] 285 € A3 mrle] FHo|BR niEzd

Other processes and CO2 applications

Direct carbonation® indirect carbonation
383 tlEo] FERIEe fAbeE F ol A
CO2 Aol BAE zte Aol iz eildE
RBANA 718re] B4 02 E83te Aol

Precipitated calcium carbonate A3 W
< CO2E o] &3t #&3 2HEQ] A3 &t
Zr5(PCC, Precipitated Calcium Carbonate)
= $stde 5402 AFHUAT ojd
H < indirect carbonation ¥ two-step
aqueous carbonation®l] 3]g#t}.

Carbonation using brines ¥ A £&
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Accelerated weathering of limestone
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CO2(g) +H20(L) +CaCO03(s)—Ca™ +2H2C03 A %3t ZANE F2ES aA|sto] By Ao
g FFHY 49 FE(wollastonite, 2 njwodt AlME ZElF] S3E W o]So] &
olivine, potassium¥} sodium feldspar, talc, 3}Eo] A} 3k APAL Adug HE A
caleium carbonate)& W2 AFHLE  zaj= AHA THINE 12 2da 2D AR
ojtstetad o3t &of AP Aol mEH gy BAE wlEn 23S 4EE
25C] oA 600rpme] WWEEAA 2am/s o 7S Rzets AV 2 ABIAAE A%
9 CO2 FUE=AA 0.1wt. %9 ST gy a(Aatsg 1 FLsd )7 HAHT o
AA g2l gafgo] M WME A2E = 2gor F 404 & 4 9l uis o]
Uetth Sel&es FE] MEAA BE a0 @ MO o] 3H8-817] w) Rl e
SHAIRE, 3/H], Wk 9 CO2 FUEE 3 gmg gedlr|d] 7P Ade 2ol
2 9E%E A g2 Aoz veidy wela [HE Ho]2Exs AMES] F3lEolng o
Feel vaEvde] Salol 9%+ F71 Wil o) 22 Aty AWE ZYHA FFET
AAHR] F3Haee FEl] A E HIEE e ko] Ca0 2 MgO 52 g4-3 Aolth 1
A& Eol7] 91 vt 4 e s}, 2 &Y AE EeEE AA] A &
AWLS] 22wtz 47 W% A (flux) 2 *4354” ol ERvlelEE M85t

oL ! =)

F e Ca(HCO3)2(aq) 2 o2l Wehe o mj&o] gi2E Ca0 2 MgO9] 3H6-2o]
AR A4A717] gaME Bk Be A7 am 209 Ar)w A% s A
Zealt. dubetel 4P Cag @
A& AWL Av] @ B (mth o2 o] g3l AHME S97] 2 e
v &o] @Wol &0 4 9l7] wj&olu} AREE CO2 ¥Hg 5AS EY A0 = o dr

Straightforward carbonatione AHd-2 1} FTEAD AHE ZYAE F2 3Ca0 -
Bl A9 ZE8 & Fxs B pHE  $i02(039), 2Ca0 - $i02(C28), 3Ca0 -

S7F (B AA), vl &2 7IZHE08)  Al203(C3A), 4Ca0 - Al20s - Fe203(C4AF)
Well F1o] F7I28E CO28 THE 4 ) 2 2450 9}, v sehulgzloz g8

y o iHE
o

o}
 BEdelAolE YR 2

o o133 FEAE A EGC] AXehEE 9l sy] Zasixur ALd ] AME slarEe)
ol 4FE Felslol s, 18 £ AT gureg 38 FEAOR okl FAlS
CO29| 4& AAAZ N ERYY Ak T em got
e cl@Ad A CO29l W B3 2038+6H20 — C3S2Hs+3Ca(OH)2
23 ol2@ e A9, EFe FHl, CO2 2038 +4H20 — C3S2Hs+Ca(OH)2
e 2R R A g o) 259t 9C3A+27H20 — CsAH19+C2AHs
(Mg, Fe)38i04+4C02+4H20 — C4AH19+C2AHs — 2(C3AHs) +15H20
2(Mg, Fe)” +4HCOs +H4Si04 C3A+3CaS04+32H20 — A - 3CaS04 - 32H20

