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22 A AIAMAABREUTREFAEAOARHE  BPEAREAR
BaEFEn, BEmrkEANAZTHREL Y Al at e s Naa R -
REF AR EEE —fAR g BAES - ENFIRE A ¥ B K # 4% (Research
Institute of Innovative Technology for the Earth) » Bl& B #7 & & B A48 b = R1bsia
EHWBRAKEEN - Bk ANEAN AR ERALAMRGENTR BRAASE
fr e OHSUMI, Takashi #+ > #HHEEX T HEFE L At MEMOERRARER
B o AR TEGEN T MATHER  HA AR RAITA M TAE 8 RA 34T
HEBENES -

A~ FRATRRA

FThATABABTS (8B EREKLRERBHER ) 9T BMER -
B #3 IHhe®

9246AH188 #E(EE——RT)
9246H19-238 |BEARAS(TT(DABAMERRELERERENRA » (21
FEE R A RAES - (DEHEE)
924%6A248 AR —— %4
92 % 6 A 25-26 B [RIREA £ RH AT  HE ik B & = R bse B )
92468278 BE(FLH—~—-AKR——4&3b)




%~ K B ARRE R = ALE B E AR B T

Prof. Hideki TSUGE &% ##ix

38 B - #03% (Professor) » /& A 4t 2 #+(Department of Applied Chemistry) - ¥ T £t (Faculty
of Science and Technology) & B f& % % X % (Keio University) °

2R CEBENBRARKRE 193 £EFRAALCEHRLEEM -

B R4S (1) A8 A% (Bubble Formation) (2)i%#+ #£.78&347 % (Behavior of Rising
Single Bubble) ()& a Tty KE N %%u‘ﬁ'iﬁﬂ(Hydrodynamics' and Mass Transfer in
Bubble Column) (4) R J& % &% (Reactive Crystallization) (5):iéi%3i% % & Hsi(Reverse
Osmosis Separations) (6)# El#%4#=%!(Gas Solid Fluidization Control) e

— ~ TSUGE ##&# X £ F RABRKT RN &

(1) #7687 s # %] (Bubble Formation)

R AR A SOx Ao NOX B2 AAL > A FREERAEAFTRAR  TRAHAKXKAMY
MEEEENA - AR I Y EMBRBRT AR5 AR - SOx o NOx FZR
FRRE PUAKER SHREFABBKBOHABRARLLEN  HIEFEES R
— AR PASABRROAE  MEZARGANIRERKTE  RAKR TR
EATAHRAMNERELL BN -

(2)5B 4 #7885 47 2 (Behavior of Rising Single Bubble)

Yo B — 18 L B R A B b 69 355 85 0] (Residence Time)Forf Atk & @M A BAEF
A0 £.56% 4 (Bubble Column) ¥ » £48 — &8 /A8 % /£ (Fluid Dynamics) s & &5 & &
Wk o B LR A B ERA R ERRA ZE VMG o R AN R BN LA R RS
Foa Mk MAT A ML 48— EEFEARTORE > Bt wiTRR—afie
# 4k B 2% (Bubble-Shape-Map)#0 3 — .56 & 7 i& & M ¢4 i % #2 X (Correlation Equation)
AETRERTHARER °



(3 A BB r ey ke H S g 458 (Hydrodynamics and Mass Transfer in Bubble Column)

Tsuge # 4% K % = 5L E# 4% ;8 4 (Bubble Column) iy » MAMALMRES - KMk
#7 % % K 8 4 A (Highly Populous Fermentation)#= % 44 &) X # K & (Polymeric
Metabolism) % & 585 i@ % BN AR 60 B 5 M 1 9 i B 3 261 69 3k 44 (Non-Newtonian)
MG o 4o & H AB 4L (Catalyst) e & #82 (Microorganisms)) A EN FBER T » Rl E4
P ABS SRS RALAR R - BB =k (Fluidization) » sbEFR AR
512 (Hydrodynamics)#% ZBARIE ¥ HBE T - Bt ARAREETRTRME—RAZMEY
RAME UREEBHEMNE  HTHREBEUSNES AR K A6 E £ (External Loop Air
Lift Bubble Column)#v % P& £ .78 % 4 (Multistage Bubble Column) &z & # R R HLT
et -

(4) R M 4 &% (Reactive Crystallization)

A _fR R GRS R T HGRTEAREFR® T RER RHHED - AAMZRES
213 (Reactive Crystallization Phenomena)#y % & & & R o B o 4o * B XA BT
HRER o EAUBEAHK RSB TSR THEKT  RER T O RIEE
B R S AR BT M TR AB PR EER - AR LS LB THREAMAR
HEER  AMBELLIBRAOXIFBRNAFLRAEZEL c BAATREER IR L
EA RIS AEB TSR TFARABEASBBYLE LR ENRBEBETHEIRAFE
# o

(5)i# %% » 845 (Reverse Osmosis Separations)

AR ESRBRANEE L P WA DS BAGIERE ¥ 5 E (Reverse
Osmosis) i B EI A NBTAB T EO T HERALE - RERTAEGES AN
B PR SARE SR ENABADFREENARILRGRASE  BnSREAp sk
HEGHBE - AEABRTREAEMEEANNERESG 240 L ERARA+5A%
BEmZERERE—FSEFAHALRERMRENAB T ES TOEIREN » AAMITERT
S ENABREAGEE BB RS

(8) £.B i 22 4x 4] Gas Solid Fluidization Control

SRR MBE MT 0 AAMARICROBRRI T+ o AR R EHAARABICRR
REBCABRAS  REELERAERERRAEN > AAA—BEAEENSH - Bt
BAM et A LB B4 ARESENERT LA KRN BT REC AR
Bk B SRS R T BB -



