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1．Imtr血ction  

Gashydratesaresolidcrystallinecompoundsthatconsistofgasmoleculestrapped  
inaframeworkofhydrogen－bondedwatermolecules，andareStableunderhighpressure  
andlowtemperattlreCOnditions（Sloan，1998）．Naturalgashydratesoccurworldwide  

in submarine sedinentsiJldeepoceansandin deeppernafh）Stlayers（Kvenvolden，  
1993）．Subma血egashydratesinmassive，layered，OrParticleshapes（SuesseEat．，  
1999；Oinぬurg，1993）arethoughttobeformedbygasdihsionmechamismsinwater  

（BdbttandZatsepina，2000）．Incontrast，globdargashydratestruCtureSa托fbrned  

たom gas bubues as血own by BohmanneJ〃J．（1998），A CO2bydrate血imney  
StrtLCture WaS dbservedinthe Mid－Okinawa Troughby SakaietaZ．（1990）．This  

Chimney was a translucent elongated conicalpipe standing on the sea且00r・CO2  

bubbleswerereleasedintoseawaterthroughthechimney．Fornationofahydrate  
Chimneyiscon駈Ctedwithgastransfbrintheunderlyingsedinent，andtheshapeOfthe  
hydrateisintinatelyrelatedtothehydratechinneyfbrnationpro伴SS．However，little  
isknownaboutthefbrnationprocessorstabilityofthehydratechinney．  
This study was conducted to understand the COz hydrate chimney formation 

PrOCeSSbyudngapressurecenwithopticalwindows．  
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2．Ex匹rlme皿hlmethod  

ZJ．カ卯相加  
Apresswecellwithopticalwindows（pressurece11，A）wase甲eCiallydesignedand  

COnStruCtedbyShqiieEat．（2002）．Thi＄Cellismadeofstainlesssteel（volumecapacity  

Of400mJ）anddurabletoamaximumpressureof5．OMPa（Fig．1）．Aschematicview  

Oftheexperinentalapparatusis血owninFig．2．Pressurece皿Awasplacedinan  

ethyleneglycd cooling bath kept at274K．CO2gaS WaS SuPplied from another  
PreSSureCe皿，B（volumecapacityof120mJ）bydecompositionof‘dryice’（sohdCO2）．  

AstainlesssteeltubewascoJlneCtedbetweencellBandano2：2：1e（diameterl．Omm）fixed  

atthebottomofcellA．Internalpresstmsinbothcens（Pl，P2）andupperandlower  

temperaturesincenA（Tl．T2）weremeasuredbypressuregauges（KEYENCEAP－14，  

OrlOMPa range）and platinum resistance thernometers respeCtively，and托COrded  
automatically．   

之2．伽ced〟′e  

CO2gaSand300mLofpurewaterwerekeptinpressurece皿Afbraboutonedayat   

5¢mm   

鞄J．血相αJJJノbrわId和ねdかⅠ叩♪〝和■娩吼   
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274Kandl．00MPatoallowpre・七ⅩperimentaldissolutionofCO2gaSintowater．The  
gas sⅦpply presswe（P2）wask甲tbetw恍nl，50and3．00MPabyⅦ血g apre∬Ⅶ托  

regdatorduringeachtestnn．Therefbre，thepressureincellA（Pl）increasedandthe  
rateofgas飢IP画ydeczeasedgraduallywithtimea鮎rtheonsetofeachexper皿ent．  
FormationprocessesofhydratechinneyonthenozzlewerecontinuotlSlyrecordedbya  
videocamerathroughthewindow．  

ま．］馳朗仙Its8血ddi5¢uぷ戚○Il  

まJ・乃edね喝eげ妙d和托ぷ加血管扇助pれ那〟柁  

EighteenexpenmentalrunSWereCOndllCtedwithfourpressurelevels，P2，fbrgas  
Su押1y．EachruJ）tOOkbetweenatx）ut2minandonehour．  
Figure3showsatypicaltime－Changeofpressureandtemperatureduringtherun．  
WhenP2WaSl．50MPa（PIWaSnuChlowerthanl．50MPa），nOhydrate払rmationwas  
Ob配rVed．WもenP2WaS血山2．00Mpaormore，andPIWaSab山l．50MPaormo托，  

gasbubblesbeneaththewatersu血cetransformedintogldbuhr－Shapehydrates（stage  
l）asshowninFig．4a．Thismeansthatami血tlmPreSSWeOfaboutl．50MPais  
requiredtoLbrmCO2hydrateat274Kinptmwater．Instage2（PlrangeS丘oml．56  
MPato2．40MPa）CO2hydratestartedtofbrnatthenozzleinacⅦpShape（Fig．4b）．  