2C3A+C3A - 3CaS04 - 32H20+4H20
— 3[C3A - CaS04 - 12H20)
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C4AF+ (8 +n)H20 — C2AHs+ C2FHn ke W2 CO2(g), H20(L), Ca(OH)z(s)
C4AF +3CaS04+ 32H20 59 71A, 94 2 1A F 34 Eiele B
— C3(AF) - 3CaS04 - 32H20+Ca(0OH)2  #Y ¥hgolt}h X389 ghilsl whge t}ew
ARIE 297 38 9 £35S g3 o] o] 5] 7B weER gty Hust
CO29} ¥He-3lod CaCO3E AAAZ = it} Aot

3Ca0 - Si02+3C02 — 3CaCO3+ 3Si02
2Ca0 - Si02+2C02 — 2CaCO3+28i02

1) Ca(OH)2(s) +Hz20 — Ca?" +20H
2) CO2(g) +H20 — COz2(aq)

o~ —~

3Ca0 - Al203+3COz2+ 3H20 (3) COz2(aq) +OH (agq) — HCO3 (aq)
— 3CaCO3+2A1(0H)3 (4) HCOs (aq) +20H- — H20+CO3* (aq)
4Ca0 - Al203 - Fe203+3C02+ 3H20 (5) Ca** +C0s*(aq) — CaCOs - (s)
— 4CaC03+2Al(or Fe203) (OH)s3 ol ¥k&-E FolA (3), (4), (5)& ¥w-e&=st
xCaO - ySiOz - zH20+xCO2 waz) g A whgo £=4% tAe (1)
— xCaCO3+ySiO2+ zH20 9] Ca(OH)2(s)9] &3f W&o ALt (2)9] gt
nCa(OH)2+nCO2 — nCaCO3+nH20 7k2:9] Bof &= = ghgo|t}
3Ca0 - Al203 - 6H20+3COz2 HAFE| Y 390 A5 vi7A 2
— 3CaCO0s+2A1(0H)3 (WAXFE (5)e] vheig & AXHA At
3Ca0 - Al203 - 3CaS04 - 32H20+6C02 3} Whgo] dojid Aoz o Hr), ol gl
— 6CaC03+3S04+ 3A1(0OH)3 3} ¥hgo] &&THAE 2439 sV R &
2% i1, HEAE 8 AHE ¥ Ze] E4o] FRE dABE 2 oAl &
O|2E, ZA4F 27w E& 718 wEold B o SaHE 59 Babtad SalE F el
dolng F2 AWME Z9A JFEI FAG o] FFd F5$E Aotk wd FARE
=4E JAH ot o]E BAL B3 uks 2 £ 3ad ¢z Bdo g g
sto] FEEE FAE & W) WR ARE A BB Aol uj$ a2y Wi oE
297 Fe R 289 FIEF fA Bdel TABE E4L ud AP @ vk
e 5SS Jo g ditdEn = 23 o)Ed dUig whatgl ke wAYES
TOHER ol g vhgo] dF3 dold £ gl FHaopd e Ado) Ak
= W 20E 4Ed oY six e FEeats o )
719l A |8} (direct carbonation)7l& ™ e O\X ~
2 2P e2t8} (indirect carbonation)”] &< & 08 \}\ // \x \5/
Agoo] Wik £ 5 e ole BA £ Ve taco 1Y /o co
A9 20% #E Ao| 1 Fagn Soer U \
: { !
E " .'j XK, o L0 ] f[;\\
COz2] ¥hg §4 LI R T
"§ /! A / \\
243 (Ca(OH)2)7} 48 <eleld gt 2 | & :
28 FR3tel A dEe Axde @ s e
oH

O 2. pHoll W& sty 24
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Through solution reatcion©] A3}, &
Aol 1A BHAA g Bzo] A4
+ Topo-chemical reaction®] -$-A|slc}. w
A oleg S e v 1A dakel v
FAAT Az £H] B upgt FEehtz}