Tsuge H#M ERAFEZAMFIRIXRBUBE L EHERANL AR T ERNE ML T

(A) TTwo Phase Bubble Formation with Condensation at Nozzle Submerged in Immiscible
Liquid,: Koichi Terasaka, Tirto Prakoso, Wan-Yong Sun and Hideki Tsuge ; J. Chem.
Eng. Japan, 2000(33)113-119.

e

BAF AR S EER LR E(Immiscible Liquid)fe TR &M A0 » AEBENDERKY
ZABF o A HHERE AN Y e&F(Liquid Droplets) « R+ A3t rr S R B ek
&R > Tsuge TR E 77 B 472 3L — 18 6035 4 48 # 1t (Phase Change) #) JE3R A fUG 7 A X
(Non-Spherical Bubble Formation Model) Rk #47## - £ BATAHEIBE XA B AEET -
MMl ERERBE  FAHENUS R H S HRBETFHERD ST Fulis - &
HATHRERGLYH > THLOTRARFOTREMEX AEROERE -2 -

3

o}

#1993 # > Tsuge H#EL TR EP LRI IR B IR RBH B ANER > ERRT R
RE—FRAFH AN A faiT Al RaRBARSRAE T LA A e 53keta M
ik

(D Fexk A Ka7 g X o9 X A2 (Concept of Non-Spherical Bubble Formation Model)

B1ATh—EERRNFAHABEAGBERT - QAT REd B EMEANARGRZR B
ERARENBERALRDZERE T > BIARSARDR AR A =48 (% £48 (Vapor Phase)
Fo 4% # 48 (Condensate Phase) )&y €& A - A RAME » AEEARK(D) L aE
FH ARV Fogksia(Ve) » IREp Vo=Vv+Vc - 1835 5 & & 69 39 & & (Mean Thickness ; &)
HEBEBERAROHER A SHEAHEHTUTHHBART AT -

6= Vc/A
EY ABAMARKRBREHEBH -
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Fig.1 Schematic diagram of non-spherical bubble forma-

tion with phase change under constant-flow condi-
tion

B 1 R RAE R OBRET -

QiR A RBN OO R TS (Heat Transfer at Interface between Vapor in
Bubble and Continuous Liquid Phase)

B2 Ak iiaRdBikoRESEAMEE - #70ES M $ &4 (Continuous Liquid Phase ;
TmE  ERWUBEABRRFEELRAE ENAABAOERE  AIFGBREFHFENHIEGE
BE(Tv) - sbif » R ARBREERSRIAZE > MHAFHERTHIX > HTUATFHHENX
RFRET -

1/U=1/hg+1/hy+ 6 /ke+1/hy

£+ 0 U B84 8 (Overall Heat Transfer Coefficient) ~ hg % £48 #% #4% 4% # (Heat
Transfer Coefficient for Convection in Gas Phase) - hp 2 A 3 /5 4 5% #{% 4% $t (Heat

~hH-



Transfer Coefficient for Direct Contact Condensation) - ke AREBEG PR AEE

(Mean Thermal Conductivity in Condensate Film) ~ & & -F348 B & (Mean Film Thickness)
Fo hy B8 A8 kA8 # %% (Heat Transfer Coefficient for Convection in Continuous
Bulk Liquid) -

EHRFENSH AT R - NBRER > SRR R B F488(Gas Film)fie
B (Liquid Film) % &M - B 1/hgfe /by BT F IR A% ; JL5F o 48 M A0S REGH
WERFRFR > TFUMAS 1/U=1/hy+ 6 /ke * BBREFAVARCL R BMG L BITHE

48 #4388 (Heat Flux : @&yt E » BIT R q=U(Tv-TL) R F X &5F -

E % f.48 (Vapor Phase)fu 5t & & (Condensate Layer ) Z Fl g\ @ » ;A AABFATI8 ke 8
#(Latent Heat) » AR A 5Pr H 206 ¥ 32438 & (Molar Condensation Rate ; ng)e#y&w
FRo MBETINEBRAT -

ncqu/).
Bamfams mMAgsasa(Vonstd  ATRETAREXRTFUASEHZST -

St

Ve=Mw/p. § ngdt
0

A4 Mk o haslbRERNOSTEREE -

<— 5>
R, o
k D
< Direct-contact
condensalion
I
. Vapor phase
C.on.' inuous Condensate in bubble
liquid phase layer
q9

Fig. 2 Heat transfer at interface on bubble

B2 RarmikaRESBRHGET -
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(3)=—H A8 & ;1 81 (Pressure Change in Two Phase Bubble)

FrmrhAH—AREE RO HES -

Eb Pph R s RAACHBAFABER -HNHEX LM P A AARERAE
ANFR Yol F_BXEGREAROHERSEORABIEE - ENEIALLTHARR
FREFQOATFULSRETATRE(Ny) LA TEKZRAT -

ny=Pgp Qy ReTy

B3 Ppfo Ty AR &M > I, 0 Qy A — ¥ ¥ -

(4)% ¥12 4% 4 (Definition of Equivalent Radii)

RIEE | AATTH4 RARTmGIRANS 4@ #4549 £ 4 (Two-dimensional
Axisymmetric Elements) » 8 f58 ¢ & (Curvature) 9 — B X E ¥ RFRAM - H ¥ » 48
M@ A R RF&T » 1I/R=1/2[1/R+1/R’] -

(5) /&A@ 2 4 64 & /1 ¥4 (Pressure Balance on the Gas-Liquid Interface)

