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Dissolution Behavior of Liquid COQO, Injected into the Ocean
at the Intermediate Depth
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Abstract — The diffusion and storage of captured anthropogenic carbon dioxide in the ocean has been con-
sidered as a means of mitigating global warming, The dissolwtion behavior of liquid carbon dioxade in sea
water is a key factor for estimation of carbon diogide sequestration in the ocean So, mn this study, we per-
formed calculation about the dissolution behavior of liquid carbon dioxide along depth. The results show that
the preatest change of carbon dioxide solubility and density occurs at 500m in depth, and when carbon
dioxide droplet is released at 1000 m in depth with the initial droplet diameter of 0.010m and less and at
1500 m in depth with the initial droplet diameter of 0.015m and less, the droplet is completely dissolved
below 500 m in depth. Also the hydrate film acts as a resistance layer for the dissolution of liquid carbon
dioxide,

L M =

79 el E 47171 el wi,

HAR| Aol mE 75 ojAl3tats FEFe
7Wb AT 233 @Al AF Aol Azl o4 7
e dorle AQes weAwA], W7E olakeet
22| F=E A7) $18 w2 A7) dsEe 2
I odvt A A dyst SMdR QA
A=E ok W77kt el FlE
2 ollERag AgE E=e AEhe A
€2 e 5 U olE F Fe - E5d ol
Z ke AE AA AR e R W)

o ofy

41

ol iR A=l Hh o] o|alEEkad] FEE A
A7 7P EAR Vel elA gl o=
HMARS AHEss TR Wj7ishelA] o] Ak
B Heidle], she|ZajalS Fal okl o= A
2Bk VlERaA], AT 23RS d3lvle 2R 4
Holzha? Al o) FI, e]of] digt dF7} S-S F
Aoz k] AgFe] 23 3ot o|uFeag S
of Afele 7led A R ERsled e £
A3 500 melM 1500 m Atelol] o] AbtehiE FARA|
7 afpol] S3A71E el SRl olalekiel |



42 Al -

27} sy dERe =24 Ei= 2500 m )8le] AH
el AAshe v etk

sk A 2] oakE Haghem FeolH o F 7}
A WP g A 7]7] Hahat Alslel ] o) akzigkt A
4 A 55l ok vk Samd oAl HakA
=l9] ek el Fgt A5 reEkE 2P Herzog 52
alof vl v|RE s APHeE -FF“’??}"“‘:J-”
Teng® Yamasaki= 95482 A1 65 &5 278K
oA 203 K 22]2 §13] 6.44 MPal| A 29.49 MParl=] H1
Bl ofakalekd Sl mel] oiEl AE pafsid
Nishikawa 53} Hirai 52 3000 me]] o412kt A4
T A% WATR RS A9H0E Basigleriom,
Aya 57 Shindo 5-2 s B} all<el| 42| slo| =2 o

= whael g AT Saarlc 9, )5 Teng 5
< SolA 1000m Welirle) olaksiuke galwel
Y ADEE oFHA, T} A2 BaAAEE
| 25h= AT ME et obd gl AE 24A
= ARl o p] I Fiaae] BAIAE AMREPe el Z
ool FElA Ht BAAE AMES)e] Alakaiedohinan,

ulFha] B el B4 ] el fal o2 5
FEANFH AL Fouk2 Clipperton-Clarion $22] 3t =
A7 1255, B 20508 71EL=E Ele wlele)
o] W2 g0 m. 2%, TR o 9F 5o &
HAE AHEsle] F34E0 1000 me} 1500 mel] ¥41%
B olablekie] LallHEE Ak} e Aeluh

2. XHiEEY

2.1, O|&tStEEAo| FSiT

o) AbElEbAE BlERA] Ealel dlme] dflf= o9 7
g S4 BAR MR O AL ﬂ-zh_ glet, weba
ol atglebir) sl BallEle 2] st ol arEgt

2o s AP 8 & ﬁﬁﬂie 27 Hu}
Gl 2 ATl STt ol aksiukae] Sl

AL BajElE, olitElgkir) dlo] LaE= cgqu
Ny 3—’31‘5?‘3} wjeba) o] 4hEiekne] S E(C R TH
*} 7o) A2j=let.

Neo,
CSEV; (n
S371A neois Aol e sle olAbEsiae]
oz, v, = dA 2xwe) gl e sigia] el

H}E}H 1'1002‘15' ’ﬁl( )91’ Ea s

PcozA Vcoz

120" Meo
1

@

o= =st ®o M1z 20004 28

AET -

a3 - A

2 (@F 21l A $HECKE 4322 28

LS
Peo, &Vcog
MCOEVS.V«
A7|M peoe olAlEERS] WEa]3L, AV, = HA
3} ¢lEE A Hdel 2alEe] 9l o)ikEfskae)
‘J']O]tzl' J‘J’]—L Mcn‘\: O]A]E]' ]'—)’:"] RZ1E01:0114, 0—]131

C. 3)

£k

olstese] ey B¥E vhash ol BT £
slt.

