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Abstract

The excessive emission of CO:z has brought serious environmental problems. As an important part
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of CCUS technology, CO: storage technology can reduce the CO: content in the atmosphere, effec-
tively suppressing global climate change. This article summarizes the mechanism and technical
challenges of carbon dioxide sequestration in basalt, further understanding the mineral composi-
tion and carbon sequestration mechanism of basalt. It introduces the CarbFix demonstration pro-
ject of basalt CO: sequestration in Iceland, discusses several issues and challenges faced by in-situ
mineralization sequestration of basalt COz, and concludes that compared with conventional seques-
tration technologies, in-situ mineralization sequestration of basalt CO: has obvious advantages such
as promoting carbon mineralization, long-term and safe sequestration effects, and large sequestra-
tion capacity, providing theoretical guidance for further development in this field.
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Figure 1. Distribution map of major basalt provinces in the world
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Table 1. Major basaltic provinces around the globe

F 1. EREEZREEN

Hby (DA TH A (km?) AR (km?)
Columbia River Basalt Group Northwestern U.S. 20,000 224,000
Emeishan basalts Southwest China >250,000 >300,000
Decan Traps India and Pakistan 60,000 512,000
Kerguelen Plateau Southern Indian Ocean 2,300,000 9,100,000
Keweenawan Basalts Northcentral U.S. 160,000 640,000
North Atlantic Volcanic Province UK and Greenland 1,300,000 6,600,000
Ontong Java Plateau Southwestern Pacific 1,900,000 44,400,000
Parana-Etendeka Province Brazil, Namibia and Angola 2,200,000 >1,000,000
Siberian Traps Eastern Siberia 340,000 400,000
Yemen-Ethiopian Traps Yemen and Ethiopia >600,000 >350,000
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Tl ABE TR E 5 )2 R LB 2 ARk % R R A IRAR I, T iAa R K &4
ERTERRRZ, A RECE T R I = A BRMER F A — € M IR 5 [36]

Oelkers 5 N[23 1078 1 X5 — A AT Al A7 (0 A1 S ANB Jy 2220, AR AR T LA S 475
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F R PR b el R ) MU ER SR T o SEIR AN UE SR 2R ], BRAITEERR Hh o A v B [T i 3 1) R 3 2
TR SR RSB o — A FH S 7 RO O AR . BB S I R e A 2 T T DG B PR A e 8
R A B ES T AT ERR T F B, 2 A AT AR 1 1 A

TARARR AT ELEN K A BURIRAEK T [37]0 X — I RRIR T A ABRAE K R VA AR AN BR R IR B
BRI AE S50 il FEM 3R FZ A BR . BRIRFEA 1 SR ALK ) pHE[18], JFREIN 1 H Btk . Blitk, H&E7IF
IRHEAN U, A AT YY), R T (Ca?t . Mg A Fe?) BIEH[38].

SRRSO RN IR X A S K ERIR A TR T R R, DR SR A AT P (1
IR [39]. 42 FIH T AABEN G SR PO BRIR AL B 0 IR (23], £ 3 4l 7 Zala R
MR At A 7 A BB IR ER A WD (¥ B [ 341

Table 2. Potential minerals for carbon mineralization in basalt

? 2. TRAETBENRYT LT

7] x5 BHAE 1 MR BT A
WERA CaSiO3 9.68
BRI Mg2SiO4 5.86
s Mg3Si205(OH)4 7.69
A CaAlLSi208 23.1
ZAE Alos6Fe(111)0.02S1Ti0.0203.45 8.67

Table 3. Carbonate minerals produced upon COz storage in basalt

3. ZREF ZEUBRHE LRI Y

Y] R BRI ) 7= 5/ P A /m?
Ji A CaCO3 8.34 3.08
Y MgCOs3 7.02 2.36

HANEE A NaAICO3(OH). 12.00 4.95
ESPN FeCO3 9.65 2.49
ISPy Ca(Fe,Mg)(COs)2 8.60 2.81
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Table 4. Study on the interaction between CO2 and basalt under different water phase conditions

#F* 4. TEPKEEHT CO. SXREMVEERMAR

KA BRCOFEAMPa B pH  BAEEEN RS Gk
N BE RSUEREE, BRI
K 250 >0 3FR 7 40 (H,CO5) HE— 45 SR
¢ WEAH KT TR,
K 50 ! % 7 65 (NaHCO;) L H AT A
o BRIREUR (% pH 440 F, W 16 %
K 1T 24 80 (HCO,)  Inik, ARITFHELTM
N - ﬁﬁ&é%*ﬁ r%— pH /%1EFT’ COzﬁ‘b—é\tE]
K BBy B (o) PR
SRR AL P
FAHTA 100 0 408 - o, g, ETCREE SRISEEE
BT ) A
rhL Ly
SHENMIK 150 5 2k - : WZE. (SRR
) ok
HREEAE —_
R 7 K 25 0101 24H 7 ® FioEREm meE j‘%&iﬁgﬁﬁﬁ o
AN S =