— AR RHHRABRA AR - BAERBRS R 0 AW AABRL RN S
BB 7 AR R, 0 Al T B XA -

Pg—Py= 0 L{Rxd2R/dt2+3/2(dR/dt)2} +2( 0 yc+ O ¢ )/R+4 1 dR/Rdt

Ed Py~ oy fo o 4B R HZ R H (Hydrostatic Pressure) ~ % & (Density)#o %5
#E(Viscosity) : HEXLME —AhE TR EHEME N (Inertial Pressure) - Pg—Py
HETRERMASMIGRA £4 > 2(0yc+ 0 )/R BIGETROHETRS » ENHS
KARE =R G FoTRBEMEH (Viscous Resistance) -

(6)F s Rty 8 3% X (Motion Equation of a Rising Bubble)

BERAMERGEAT AW R OBHOBL I £ EEH1I1EH ) (Inertial Force) »
~T-



i% 71 (Buoyancy Force) ~ " o & # % ®@ % /1 (Surface Tension at the Orifice) ~ L # &i&
Fr @ Es sy 348 ra A # % (Viscous Drag of the Rising Vapor Bubble)fe A RIEAM&H &
(Vapor Momentum Rate into the Bubble)% > % A Fii# 2 Xrw -

d(Wdz/dt)/dt=( p .~ 0 p IVpg— 7 D; (T yc+ O ¢)—1/2xCp o1, (dz/dt)2
x(zDy2) /4+4 0y Q2/ nD;2

Ee o WAEERELHAE E(Virtual Mass) » Dy A REKFaRk R EE > Cp A Reynolds $fd

BEE RERMALHTHER(OR)  AITaTFAHSXRT R EF -

Pg=C0cVc+ O/ Vg=0ce+poy (=2)

Eb cthiTREBOHBHL -
(N A8k %L T ey 3 (Estimation of Molar Number of Dispersed Droplet)

Ao HAAEEORERAREZSL Pt ERAAN ERBETY  BEAHREAER
ERBOMG MRS REERLRE - sbf > BMRBLFTHAOHE > A Th TREHEX
RFPUAEE o

m= 0 B, VB/MW

Rty

B 3ATHREETROREHRLEE - ATRTHOHENLBRUHEEA RERBA I BARF
BRER FULEBREBEAENRABALEEENG RN - EAAMRBERHEHAMBE v
HMAMBEL > AALHRFOMEANBRRERE S BB A THRHARIHRERF
THRE  HALEFBREEHEER  RABRRZAHREAMKGBREBZMHE T X
B 5k Bia(High Speed Video Cameras) » sAf A =t AR kO T EBRA -



1. Condenser

2. Jacket

3. Thermo-regulator

4. Constant-flow nozzle
5. Still

6. Water bath

7. Level meter

8. High speed video camera
9. Flood lamp

H. Heater

T. Thermometer

Fig. 3 Experimental apparatus

B3 RwmARARAOBRERETER -

T8 b AE A R E A 248 AR e A BIE B A Sk (Hexane)F» 2.8 2485 (Viny] Acetate) » 48
MR MERYEBERERERE]L AT -

Z 1L LB UHER RSB GHELEMLE

A HRER TR LEE T MBS
7 & Mw) 86.18 86. 20
ARAEEE(Oy Kg/md) 3.070 3.035
BEREECO 5 Kg/md) 615 870
AV-CHafh@uEEEN 0. 0504 0.0187
Ovyc [(N/m]
AC-Laf@wi@En 0.0138 0.00713
O qL [N/m]
#4% % Ke[W/ (mk)] 0.135 0.135
) [J/mol ] 2.89x 104 3.28x 104
#e (K] 343.7 346.9
K AR [wt%] - 2.3

V-C: AP REBAN &
L gEplR s RBas N &
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B A Rene iR ATREQv) S0 15%x1076-50x 10 6md/smzs e hEs A RA TR

#(Qv) A 1.5%1076-5.5x 1076 m3/s » A g5 o m4@(Di)A 2.00x 1073 m - &% o sr4& (Do)

2 2.64x 103 n 2 F A REREAESES 0.5 AREHT  EFTRABATRALY

AEEE > RARAA Tsuge TRET ATARLFRB A AR GERACAKER - &
HEAEBRFTRRCR KB LYY » TAEFOERRGRHEFT » &b IFRERBH

AR BEGRCRREBS  BTATRABFATRREARKBE RS -

Hexsne-water system
0,223 % 10%m’s
AT=8.7K

Cal.

Fig.4 Comparison of bubble shapes between photo-
graphed and estimated
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(B) "Ammonia absorption from a bubble expanding at a submerged orifice into water ;
Koichi Terasaka, Junko Oka and Hideki Tsuge; Chem. Eng. Sci. 2002(57)3757-3765.