G

XCOZ_%{C&QH/MW) {4
Koo, Paw

C\:+ 5

) (I_XCO,)Ms.\V ( )

of 7] A1 Xco = EEE=Ae] ofAkElEld Bae] T |

= M., &= 22 wf)ge] Wwsl ERske|o) Zea B o] A)
o] elalsjeba L=y wlE]e] WAL WHE e g
e

fco1

‘CO“_KH {6)
A7|H xge, B EPEM okt fel=elT, 1,
o} K dA eme) hgskela] ol d@elns] frlal
E] (fugacity) &} #lz]Alpe|vt. sl A o] akitelie] &
SEE ¥ I3 Wi oln) dES T A
o e,

Xca,
1n| m - =08 %o {7
Xco,

o7)4) o saltng-out A=) T S%os W=e|th 2l(6)

=+ (7li—rE1 ol Ale BHE s TR Ao
vehd 5 sl
leay e

XC(’z:(K ~)cu " (8}

o 7|A] F2LE NS salting-owt AP T2
=8
Ky=a+bxPoxP? 9)
8=5.20x10°-392xT+0 075xT"
——103+0.708xT-1,20%107xT*
c=0.022

B 1= i



F3AEE B 4F oldEbaAs GAF A 9T 43

0=0.543-3.54x 107 % T+3.69% 107°xT* (10}

o714 K] 99]= MPa, = MPa J2 1 T 44l
(Kelvin) 2%=o|0},

22. ORMHEHE oisel BeiE
B N4 STl et AguTe|
+ sk 2

d ﬂd:éoz 2
a6 Pco, —Wdcozk(cn—cw) {11)

o171 peosth degsie: o]} EHA eBA2] WS} Aol
o} 2 C &b Cx olabgmki 28] Eniyw=e) 5
e olabslehkd FRo|d, k= B A Afeld
ol pEeks: A2 sj40)s) AEue] 44T ol
Zdo]E 2 wlFe ) 2 fEE- 5l o,
by Al A A4 K= o8 o] TR,

Sh=1+{Sc+1/Re)'"0.752Re" (12)

A2l S} 1/Re B =7] wfjBe (1305 7H
3| vehd ¢ Y-

Sh=1+0.752Re" S\ (13)
AlasplA el A A B o g wls)A
wl-§- 2] wgel] FAZ o gle whebd 213 v
&3 7o},

Sh=0.752Re" 751" (14)

(1491 Re=Udogv, 5 Sc=v, DB Hsto] Ae]
s

kdco, Udegg "™ i3
*=0.752[ ] ] (15)

W 3
olal, o7|A v, = dlde] EHAASE, U= Y4
I3 D Bk el A15E B2 AT 44 k
= A=l

0472272
k=0.7520 O (16)

CEENCEES]
CO, ¥ow

o] fieh 2T 16y PRLE U

U ,4dc02(Pa‘w*Pcog)g (U
N 3CDP&,\»

ol o714 Cof} g A mHEA G} A
o}, 22l A(6p] U AT D e Ao R
FHAG,

D_7.4x10‘3(¢£4,,w)°5T 18)
uN.WVCD,}
o] 7| A = #e] T8 AR AR (dimensionless as-
sociation factor), M, = &2 BA5F, T AWlew,
i S AR 2ET v B 2E00A9
alakglett- EX3 oo},

A elaslaE FEAHC] AR A3 olAkE
Wi e oo sfela] W e ek S0
o4 CaCBRR 75, it Zol(z)9] §Fa o)it
ek o] AFRSHES ehd 47} e

d(dcoz) 2kC, dco2 d(Pcoz)
dz (U-U}peo, 3Peo, dz

(19)

47 U elAbgekt S% Plume) HolM SHER
Qate] PSR el AELEER. B AT o] B
9 HEgeAE gl ol deh

3. AlMEE

B T4 vlee] Zle]7} 10m HE wlulc} gF
FHo| 0.1 MPa¥ Wl 7RER e, dA 2wt ¢
HalollM elatsptie] Leipe,, 9t F7HE ooy
F RF Qe M HFER dlelE ERadE AL
Bl 32]3 Clipperton-Clarnon 3|9 Jg] §F =3
¢l M3 1255, E9] 20504 Hpgele] ulE s
o WE 2 FaAAHS o dxr FFne} gt
A Agsie JelHE o skd

Fig. 12 Clipperton-Clarion #9}2] & =gl A
125.5°, 55 20.5°¢] wicjzlelo] whE 229} qpEoR

100

300

500

TC0

Depth (m)

900
1100

1300

1500

0 260 400 660 860 1000
Density (kg/m?3)
Fig. 1. Density distributions of liguid CO, along depth.
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Fig. 2. Solubility distributions of liquid CO, along
depth.
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Fig. 3. Dissolution bchavior of released C{; droplet
at 1000 m.
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