，♯」   
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月g，5．鮎押印由り血加g′Ⅵタカ∫q／c鋸J門〃り∫抽JCJ以柁grOW班．d仁和cたd〝edre（ブdJJカeJ呼可’血  

Cわ∫e‘ゴビわわ1〃サ「叫d〃dαぬ占地α∫Ce〝dedJかけug力血坤力oJe「坤乃eわグげ血c鋸′”搾り  

Wd∫CJo∫ed妙カγd和ね♪J′”曙αf〃研er∫0′”eC厨川〃りgrPWf力作ノ．  

Butgasbubbleswithcup－Shapedhydratcsascendedqptothewatersur払ce，aPartffom  
thenozzlewithoutfbrmingchinneystructures．ChinJleyStruCtureS（Fig．4c）started  
to fbrnin stage3when PIWaShigherthanabout2．00MPa．When thepres＄ure  

d脆ren¢ebtweenPlandP2WaSbwertbnO．10MPa（lowergasswlyrate），l血1loon  
Shapedhydratessometimesoccurred（Fig．4d）．Whenahydratechinneywasclosed  
byhydratefilm，CraCkingaAd／orbreakingofhydrateat／ncarthetopsometimesallowed  
也e血imneytogrowmore（Fig．5）．   

j．2．用地乃伊血gカ〃乃〃ぬ乃q′如d和虎dわl花町  
Thepres飢IreCO皿ditionsfbreachtypeofhydratestruCtureareSumJnari2：edinTable  

l．Thefbrnationofahydrate chinneywasobservedhpresst汀e CenAwhenthe  
PreSSureinpres飢IreCellAwashigh．However，theimportantpointtonoticeisthatP2  
＝2．00andl．50MPadidnotformahydratechimneywhenthegasAowtopressurecell  
Awasdecreased．Soitappearsthattwofactors，fasthydrategrowthandstrengthof  
hydrateatthenozzle，areVeryimportantfbrhydratechinneyfbrmation．  
The訊lperCOOling，thati＄thede鮎iencyoftheequi拡briumte叩ratureunderthe  
exper皿entalpres＄ure，andtheoverpresstlre，thatisthedeficiencyoftheequilibrium  
PreSSureunderagiventemperature，Canbecalcdated丘omPl，Tlandphaseeqdibriun  
datafbrCO之hydrate（Larson，1955）．Thes甲rCOOlingandoverpressurecomspond  
tothedrivingfbrceofhydrategrowth．Allexper皿entaldatawerepk）ttedinFig．6to   



剖a tlo m al ln s tlt u t e o f P o】ar R e s e a r c h  

47  Fげmadomex匹dmemtsorCq2by血8tO¢鮎廿m¢y  

7加血J．助助血岬Ⅷ肌用血射れ胱恒聯両側血鹿血血椚   

血ti8蛙onpr脚∫ちPlinpr醸∬eCdlA  
RunN0． 駄脚∫ちPlhpr醐∫¢Cdlp  

0lohl∬  Cnp  Cbimn野  馳山00n  

側
4
2
9
4
6
9
糾
 
 

2
 
’
－
つ
▲
 
’
－
つ
一
 
 

1．49  

7
 0
8
 

1
 
1
 
2
 
1
 
2
 
 

1
 
2
 
つ
J
 
A
T
 
5
 
 
 

一
一
一
一
一
 
 

一
朗
㊥
↑
5
 
 
 
 
1
 
1
 
1
 
 

朋
噌
椚
 
 

つ
“
つ
一
’
－
 
 

氾
紳
8
2
肥
祁
卵
9
8
 
 

1
 
1
 
1
 
2
 
1
 
’
－
1
 
 

′
0
 
7
 
月
じ
 
人
ツ
 
O
 
l
 
つ
一
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
l
 
l
 
l
 
 

房
“
二
川
耶
⊥
り
即
椚
 
 

l
 
l
 
l
 
l
 
l
 
l
 
l
 
 