HE

BAEFRRANULSABRUAAHABANKT > SR KR AHET » ST E K
RT AN B RILG RS - £+ FdhiA(Inlet Gas) RB AR AR ~ ARBMRFA
RER AR B ARy S o THRBEMA A A K H%(Growth Curve) ~ fib ey R kBH
(Volume) ~ £.:8 & f 89 & @m#% (Surface Area)#v &8 ik & 84  #k (Shape) - RE T HERTH
boo FUBBBRGHMEACABARTARMNLENHEH ABRRHR M RABRRRERER
£ HBERERHALK -

BRAseAtE AR S RA 2 M 69K 88 (Mass Transfer)#1— 42 &4k > AaM A48 ~ frd&4e
(Interface) ok M4 M E EB BB MU —FAGEH > NS EB T EH8 B A (Overall
Mass Transfer Resistance) o fe A& % ¥ #| A k3K A &6 A4t X (Non-Spherical Bubble
Formation Model) it #4482 4 @ rati(Overall Mass Transfer Resistance) @ #T#
HHBEBETRASATE - LARBEETSoEGBME  RARREERTESRRE - 3
SR B AR R R E B AU AR R LR RUATY ARG T AT BRI RIS
TR SAAEHE -

ERERNE

(1) Mechanism of Mass Transfer

HRNAS AR (—HREE S BRSNS FHAARLERBIHRAR T TR
BB EE T RMAE L BIEANBERKE T 0 R RO T BARH BRI RMARL R
AN GZHRREATESH - AAENA-RENDZME ESBORHRSRE 1 A7 -

Interface

In bubble

Bulk of gas in bubble

Rg R,
Fig. 1. Mass transfer through bubble surface.

B1-Rek@EESFRMAOBT -
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(1-1) Mass Transfer in the Liquid Phase

HAEEEBEBEABRSMET  AHERE LA RBEESEA t 74T AMEAR
SEIA S BP 4 & # #8142 # (Instantaneous Mass Transfer Coefficient ; ki)t Higbie’s
Equation & F A4& 3t -

ky=(Dy/ 7 )1/2

£4 D Bamis b ey (Diffusivity) - EH R THHHRA S ARETILERE
i sk o phEF Ky 4% % X —1E 3% 3% 1% #t(Enhancement Factor ; B) Btk k' R¥ K - FEp

kp'= Bk~

(1-2) Mass Transfer at the Gas-Liquid Interface

BELAR-REND  BAZ - FARARAFEEESERFRT R 2N A FERAE
AEHREREATABITFALGENRS  EMARAKRTEEESBRERTRES
EHRA-BHib  BHMAREARADTEFAR-RBN @K 245 8% B (Mass Transfer
Coefficient; Kp) B Td FTHAMEARTFUEFR -

K= 1006a/(27 ®T)1/2
EY > O THAARAMEHMFEE - ol hA#th#(Evaporation Coefficient) -

(1-3) Mass Transfer in the Gas Phase

HAFBEEBDAMG R > BESHEEAE R (Laninar Flon) ik ; A AR R FRITA R
Brm et Uzt BARBLERARADMERRY BRARARALFT LR L RSO

EX IR o YR
kgl/Dg=0.664C 0ol / £V 2(ug /0 DOI/3

fd o koA Dg 3B RAE T BT AN O E EHB AR | ENEFEHH KAL)
B EARORERES—F -
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(1-4) Overall Resistance of Mass Transfer over the Gas and Liquid Phases

HNABERHZEAEEIBRBAENEZTESAZSS wB | AATHAARBARE
(Bulk of the Gas)ZM @& ~ & A - Fo -\ 2 %48 A (Bulk of the Liquid) ; Bk - 48

Mz BT ES84HED)  AITUTFAIHEXRTF AT -

/K, =H/Kg+ /K +1/ 8K = =R

(1-5) Mass Balance of a Gas in a Bubble

HAREZRYCRZE > 48 2 BP #4138 £ (Instantaneous Mass Transfer Rate; N)
ThTHEMZEXRFUET -
N=K; aAC
Ed NiagliR&ATEBBREPRBROH ACHRTHPARPRBABZMYE
AREEME - ERNEX—HASMOXE > MBRUET It E > ABATEHSXmMw -
t

v(t)= Ndt

AR EFHEEGT BHAERTERRDGERTd T AR T T -

y=ygGg— v (t)/ Gg— v (1)

Ed  yp ABANTERRANMEGE T LEEE Oy ARABARADHEEEH (G
3 TRAMRRTERABRD) -

(2) Modeling of Non-Spherical Bubble Formation

B 2ArhAAERY AN ABRARSCEESE  RETEERYTER - AMEXEy
2H¥NE - OERRERE N a2 4 ( Pressure Change in a Gas Chamber) ~ £.& A% 855
o B & /) & 3% F¥ (Pressure Drop through an Orifice) ~ #7849 % ¥ ¥ 4& (Equivalent Radii) ~ &
8% @& /1 85 F#5(Pressure Balance at Element j on a Bubble Surface) - L& f i 4%
A 1 85-F#(Force Balance of the Rising Motion of a Bubble) ~ #./83% & 4% & (Moving
Velocity of Elements on Bubble Surface) - #t{4 tt B 49 % 4% 44 o {81 3% % # (Boundary
Conditions and Assumptions for Numerical Computation) -
_]3_



ﬂyF
PC

Gas chamber

Fig. 2. Non-spherical model for bubble formation with mass transfer.

B2 ERBROAHRBEXERS T ESBOERTEE -

R w3t 47

LERHREFBEY  FEHOERERSEUAANIDEANDHRAABEE > ENRIK
BRI REAREE - TRARRL S ABAARKE » LEACEREX B o FAHR -
NH3 + Hg0 = NH4* + OH-
BRAEKTHBBEREREESRS 5x 100 51 e AAPRARSRBEAMITILENE

RERE1AT-
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FI1-#A208K 44T » AAFRRARSABGYWELLNHE

ARALRLECAMY AMER RALEEE K aFo iR E
L EAE (0 kgn3) (g Pas) (C*, Mol m=3)
(y,Mol fr)
0 1.146 1. 75%10-5 0

0.08 1.110 1.69x107° 4.15%103

0.11 1.097 1. 68x10-5 5.58x103

0.17 1. 070 1. 65%x10-5 1.07x104

0.35 0.9884 1.54x109 1. 94x104

AARAEKPHEEMS DL=1.6x10"9 n2s7]; RAERA T MA A DG=2.48x100

mZS'lo

ENTRETHAEMGTRRE  ALAE IATHMEFER - ¥ERARETEAKE
i 208 KA T  RARBERGESLS 60 mm > ZARMASHERRLL 107 o -

NOAUhWN~

NH, gas cylinder

N, gas cylinder
Mass flow controller
Pressure gauge
Needle valve

Gas chamber
Bubble column

8 Mist separator

9 Gas escape

10 pH meter

11 PC

12 Flood lamp

13 High speed video camera
14 Thermo-regulator

Fig. 3. Schematic diagram of experimental apparatus.

