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The Formation and the Storage of CO; Clathrate Hydrate in the Deep Ocean

by Yoshihiro Kobayashi, Member

Summary

A large amount of refrgeration capacity is required for the formation of CO. hydrate due to the
emission of reaction heat. This fact leads to the unfeasible facet of onboard production of hydrate.

Author introduced the new method of hydrate formation utilizing the vast low temperature capacity
of deep sea water without addition of the extra energy to CO..

The well stirred mixtures of CO: liquid and sea water are lead to the injection pipes installed
vertically toward the deep sea. The fluid is cooled down through the pipe wall below the level of 10 °C
necessary for the hydrate formation and the further stirring is given to the fluid at a few appropriate
positions of pipe depth. During these process formation rate is heightened to the full level.

After being deposited on the sea bottom very long term stability is considered to be vitally essential
items for the storage of hydrate. Author studied analytically the hydrate decomposition accompanied
with CO: diffusion through the hydrate caused by the molecular density gradient. The upper and lower
limits of hydrate decomposition for a hundred years were indicated under some numerical assumptions
as well as the temperature change of hydrate.

R-11 (CCLF) hydraté experiments were carried out, and the formation, decémposition and phenom-
ena at the interface of both liquids were observed.
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Hydrate BETLH 3), TR CO B Cwo i CO.,
HCOs™, COs*” O&EETE 2 2X107* kmol/m*» & L,

U BN K IF D Hydrate W CO. B &1L % Fig. 13 12
R, FEfRICE LYK D Hydrate 8 & UKk 0D CO,
BREZE Fig. 14 1R T, 2o OhiiEEs S Hydrate
OSREEIR (8L > TEBICKDB ZLMNTE B,

EERO W COBRENMAII AT, BEEGEHCELIRILE
TH2I06 Dy izbo L RKEWHEIRAZ L, BETD
BN TIEDDBERHGTFEET 22 LErEE T,
Fig. 13 & Fig. 14 iz % L Blrah 3,

5.2 Hydrate Z#8(Z1¥ 5 BEEAL X KERDTTHEM

(1) BHZRoEFME

Hydrate B8 3 % & &, £FRBEOFKBEICIHYE T3
BrEBE»rTN, BERTE2HFET 5. BHEIERO
Hydrate ~DO AZIHEAK L OREE» S DAHTH B, ¥
KEDBEZZ 1~2CL/hE L, LpOREMTORFEH /IS
W SHEKAID S DABBRIHIBEA T3, ZOBRET
T Hydrate O3 #5372 bh 3 &, ABEO KD F2BEE
TESWRHEABS S 2TREMELE L 3, FRRITSHFHE
W % 55, Hydrate DREEETA 2 <, K2 Am
»oET D, KEEEIX CO: DB £ HIET 5 —H D Bar-
rier L LTHSEET 5 Z L bF a2 B8, ENRc&E
HWHICH 2 RETO CO. DBEZ H T wHlofEc £
FEOREATRE BT D TR DD ETMEEIT I,

Hydrate S S BEE X (YurLue/Cro)0Cu/dr TH
bahad» s, ZOE% Hydrate BO 7 V¥ HERDA

SHCEBRHEE LTHIIL T, KOGERR 585,

YHRCpu%g‘IAHR g:;z +—Zﬂé—lf‘;:—k -BTCTH—, 0<r<oo

r=0: =06,

(14)
2=0: Wl 0)=—Auw 20

Hydrate O3MEHE AR (7) L bR, ERCHKRALE
FEIn Ik zEs,

0 __ w0 Lm
or YHRC pH (9.1'2 2CpﬂCHo

CHO_ CWO

IZ

JrDt® xexp(—m) (15)
7272 U Suffix HR & Hydrate O %2R 3. 0s : #8K
I 2°C, & : Hydrate/¥/kFE COELMEGEEEZRL,
NuBU3 ACE B E CBER 5 (2 =0.01 m/sec, L=100
m, v=1.79%107° m?/sec, Pr=13.6, Nu=0.036 Pr'’® Ref*®
=3410, Colburn XM & & h=16.2 kcal/m*h°C¥x % %),