8 g rr Ae

R - ORIt
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Wego] 244 4 gk ER, 1A YA
Arg golel pHol mebd 17 29 o] Bt
olge] A gebm, £ % COxg)
24 w29 33 2] Cox(g)e St
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6. 45 =AY W AHE SRE calcium silicate slEtE2| EHtE} HHS o A}

Mineral Carbonation products Conditions Characte.rlzatlon
phasel(source) techniques
Single silicate phases
o i i o . oMo/
Dicalcium 31.11cate, Amorph?us silica gel, T20C: RH* 80%: XRD, SEM
2Ca0 - Si02 aragonite (CaCOs3) PCOz2 1bar

Calcium silicate T20C; RH 50%; DT-TGA: XRD; Gas
hydro-carbonate: CO2 5% Spectr.

aragonite
Low-lime C-S-H gel;
calcite (CaCOs)
Low-lime C-S-H gel;
calcite: vaterite

Tricalcium silicate,
3Ca0 - Si02

Amorphous silica gel,
aragonite
Calcium silicate
hydro-carbonate;
calcite
Low-lime C-S-H gel:
calcite

Wollastonite, CaO - Low-lime C-S-H gel;

T20°C: W/S" 0.125;
RH 50%: Pco2 2bar
T20C; W/S 0.2;
Pcoz2 0-56bar

XRD: SEM-XRF

TGA: SEM; XRD

T20C: RH 80%:

XRD, SEM
Pcoz2 1bar
T20C; RH 50%; DT-TGA: XRD:
CO2 5% Gas Spectr.

T20C: W/S 0.125;

XRD: SEM-XRF
RH 50%: Pco2 2bar

T20TC: W/S 0.2; TGA: SEM: XRD

Si02 calcite Pcoz 0-b6bar
Multi-component
silicate phases
Portland cement CaCOs T20C: W/S 0.125 XRD, TGA
Slag containing Calcite T20C: W/S 0.125 .
2Ca0 - Si02 Pco2 3bar XRD: SEM
CaCOs. Cg—contammg T100C: W/S 10; XRD. SEM
Si02 Pcoz2 20

* RH, relative humidity maintained during carbonation.
" W/S, the ratio of water added to anhydrous mineral powder prior to carbonation.
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z E8l4  mental Panel on Climate Change) X324 9l4]
Wafopgt TE&AIHA AAHow FEE  IFHW COz 233} 71 Mineral Carbonation
Z o 9 FeA4dZ Hasta it
= vl=2l U.S. Department of Energy(DOE)
A AR E B oA 1997 AlRrew 2022971 Carbon
X

dko] gt} whg- o
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A F g Aol program plang T3} F2stn vt E

&, )Mz o) Aksleka m&shol e o1t
Aol MG wZo A 29A o ashd i 7
FU9] BEehiksl 71N dsk AA Yo 2 FIAze] v fE we

"

W7} ol RolA Gdoh WA FEEA YA
aliel AR, RN B ARE o] g3t T
A9 Fasn . QEREUT BB
A e o 715 A wAS 252 a9, AL AR
AYS B LAVl ARS AT AT 9 B A, AQL AR Aelw] 8ol 100~ 1508/

i

I‘

o

Economically
. feasible
CCSs Demonstration Mature
g d
component CCS technology Research phase under market
specific
conditions
Pre~-combution O
Post-combution O
Capture Oxyfuel combution O
P Industrial separation O
(Natural gas processing
ammonia production)
e Pipe line o
Transportation Shipping o
Enhanced Oil Recovery(EOR) ©
Geological Gas or oil field O
stor§ é Saline formation O
& Enhanced Coal Bed Metane o
recovery(ECBM)
Direct injection <
(dissolution type)
Ocean Storage Direct injection 0
(lake type)
Mineral Natural silicate minerals o
carbonation Waste materials O
Industrial of
Uses O
CO2
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