3 TREAFARBOTRABMETER -

B4 ARG ETTRAEETEAGYREREBE  UAHA Tsuge TR T B TAARILIERAY
REHR BB NERASET TS AR OERAAREEE SHELHERMETRALA KBS
tb¥t o TG40 R B B RIEA T - & d IR RO R X AT 6 FUB AR KB E - 41

TmEXR
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TATRABFTRRCHRKRBEAEDES - FUFAARAETAARKOTRER » THF
foi R ARE T ORRAL > & 80-90%2 K - N RIAH REZI TLIEAN LT KRIUHE
F o

Experimental bubble shapes Time interval: 2 ms

V: 95x10°m3 Qg 2.2x10% m¥/s

Fig. 6. Comparison between experimental and estimated bubble shapes.

B 4 EHBRARABE RS L ISR OB AP TRABFTTRAEAKE®Y
tb# -

(C) TFormation of Magnesium Carbonate by Reactive Crystallization ; Hideki Tsuge,
Takanobu Tanikawa and Masato Sakakibaba; Bull. Soc. Sea Water Sci. 1996(50)58-63.

HE

it A st 5% 8% 4% (Basic Magnesium Carbonate; BMC)#fwss 8% 4% K 447 (Magnesium Carbonate
Trihydrate; MCT) ¥ #tR R & &k ey 4T > UE FE b 8 R 4bsE &8 = S ibm R A8 R AE
Ao P43 BMC #v MCT R & &k ey RE M) o KB T RE R T 4540 > BUC o MCT 697 A
GRREBREN RIS GRBRERMN LD SEM B#f X-ray st odregss R - T
TR ARE R 48 R & &k A A3 BMC Ao MCT sy e s it -
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R way

lmbhefTRELESEUFERBESOTREIVEE L2 2@ a45F pHt - %
HEEBME REREHE - BAK L 2L ¢y 8 AALEER0. 03~0. Smol /L) ENR f 44
P A Bk 600 rpm Fo R AR 50~T0°C #4TF - M =R Ats A 480 ml/min & AA R
BIEN > @ R BMC Au MCT & & Btk R R EARH] -

[ 2] l ’ o o
| | |[CD
N:co.llg L :
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Fig.~—1 Schematic diagram of experimental
apparatus.

1. pH meter, 2. pH electrode, 3. crystallizer,
4. motor, 5. impeller, 6. constant-temperature
bath, 7. gas chamber, 8. gas flow meter,
9. gas exit.

Bl -RESELARERBSOTHREEHRE -

TwmER
B 2 A4 0.03~0.5mol/L Ae st iR & 69 B RSB RARRBE 30-T0CHMT > H=F&

AL ABENFEBIGFAR AR RO EBERNBRMASHE - 3B F 7454 BUC F MCT &
WRGRRBREF RIS HRBREERMW -l E RESEREAMN (. Inol/L R L K

BB RARIE 50T HAh » BhEE AR 18 4T 5% BE 4% LA 5 4 R R A B MgC03 - 3HoO » 2% KB
SEE A 50~60°C Mk T o B A7 1 45 6 5 B 4% TR AN ) 48R AR A & MgCOg » 3H90 v 4MgCOg -
Mg(OH)9 - 8Ho0 &R AMAi A ¢ Eatd FEAE B2 60°CH4H S - R A 143 e 3 B 4% T

SFedy o4y 42 95 2 AMgCO3 - Mg(OH)g + 8Ho0 -
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Fig.—2 Precipitation diagram of magnesium carbonate.
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Fig.—3 Change in pH with reaction time.
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Fig.—4 SEM photograph and X-ray
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AMgt2 + 4C0372 + Mg(OH)9 + 8H90 — 4MgCOg « Mg(OH)g « 8Hg0
% R DR S5 CHAT - FI A RE S &k 8445 NCT a3 AR AR T
Mgt2 + 0372 + 3Hp0 — MgCOg * 3H90

ik 42 T BUC v MCT suidp o B 45 - H48 B4R 48 2 A AU T f AL AR IR B F= ik pH 1A 21t
gyiE ] > R3] BMC S MCT ey Hbs - & 28 5 ATt REIE B Aoz ik pH R MF S R
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Fig.—5 Precipitation diagram of magnesium
carbonate.
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(D)% %% 483 47 (Reverse Osmosis Separations)

HNAB > BEEM T SR CHRLERANEMEAEEIAMAES YRR E
£ L Blioig 2 (Reverse Osmosis)H MM EILHERARNETHB P ES T HERE
BB EBTHENESERNREN  FTEBARETSYREN AR LA DRENEE
IR EmE R AR BREOABRR R - RERARTRARE I EEEMYERE
o EALTHEBRBRNAR T 5AE > AEF LR > Tsuge TRE H#E— HIEAEH
FASEAEBRNREARPECEHEREEHE  RATARESHBENABRAGFBE
RABILEAV AR B 1lATHTREETAEHESRELETRE -