Hydrate IREWEEE S & CRT L7 b & Ok EE
&% 7 (fraction) &3 hid

X
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812 AREMFRMIE F14 S
E oo 5 YEARS
= SEA WATER Y &
o. 0.2 ™ >
& € = | 100 YEARS
o MOLAR CONCENTRATION OF CO; (Kmol/ni) ~
= |, 20 40 s0 8o Eoe
i 1 l 1
g 0 1 DAY .
F—
100 DAYS =
0.6
!
0.21 SEA WATER
1 YEAR 1 YEAR D=3x10"° ni/h
0.4
E 0.4}
= 5 YEARS 00 DAYS
i} 0.2
[
E 0.6 0, HYDRATE — MOLAR CONCENTRATION OF €O, (Kmol/ri)
o
S D=3x10"" ni/h 1 oay $0 A0 B0 80
S — 1 DAY
(3]
0.8 100 DAYS
0.2
1 YEAR
100 YEARS
[ 2
Fig.13 CO:. diffusion and concentration in the Hydrate \f_; 0.4
under sea water current & ’ 5 YEARS
5
S0.6
ni= y”RLHR(CHo Cu)/?’nzoLice (16) E= 6
S €0, HYDRATE 10 YEARS
12720, rnoe=1000kg/m? Lw..=79.6 kcal/kg 7K O & & © D=3X%10"" ni/h
BTh B, KEEHRD Hydrate ND CO, B TRIL, 0.8}
WA TREMREE T H 5 L LTk TEb & nas,
dCu_ D 3 Cu
o UM ar 1ok 100 YEARS

r=0: Cy=Hydrate {HEIREH 0°Ciz
Kotk &80 (T7)DH
r= 0 Du aCu D CM—CWU

! 2

7z12L, D;: 7}0@0) O, VBUREL, 2z KBEE T, flzid
9:2099 2% x EE L B,

(2) #EZHE

h=16.2 kcal/m*h-d DA D Hydrate IBEZL % Fig.
1512, RERIZ LR 72 &3 &, PIHIC RE R C Lk
ERRERT 2T 5, WENTIZRA TR, B & 4t
WAERIC & THBUSEL B LN TR CEENT > TL 308
REEIIWEAD & DABIT & - CHIERE ST 2 2 L 535
5o Lo L7adss SpRHEED/INE 7z D FETREE 5 0°CLL
TFsZe@dinl, KERIZASNZOHETH 2,

(17)

6. R-11 Hydrate &g 3¥EER

R-11 CCIsF (X B AR 53fi# 553 6.5°C, 0.546 bar, &S
13 CCLLF+16.6 H.O THRb &N 3, CO LR, K DA

Fig.14 CO: diffusion and concentration in the Hydrate
and sea water under the still water

FREET 0.11 wt % L FEHIZ/N & W, - T Hydrate D4R
i CO HRB T LW EBbh 22, 4K - 5ME -
L83 ® Hydrate 58 O EBBEIA[HETH 3,

(1) Hydrate &R EER

R-11 & H.0 L DRELE, QY &, @48%, @ R-11
ERD 3RMFT, TORTEREBV DOE—5 —) L%
Tolee 11 E—=A— 2 100 m! DEDOBE 1~2 3Dk
BTHEMPEAE L, Hydrate M@nFEL TH2, S50
% DT T 2~3 53 C Hydrate 4K & h 3, ZAEFD
B iid 0.1 mm X 1 mm B0 54 sk e 2 5588 U ¢
WEM,EEERTT CIKEBEL 30 Wy BB I NITE—2 K
2 Hydrate 2B L X 7 ) —REETOHREME I BIFTH
272e R-1LAFDFTAEIZIE Hydrate D HHVNELED 7 8
R-11 OREFE LEEL THZ . T HOBE L BVIEE