HIEEFT W, ZECET YR COL L EAFER S pH Ak, AR G A RIKIE TSN, FEAH #iER
JERNE 3260 R A TIEAN R, DRSS R 2 AN T AN AR 26 1F RO BRIR AL, 75 2040
TAACBRBR BN . K BRI pH 2 8] (RS 4RT- A, DUEAE & BRI 8] RO A ROhe L — ki, ik
i 24 35 24 0 pH (U0 1k BSOS B ) S o B A7 AR B R AR 1 o SR SR, B b 7 R R bR,
BRIR SR TR R B K . sty il = R (A 200°C A1 50 MPa)fll iy pH 2514 1, BRIR b iR 1A B fe e, 5 F)
TRIE A, ELRET R EEN, TR RIERIRRE, WIEH ST

COy 556 A7 HIAG 22 S B A S 32 RIS FE B COL TR T /KRR 1) & A IR TR I — A & Jm B
By (R 2 M 3), DURBRIRIRES 75 M BB 7 SN AE U TIE(X 4)

Table 5. Chemical reactions in basalts upon COz injection

=5 EANTEURBEZRETHULERN

RA I I SRS
CO, +H,0=H,CO, =HCO; +H* 45
(Mg, Fe), $i,0, +4H" =2(Mg,Fe)’ +2Si0, +2H,0 2 T
CaAl,Si,O, +2H" + H,0 =Ca’ + AL,Si,0 (OH), 3)
(Mg,Ca,Fe)” + HCO; =(Mg,Ca,Fe)CO, +H* ) UL
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AHOR BB AN W) S AT AR R, A AR IS AR E K TR SRR PRI W o 5 A T AR R T AN P S
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(MgCOs). ZE8kN(FeCOs)FI 7 fifi£1(CaCOs), RMUNZE 5 Fizw.

WFFER, fomi b e NIER R R ARG B KA. pH . SR YR AR 16].
ZERIESE A0 D@ VEMHRIR /0T T COy WA 26 T X BUE A R I SO 26, FREESL ARG AY . &5
AR, HEFE T DL S I PA iR e N3 (2028 200%)

3.2. CarbFix Ini B

HZEHAT, CHaEks = A TREREIHT T ZRE COy HAARK, R A7 R~yam H L&
6 [41].

Table 6. In-situ mineralization and storage demonstration project

F* 6. R HHERERAR

T H 45 EpaREA= CO2 A2 BE T B CO 75 LS
WaEEKE e 2003~2005 EN CO2; HEf o
Nagaoka = jj45 el ST Il R E 3 10405 M

2009 SEHFETIH, EEEMT

B5Y = L it = SHEE T
Wallula j(ffo’gﬁfo%f)ﬁ I BRI 2013 4 7~8 HIEA ﬂﬁcoj@r):g;ﬁ% 0 6o
CO2; 2015 {2 LIE e
: XA e CarbFix1: 2012~2016 4F HHi44E CO2 1N 6500
D,/n o N 0,
CardFix — 100~800 m) COMMNER vk 2014 4554 o, ARG 033 12 007

76 FIATUE 1, Bk CarbFix Wi H #k, HARIH ¥ E L5325, CarbFix W H MR E K HANE4kS:. &
6 MEIR T IR JFEAL b B AE R VBT H ST . Oelkers 25 ACA CarbFix i H #2441 T F 541421, LAAK
ARG R AL AR I AT AT . Rl IR IR AL A T PR AR L R KA CO, - K - 5
SRR, o AN B B AR VR R TS G N, A ER U RN AL AR VA A 1.8 x 108 Wi
ALK

CarbFix J2— ATl - ZARBA R ATH, HIRVPGTE R B A AR P A7 T AT
CarbFix JURF (147 52 'E 5 Hellisheidi MK L) RS, B 7 G A 425k, 38 n] L3R
H A HER) —E bR . CarbFix T H W Th#Es) 7 AN CarbFix2 Friraefiit. CarbFix2 & —#A
H, EAFFHN-16)AL Tt R AE PE I, H brfid 258 B RIS T, B 28 8 L) X o 2 A 6 2EL
RNEAEL) 800 m PR FE LA R IR Z RIS, JFE 1700 m LUR 5 S HuAL, R~ 218
B, HBIMEIE 500 m LLFEKEBEMER)FEEGHF R, 2000 m K EA 2R EEE A
220C~260C. —2223 0N, 2 185 CHIRE BO&E & N Y likig £k, HIEFIENREER T
1200~1900 m 2 [f][43].

CarbFix J7 ik )53k — 5 B AT e e o H S T A2 g I A A7 — S8 Bk [44], BENBIRAFEEMZAX
A, BERS LT B AR g AR R [45]. A5, i 10 75 =S40 Bk ] DU AE tH Sl e dros
[46]o 1N HATBK B EIA CarbFix2 T H 1) —# 55, AR IFRIE I m R vE A 78 A ARk i 7K
T AE R X s B AR R . CarbFix2 T H #E— 258 b B IR B 25 S i 3k b, 1k
NL A G SR AT IIAFEORIE . JEA5, Carbfix2 W H CCS WIEAR AN 25~50 & 70/ [47],
w7 iR
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Table 7. CarbFix project storage cost
%z 7. CarbFix M BHFERA

. - ASATS
Hellisheiai 1~ Bl Ak Hellisheidi H] ¥l Hellisheigi /& ) &4 Al

Bt A A8 FH oV HLA R B3 B A
EHESS 213 213 42.1
b 1.3 1.3 1.3
HEA 1.3 4.1 4.1
hifs 0.9 0.9 0.9
SR 24.8 27.6 48.4
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