Bl -TRETERNEBERENRSG -

HFRBENBEXROBRESNA > AREREXRGHE  — AR ERTOE
RonA—BEZHHMREML - dNidE Tsuge TR T CHEA A R AL BT A Ab5 B
ERETIAHEN  RAMEBTATOSET > AOUTREEBUBFTERYETY
SETAIZRR - Hlo  HERFMHBYEREANLBRANKESRELETGSHT
KT ARBR PO RSB E R BRER BSS MM R PR B LR - K
RATHBKRACEN B TR HEFT A SRESBR TSR TFHEK AmiEd - R4Ls
PERFTOSEFSGRTETRBERAM T UBE REHE  MFRBMZIRELE SBR
(Reactive Crystallization Phenomena) 9 E#F R A E 2 &M - AN LB &L E > Bm
Tsuge RMEREZ FRAZEMAMMARIA - B BRAAUBHRRBCSY > T
mAE—BAEEEBAEAT S (Bl THERKARM REH) > AMiBEHELBR G AR
R EARELETERERAGER - BAT Tsuge BREE AR F - RAbo B4 8 T Hos5
BETHRASRRBBBNE LAY ERREBETHE SBEEE > SIAEREE _Aib®
BE > REFEAGETRLBHINAGBAZ -
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2~ T EWE A E L = Adbe e b Bl

Dr. Takashi OHSUMI XR& % #+

A A% B (Chief Researcher) » 87 @#t % £ (C0g Storage Laboratory) - Bt Bk A

W IRIB I A ¥ B M8 (Research Institute of Innovative Technology for the Earth;
RITE) -

2R BENRETAS > 1983 £H SRS LB -

B EARSR ¢ K 347 (Mass Spectrometry) ~ Bl4x %7k X % (Isotope Hydrology) ~ K. &

(Volcanic Gas) ~ = &1t 363k 162 ( CO9 Geochemistry) ~ s&.#4E ¥ (Geothermal Energy) ~

— & bz % E 345 ( COg Sequestration Technology) e

— %ﬂé“c'?%’

A& % po ¥ 148 — RAbs [5 8 at 585 (C0o Sequestration Research Group) ¥+ & X /& 5
KB BATHAMRHMAETHEN IR REREIGAR I » X EAMER AR H
BENEFEFT R 69 % X (C09 Isolation into Ocean and Underground) » »iif ik =&
LR BE - B 1l AATA—MHYER —_ St BRSBETER - $NEEZE 4
L EMM T LR OETIH EARRS  (DEAEX  BRRE AR EBN A ENE
ke —fEXFE2 BB EHH A (Moving Ship Type) 5 (D)EHER X | R E R IEANR
By F X BENEEEZFTARRYER » —&XHB2 530 X (Lake Type) - ZRFI A

THEBT_RLEMENARBRS  REEAR —RIBUENRT R R 0T 3K E 6
FARTFUBE -
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Overview of CO2 Sequestration Technology

Separation and Collection Platform

B1-AalpEi—fituRsnme i -
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(A) = fAt#s 4% 4% E(COg Ocean Storage)

FStudy of Environmental Assessment for CO9 Ocean Sequestration for Mitigation of

Climate Change (SEA-COSMIC) ; % 3L473b3K3R35 & ¥ Bt L M4 (Research Institute of
Innovative Technology for the Earth; RITE)AREKEFA KT EZ— -

it AR

FRASEBIT R R EARTEHBLE  hieEy —MA o Z M a5 X (Generic
Assessment Model) » SR B E4 KA AR — BALH A BEA L Z BB AR BIRGITS » ARTHE
o & % (Biological Impacts) ©

1% —r:g(Phase 1)3t £ 84T A 1997 £ (AMES) A RBF BT _RIHBE
iR E o ISR TRAT -

1~ AABFRIT_RARBEERAWNARTENE

FY-1 Fy-2 FY-3 FY-4 FY-5
R&D Itens By /11-02 1D | (og fa-09' /D | (09 f2-00' /D { (00" f4-01' /D | G184/’ D

(1) Study of |iquid CO2-seawater
at injection

(2) Research on technol cgies of C02
transport and dilution techrology at

intermedi ate depths of ocean

(3) Laboratory experimert on CO2
impacts on marine organisms

(4) Development of modals to assess
envirormental impacts near the area

of C02 injection

(5) Internatiomal joirt research on

environnental assessnert for C02 (NN

ocean sequestration

(6)Supporting Survey
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(1) %33+ % B4 (0Organization)

TRATGEEF ERTHBEALE  G%E FTHo@ ESRARRMAES MITL /7%
8y > 2R RITE Bl 4 ERE - TR B A AL T EET EAHPATHERITE &
TE2 T AR BBRAFT KRS THAET - FEHRTEROR R CEAH B EANTAR
B BRTHRE  ASLEARLEM > RRABMHERARERLENSA -

[ Ministry of International Trade and Industry (MITI)]

Governmental Subsidy
-

Ner Erergy and Industrial Technology Organization (NEDD) 1
L

Research Commission

Research Institute of Inmovative Technology
for the Earth (RITE)
C02 Ocean Sequestration Project

/ ™~ Technical Committee (domestic)
System Analysis for Global Environment
Lab. |

Nagasaki Branch Lab.

Abiko Branch Lab.

National Institute for Mechanical
Technology Branch Lab.

Akishima Branch Lab.

Akashi Branch Lab.