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

CO: D7 7 A v A b & 2 BB DL T 813

B LER-NBABEBBDPICAZTFZONLED
Hydrate i@ 2 fFo7c b D L Bbh, Thafkein-><T
Hydrate 8 EANERL TITS b D L Bbin s, @R-11
#W+Hydrate D B H R EE DO K/ H» 5 R-11—
Hydrate —KDNE TELL T, TEZEETLCO: *
Hydrate TH/v— U IREBIZEEBITH 5, Hydrate DEE
BAhduhPmm Bohi, R-11EDE— 4 —{AIBEERIE
0 HR STHALEY, BUIOEWHEIIR S i\, Hydrate B%
BL TARPIERL ©— 4 — {858 T Hydrate kL T2 3
0.2 LbE26N3, OR-ILEOADHEERELEIRSH S
iz, MEORESL L U —» —fIBc 3 b4kahn
Twigy, Fig. 18WWRLTWADIER 1D E—A—Ddi
0.4l #1300 m/ @ Hydrate %#{F b L3k Ah, [EEEAAL
1DAY  — o ikt 2 ARBELL bDOTH 2, BHIOAKRL
i ¥ T Hydrate B4R L, KiZFAEA LG L Tw 3,
Hydrate lZ3®b o5, K-oiZ\v,
0.6 €0, HYDRATE AE®D X 5z R-11 Hydrate OBZE TiX, —E&KMHTT
3 DAYS Hydrate i% Guest 3 F OB R ER L, £ DR IIRHE
&7z % Hydrate BHEWIEK X vy, Guest 5 F D HLE %50
33 EERIE RV, L L 23 Hydrate 287 WIES
IR EBEE Y 7 P & TBEWT b Hydrate D B
RFEE T e, 72 Guest ADKDITEEIC & 5 Hydrate

-SEA WATER

e
()
T

TEMPERATURE (°C)
1.7 1.8 1.9 2.0

[

SEA WATER DEPTH (m)

C0, HYDRATE DEPTH (m)

1.0k 200 DAYS 10 DAYS

Fig.15 CO. Hydrate Temperature during Hydrate
decomposition under sea water current

{ZALR <, HEREHT ThAHESL S AT E KIS &
%, Hydrate OF4E 2T T 20 & OB BRINCLED
£5THB, $7-BHBEETHLILHFo7,

(2) Hydrate ® QAR EER

WD 3TFDORET 1°C, KREOERBANHEL T
KPTOEENRE 51T 5 /2. O Hydrate 55 mm X +7k
105 mm, @R -11 # 15 mm+ Hydrate 15 mm -+ 7k 160 Fig. 16 Start of 3 phase experiment R-11 Hydrate/
mm, @ R-11 ¥ 15 mm +7k 110 mm, HHIDIREE* Fig. 16 H:0/R-11
EM»SO®, @, @THRL, FAhEFNOWEDRE+—
TiRY, ZORRETHER E&ICR%Z L T R-11 Dik#% 1k
HT2HEERL 2l v, P TRELMIA LR
-11 ORIER2H D, KO Hydrate 8 & U R-11 #8505
L C, EBOZEMICE->Twa 2 EsBE s, K
KWBEINTETL T -7 L T— BB RKES
Fig. 17 1279, O Hydrate D & D& 13 Hydrate 25H K
HRLT Z204REs3BL% 10mm Thotz, 2L T
Hydrate @ 2 7 8 FiZ & 24 10 mm Ol v & 5 Kko
R E — 2 — g 2 iz Lz twa, 2ok sk
FEEREFFE AR E T, E— A — 285 T & CwEEL,
D5 EHUT CICHET 5, 2O 413 Hydrate B o Fig. 17 Views of 10 days later
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814