一
一
．
1
．
J
一
．
2
 
 
 
 
 
2
 
つ
一
 
 
 
2
 
 

3
 
0
 
1
 
’
ヽ
－
 
 

7
 
 
 

‘
V
 
’
一
′
0
 
’
一
 
〇
q
 
9
 
8
 
0
7
 
 
 

1
 
1
 
1
 
 
1
 
 

t
J
 
4
 
5
 
′
0
 
1
 
1
 
 
1
 
1
 
 

1
 
7
8
9
 
 

1
 
1
 
1
 
 
1
 
 

一
一
一
一
 
 

0Ⅵ呵岬関川ーち SⅦ匹叫，  

肌  Ⅹ  

0，00  0．20  0．ヰ0  0．10  0．80  1劇  1．20  1．ヰ0  1，80  

触Ⅶ托Di蝕m例ち他   

職．丘（触感叩ハ■血脚ず如血ね伽dめ乱 肋Ⅳd獅〝α血dm肋押す脚∫明ト  

め用庇。柚酎血＝d血明川血血柁血恒卿助机一御伽gγα血郎九なぁ伊仙推∫  

∬画乃d如gね叩ⅦJ柁関山が鳥妙α血Ⅰ花仇㈲肋ノ．  

①－⑬ご如〝槻椚あ耽 く二二ニー」勧飢摘州のⅦ周作毎わめ舶律舶冊呵   



劇a tlo n al IれS tlt u t e o f P（〉1ar R e古色a r c h  

48  S．Kabβk8efdJ．  

examinetherelationshipbetweens叩erCOOlingandoverpressure布resstm－di鮎renceand  
the ap匹aranCeOfeachtype ofhydmte struCture．SuperC（氾1ing ofmorethan3K  
（overpressureofO．60MPa）isrequimdfbrhydratechimneyfbrnation．Thepressure  
di鮎rence（P2－Pl）determinesthe且ow rateofCO2gaSfromtheno匹1e．Whenthe  
PreSSurediBrenceislower，bubblescanstayontheno2：2：1elongerandざtrOngerhydrate  
丘1mis払medattknozzk．However，aⅡ川dlbwerp托S甜托亜托rence（muchbwer  
gassupplyrate）mayleadtobalkx瓜fo皿ationandclosingofthehydratechimney．  

Oneoftheimprtant血dingsisthathydratechimJleyfornationislimitedtoahigher  
PreSSureandlowergassupdyrateconditioJl．Oasbubblesemittedffomthenozzlew山  
SimplyascendintothewaterabovewhensuperCOOlingislowerthan3K（overpressure  
isO．60MPa）．Them再orityofgasinbubblescannotbefixedingashydrateevenduring  
C血皿eyfbrmation．  

Sincethispaperrcportsonexperlmentalresultsfbrhydratechinneyfornation  
PureWaterthee鮎ctoftheNaCIsol血iononchimneygrowthatthesea且00rShouldbc  
COnddered．Theequilibriunpres飢IreOfCO2hydratefbrmedin4．6wt％NaCIsolution  
increases by dbotlt O．4MPa comparedwith pure water（Vhhakisetat．，1972）．A  
Similardcgreeofpressuredi鮎rencec8nbeexrN：Ctedfbrchimneyfbrmationatthesea  
且00r．  

nese血dings sl噂geSt也attbe o触rvationofc地皿ey或ru¢仙∫e may叫plya  
COntimousand rehtivelyconstantsupplyofCO2emittedfromthe sea且00rinthe  
Mid－Ok血awaTm喝h．  

4．ConclⅦSions  

Experlmentalinvestigationswereconductedtounderstandthehydratechimney  
fornationprocess．TheCO2hydratechimneystnlCtureWaSSllCCeSSfullyfbrnedin  
Pre＄ureCen．Higherpres飢Ireenhancesthehydratecrystalgrowthrate，W鮎1ealower  
pres和redi鮎托nOeCau馳Salowergass叫甲吋rateandensⅦreStbegmw也ofs仕Ong  
hydrate contact atthe nozzle．More than3K ofsupercooling（0．60MPaofover－  
PreSSure）isrequiredforCO2gaShydratefbrnationwithinthelimitofthepresentsttldy  
cond摘ons．  
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