Depts. of TC (domestic)
System Analysis

Exper iment on Organi sms

A mode! of impact assessment
International collaboration

_/

Re-entrustment

Joint Research

r Marine Ecology Research Institute
National Institute for Mechanical Seto Marine Bio Lab., Kyoto Univ.

Technology/AIST/MITI
Dept. of Naval Architecture and Ocean

Hokkaido National Industrial Engineering., Univ. of Tokyo

Research Institute/AISTAITI

Central Research Institute of
Electric

International Joint Research

1J.8.8: Massachusetts Institute of Technology (MIT)

Norway: Norwegian Institute for Yater Research (NIVA)
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() %3+ E £ 2R Subject)

F-MREANABF BT AR R TN RMAR T E LR T HAT
(1) Clarification of behaviors of liquid CO9-seawater at injection
(2) Research on technologies of C09 transport to intermediate depths of the ocean

and dilution

(3) Laboratory experiment on CO9 impacts on marine organisms

(4) Development of models to assess environmental impacts near the area of C09
injection

(5) International joint research of CO9 injection at the open ocean site as one of

the CTI activities
(6) Supporting survey : (A) Study on the research trends concerning CO9 ocean

sequestration in Japan and abroad (B) Study on the optimization of the total system

HELEEARNFEER > TFRMRI L@ 2 AT ERTHBMETER -

Faol of
liquid CO2% lzonom

B2 F-—MEEHTHEOBRETER -
QE—HREFETLERRR

(3-1) RITE A s R
(a) The Behavior of Liquid CO9 Released into the Ocean

(b) The CO9 Transport and Dilution Technology

(c) The Laboratory Experiments of CO9 Impact on Marine Organisms
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(d) Environmental Impact Assessment Models in the Released Points
(e) International Joint Research
(f) The Support Survey

(3-2) KANSO (The Kansai Environmental Engineering Center Co. Ltd. )ArZEmAi®
(a) Studies on the Ocean Circulation

(b) Distributions of Carbon Compounds and their Fluxes in the Ocean

(c) Biological Standing Stocks and Effects of CO2 on Biota

(d) Development of Numerical Model for CO9 Ocean Sequestration

2~ % P& (Phase )3 £ 8 2002 FHL(AMEF) AR BEFETAILRRE
g R E -

(DZ & EREE -

B 3 ArhEEE —MEREHTHENBETER - FAHA = Ao =ik T B (C09
Recovery Plants) @ # & Bk 7 $E B2 £+ &9 — & 1bs8 F X 38 & (Captured) v ik b & 2
(Liquefied) ; 4 # A &ib — Rtz E#As(Liquid COg Carrier) kit —fAbs EZ 2 8

EAHT OIS RIEIEAH 1000-2500 AR & FEE (Mid-Deep) K ¥ o FRIL=4
b ¥ % % (Towed Pipe) BB oF » —RALRBAMELRDAANM 5-10 nm &£ > B4
PRBKLEHEZE SR BF GolpWR L > ERBEENEKT - AXBRIEZRBELH > 8P
BB~ RALB G P FER E B 100 kg/sec 2R A A In/sec LR ENMFILES Zn>
AlEH RIS HB R E 1000 ARERSHEANE LML £ (Initial Dilution

Ratio)# % 1/60,000(£ B8 4 Arow) - Bk €48 1 G ton COg 35472 1000 2 RRR 4

100 Km = 100 Km FF ¥ » Bk P AL BEEE 4GS 1 ppn- HAFRE HK
mE o EAASE S EEA A 2000-2500 ppr .8 © B m g BRIb—RALBBIEN * FF
BB KFT R EE S | ppn 9L LB RAS -
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tion nsing Moving Ship [&2

TFig.1: Concept of the CO; Ocean Sequestration bry Moving Ship

B3 FoREBRITIEOBETER -

Q=01m3/s
w=3m ls
p=2m

n=1 0m

| tnitel Ciution Factor ¢a=0 7w 7 b/ h | 4=1/60,000

Fig.2 The initial dilution factor of CO2 injected by the Moving Ship
B4~ FABHAREBIT_RALBENEE > AMAHEAHYTER -
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(%&£ ¥4 . RITE - MHI and KANSO supported by the Ministry of Economy Trade and
Industry (METI) -

(st £ A (RED Subject) :

(a) The Development of CO9 Injection System by Using Moving Ship.

(b) The Field Experiment in the Pacific Ocean near Japan.
(c) Development of Environmental Impact Assessment.
(d) International Cooperation and Public Outreach in Japan.

OUE TEGE

BomENEARA ANEE _AMBIEARBEREFEFRE VTS EIAL R LT
BEMHELEELE Bt XEHTHHAGURESRE  BLIARERFRLALERARLE
RERABBHRAFT R > REFASGRGRIT - ZARF wR F B E0RA BT - H3
EEFREANIABFE BT AR R EAT MMM ATEmeyS1F- 23 RITE B4 rr &
EHm R £ Bl&3E A - (1) Impacts on Ecological Important Species (2) Field
Observation (3) Assessment of Ecological Impacts °

(5)#F SRR AR ¢

HNE PO BB SRS RG B AN T FR—ELEHAL T Y THRE » Rt
FARE_AHMBETAARS A8 AwBRASE - B4R BFERET AR
BE SRELRNEESUGER  BmAAEERET AL E > AHBATE KA
RUXEH_RHBREHR - BB _RBENEF T UM E - LA BEAURM AR
BEIBARE PR P RALBIEANEF 0 X E_RALBRERNEKRT  AHUNEELR
HEREE  BEEEEF BRI ENEETUHENARRELTR  Flwidd
ERIBNEBERRPWEER B R EANEFHTR > FHLRISGRERER
EHEEMBEHIT - RATB RABEFHHE > BUREEN B RERBTRALBENEF S
K% wAHEPEARERAKORBAFNALOBEYERENBERMARGZRAE » RITE
HABEAT —FACRIENEF S RAATRERENEBF LR AN TRERER MG -