HASMPRHRNE 145

Fig. 18 Full formation of R-11 Hydrate in beakers

L ERTICIE B 5 3, Hydrate S & @ Guest 53+
DHIEEIS %51 ¢, Hydrate DEREEFHER KD 2 2
EVHEETH S, LorLZhsiBuwinsEibikbhcoi
RTHY, B & 512 & 7 IK Hydrate RIER CTLE T
H27:0, QEILLREARRHIINLIEHES N TITE,

Hydrate L LTOAERICDENRDEHE S IIERETH 5,

7. #%

CO: Hydrate % /s & U T, 569 CO, DB RES
DERETFBRIC DV Tz, Hydrate D&, £k
ANFIT N, AR, TEBNONT» oL,
TTOEREITFTH B Z & 2R/ LIz, %2 T Hydrate 4
B A NFOKESG % 5D 5 ERIEOFRBBRINOFR
LT, R CHRT2B/ABTNCERORBEFIAT 3
HEERLUI,

I EIFERE D Hydrate A0 CO, IBEHERIC D D
CHIEBENC X 2 SRR 2L, TR & -7
100 EEICHE> CO LR ETREHE L 7o, SREIC X 5
Hydrate OIREET L HEL2mE, HEEERBZITNE
KEBERZ W L AR LT,

Bz R-11 Hydrate EER 21T\, KEDRA S Y —4R
ERBAHFRETH S T &, Guest 3P FDKPLE & 41z
Hydrate 4R U TIT7< 2 &, £EH X 1213 Guest 18D
Bkt 3 Hydrate O E & BEAFKL TWB Z &,
Hydrate O T ® Guest #EAD H 2 b Az I =B 4
55 I EEMNBE SN, —/ Hydrate O£ EITIZRY]
OEROGFEEVEETH D, BT Guest IRE A E 8B L 1:
P TEHEEWI LBEI N,

LAk Hydrate 80 B3 2 W< Db O BREOLEROD
B ET o7, OB &8y, %Y - Hydrate &\
IRETACHEHESN TRV CH 3 1 HEEWMHEER
FHEC TR S03% W, SR O BBRITRREL -2,

=A
]

2 # X M

EAREAA - BRI REREY (CO) DfEhIc B 39
BRGNS O W T, HEREMESRE, F169 2,
1991 % 5 H, pp. 233-244

EHRERSA 1 WL CO: DEEMEIRAIZ DWW T, HA M
FRIE, B 1715, 1992 45 H, pp. 531-543

Plz X, KIE—RL, FRE#: CO. D BATGEER &
GAS HYDRATE OFIH, =31 ¥— « &IE, %13
EBEAS, YK 44%E 7 A, pp. 375-383
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Appendix I

Hydrate DEEL 50% D2 5 Y — D& CO2+6 H:0 ®
Hydrate i2 iz % ¥k &35 F &K S 8.45H.0 & %
3, 2O &ELCO: H.ODERIZ0.145: 0.855 TH
b0 HEE ccoyy cmo & LIRETEHIWEIKIEE On 1T

0.145 X cco( O +57) =0.855 X Cuyo(20 — Or)
MERED, 0.=140°CL %3,

Appendix IT

MET BLCO % wkg/he T i, £ s h 3
Hydrate &1 w/0.29 & 72 3, BAFKERE % 12°CLRE
LItx 10CETHHIL, & 512 Hydrate {3 2 Dz
BLnHIE Q i, BAMMKOHEE 0.6 L ThiF

Q=3.45w(2X 0.6+ 75.8)=265.6w kcal/h
700 m*/h @ LCO, TH i
Q=265.6X700x1180=2.19 X 10® kcal/h

E% %, —HEHEEOH I R-12HYOBEESH W5 &,
BHEIREE 30°C, IR 2°C, &% - BEE S F5°CE L
T, FEHEEEERDBZ KDL S0k B,

w=3.99x10* kW
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