(B) —fAbst s T %% 4% & (CO9 Underground Storage)

1~ 3ERZmE

BHARTHE RET _ALseyttE - 74 RITE E@RT/AE F— @A EF(2000—
2004 )RR E - BTN ERGHAREL—BASE REPTEHAME Ao

o R4 H A RKBRAAEIEY AL TUEBTHE - XERRT LA AR EN &
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(Engineering Advancement Association of Japan; ENAA) #4744 - B 5 Ai-miaif — 1t
BENTHEHBETER - 44+ A —R1ts &4k & (CO9 Recovery Plants) - #% & sk

PR BERRIE R P 8 — i ibat T oA 4 7 (Captured)#Fo &b R 2 (Liquefied) : #] A &b — R b &
#As(Liquid COg Carrier) R\ —RALHELZ R O —FALBERT/EF & - @R TH

ZRACBIENBRT 4 800 2R $HTAHKERETHECE 1997 F » MBEAT 100 ¥4
= 4§Ats/ %) -RITE B4 8] & 4% F R4 > » Teikoku 0il 35 ak4x & (Niigata Prefecture)
BA_RABREANNTRBEORGTR(SALE 6 /7)) TRABRLEB _AILBEANTS
20 % > FAIFHIEAIMRAS 500 X » M3 —F e EAT A 10,000 8 -

B 6~ » Teikoku 0il ¥jakfr ® (Niigata Prefecture) R # 4T —RALBENTHEHTE
m -]
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 RITE Bfarf @ RO R EM Rl @FEH (1) What’s real ly going to happen after injecting

C09 into rock mass : Pore pressure buildup * COg-water-rock reactions (induced
seismicity * mineral dissolution > COg-water displacement) (2) How quickly the
injected COg migrates in rock mass:Permeability (supercritical C02)Fractured porous
media (3) CO09 monitoring: Seismic wave monitoring °

B 7= RITEE A il — RSB EARTHEARATR TED L2885
Map the movement of CO9 and the CO9 is being safely contained within the reservoir

(2) Injection of CO9 caused wave velocity to decrease and the pore pressure to increase

(3) Laboratory experiments are required to convert field results of wave velocity

and attenuation to COg saturation e

Cross-well seismic tomography

B 7 —fAEREARTHEARATRTEE
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2-mritEa 2000 FRAB(AMESF)  HARTHERBT AR ESRAMAL XA
RIS R FRAR -

| oy
NOTE: amows indicale the intercannection of the study
companents (from outcome o input)
sconechvl ot e sy components
. provide the fundamental data to
approach « provid the knowiadge and labo-
2} Examination of ratory data bo the field demonsira-
monitoring method tion experiment
3} Davelopment of
Simulation
» provide for i
4) System study acandd?t:gﬁ? avaluation o
_ + ot 8 3 i ectonics o
2 %ﬁf‘&m o hekowodaon orkingi
the implementation phass -
3 Geological Survey

3~RATRITE BN THAERNOAREAR  MaEA(1) R EAHNBE
sk ik (Seismic Wave Velocity) 9 # EEH > RAC RIS ETR T H LB %K ¥ # (Seismic
Tomography) X8 & R4 BRI - Q)BTHEMBER L BRATERATR » UL
ZRAbs K- BB RS A SR T T 0 #E L2 3 (Geochemical Phenomena) & & #3
THEENRE - Q)REMEER BB MEKk(Pore Water) ¥ —fbs A 8B AR » RIFFE=&
L BRI -

4~ RRBEBATHREL LA :
(1) Mechanism of the formation water displaced by the injected CO9 (Pore structure,

injection pressure and flow rate, etc.).

(2) Estimating the volume of the injected CO9 from seismic data, by relating wave

velocity changes to the CO9 saturation or irreducible water saturation.
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(3) Feasibility study on separating effects of the pore pressure buildup from wave
velocity changes, by measuring S-wave velocity together (Velocities of P- and S-wave,
the ratio of Vp/Vs).

(4) Experimental study on C02 injection to coal samples.

(a) Measurements on volumetric changes when injection CO9 into dry coal samples

(CHy4/CO9 displacement mechanism).

(b) Strain, P-wave velocity and permeability.

(¢) Gas, liquid and super critical CO9.

(d) Water saturation.
5 TRAME _RILHTTHRE

HHBARMT  AARTRREBF-_RCHROME  CBREBTTHHE  RHAFEAR
ZEATRERBTHE - £¥ A EORTBET - RITE BB A KEHFAFT - R
Ry —FBANBIFER = R EHRBBAEN - BARBEIBRER T2 HN
sbARR EAA B4 0 RITE B AT T BERBBRBETE °

1B~ AT R

FTHERLABLRABAT EAAFOGSFRERK -

(1)Tsuge ##%FI AL XA L —fibsh T2GURBAXLLER  BETHEARARA
BAREAR M —ES  BEHNBARIARIFAERGEBAAREIPRA LS
ZR e
DHBERFEA_RALBHEE CHIRABRRITHRS AN BEEHBRAETHEF
URERABRBEERAORFNER > BRARE ST -

Q) AR ER ORI AR EGEUBRRAFTARET BATRAASKRAE
AHEEGGRE > HRATH!!
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