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Abstract — In this study, we investigated the kinetics of gas hydrate formation in the presence of ionic liquid (IL).
Hydroxyethyl-methyl-morpholinium chloride (HEMM-CI) was chosen as a material for the promotion effect test. Phase
equilibrium curve for CH, hydrate with aqueous IL solution was obtained and its induction time and consumed amount
of CH, gas were also measured. Aqueous solutions containing 20~20,000 ppm of HEMM-CI was prepared and studied
at 70 bar and 274.15 K. To compare the measured results to those of the conventional promoter, sodium dodecyl sulfate
was also tested at the same condition. Result showed that the hydrate equilibrium curve was shifted toward higher pres-
sure and lower temperature region. In addition, the induction time on CH, hydrate formation in the presence of IL was
not shown. The amount of consumed CH, was increased with the whole range of tested concentration of IL and the
highest consumption of CH, happened at 1,000 ppm of HEMM-Cl. HEMM-CI induced and enhanced the CH, hydrate
formation with a small amount of addition. Obtained result is expected to be applied for the development of technolo-
gies such as gas storage and transport using gas hydrates.
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THreA sto] =0 Ee] F2E fAShes AP HE EKSelf-
preservation effect)2i= Z1o] WHAE o]F A8k 71 slo|=
o] EE o] &3 7kn0] A Fell §-88Hw= ATE AR
t}. Gudmundsson 5-2] A7+l = AR -162 °CE] S
& 257 Q7 EY| Wil R WEHT] 23] =2 v]go] 1A
SHAIRE Rhdo] A7} Slo| EHO|EE o] 83 M A7) A
-15°C AE8) H|w A & 27 7pAA o] Thssh HArkAad]
AT} 25%2] H]-887to] bt 2o ® B = QITHS-6].

7k ol =go|E A REg-e] v ket 5 slo]
CHO|EE off] 4% 3YoR S8sk=dl Qlo] dldder &
Az AFFTE 7k slo| Eglo| EL] A S8 =017] flElA o
2] 71 Al=7F QSlE], el Edlo|E A Al B wRlk llFA
Lb 72 el 5 EARIA =3 7RA0] A5 AlE o] wheE A

e freshs o] Qloh7-9). mEdh, Al Alel 2 34|
(promoteryE F7Fet] 7k slolEgo] EL] A E&S =ole A
T5 R et FxARRL aPE slo|Edlo]E Y 99 b
&= G XAl WSS FolFe T 34 7
ZHA7F QARE I Aol = SRR F 8] FXAR S g

AR St X718t A571E 2 ARl 9t
& SEoME AR £3E AR (1 wive) ol3ke] A2 5
EoAe FRaTE A e A oE FRIEITHII]. Polyvinyl-
pyrrolidone (PVP)E 0.1%2] 372 G2 H(sH)lA] =gk 3lo)
THO|E A Al AREE kA0 89S AT aYs g
QIEITH12]. ol AHE/IAIR! Sodium dodecyl sulfate (SDS)
= 90%2] HRZFA7E 3R A7ERel] thate] 3 g3E vEhY
= A0 2 ZRIFITH13]. Calcium hypochlorite g7}~ tfsk
o] Wgl7kA sho]=g|o| E o] AR A7 (induction time)yS TH5A|
7w 7} AR 3 (gas consumption)e S/ AT E &) E9ly
ATH14]. =012 AAEGA SDS, vlo]2 AAZ A dodecyl
polysaccharide glycoside (DPG)> 92% M|§F71~7} $-f-8l A7t~
of] thalo] slol=go|E AT 7kA ARERS: ol S04 o
S SIGIAIRE 2ol AlAE AR SDS7} H]ol AlAE ARl DPG
Hoh o] A s S HIITH15]. T3t Alkylpolyglucoside
(APQG), sodium dodecyl benzene sulfonate (SDBS), potassium oxalate
monohydrate (POM)= A A7}20f| tslod 4.5 MPa, 275.4 KoA] &}
o|=go|E A} 7iA ARES TV AR AIREE
A7 A3 VR o]-& 7] AME/dAlE vl s
FEo ARl FX EHE T 2= A0 R ERIFITH16]. 5ol Al
HE/JAIQ] SDS, linear alkyl benzene sulfonate (LABS), %] 7]
HEAJAIR]D cetyltrimethyl ammonium bromide (CTAB), H]o]& 7]
W& A ethoxylated nonylphenol (ENP)-> 300 ppm, 500 ppm,
1,000 ppme] F =04 wlgk slo|=go] EL] AR slje] A, 7k~
Arade] disl] AT 53] LABSE 1,000 ppmollA] A5
AlRto] ZA| EeEaL sl o E A%t 7k 2nee] S8t
545 BItH17]. sfel=wlolE A A X avE Hole Al
AN 'AARD Holeoll mE EAE AT §HAAR14]
o7} #E5E so|Edlo| EQ] o] Sreka AWAYREAIRE
o] o= a7t LERATE [18]. AEE A9} v]S=3t 325 2=
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AREo] Z7kRE S HTH19). 5531 1-ethyl-3-methylimidazolium
([Emim]")°ll bromide ([Br]"), nitrate ([NO]"), teterafluoroborate ([BF,]")
o} & T Fol&g dEsh o] A2 7} Al sl =dlo|E
AFEAIZR] #AS] s o] £ Z7 (Kinetics promotion) &
= vERAITH20). A S Alels g o2/ A€ slo] =
O|E FXuie I wFUFe] B OE Blow, I57)/14571¢]
Hjde]] o]k wio]d(micelle) B/ 2] A& dAleh= 2 o]24d o
Aol gt A= obx] F=53 Aol
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curveys Tl AA-FEAIEE vEk Sfo]Ego| L Vi AR
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Sk, e o ARl slo| =ao| E A FAIR] SDSE 2 &
5, el sk o AFsigict.
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Fig. 1. Chemical structures of HEMM-CI and SDS.
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Fig. 2. Schematic diagram of the apparatus.
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Fig. 3. Shift of equilibrium dissociation pressures for CH, hydrate
with 10 wt% of HEMM-CI addition, comparing to those for
pure water.
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Fig. 4. Consumed CH, gas during hydrate formation with various
HEMM-CI concentration at P=70 bar and T=274.15 K.
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& 13 9bA V)48t Fig, 5olM 9 v IR R Tl wet
HAE el 27} 7442 KBl HEMM-CI] B53 84 Z71 1
2o 70 FelE Bl SDSY RS HojFar 9lu). SDSY| 7
¢ g7k AREO] 500 ppmollA] HarE B3l FH HA} il o
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Fig. 5. Consumed CH, gas during hydrate formation with different
SDS concentration at P=70 bar and T=274.15 K.

Table 1. Measured data of induction time and consumed gas during
CH, hydrate formation with various HEMM-CI and SDS

concentration
Concentration Induction Time Consumed Gas
(ppm) (min) (mmole)
Pure water 1.78 235.95
20 6.0 659.0
50 0.5 389.5
100 1.6 308.0
200 22 349.3
HEMM-CI 500 12.9 569.6
1,000 0.5 849.7
5,000 6.5 823.0
10,000 1.0 785.6
20,000 7.4 765.9
20 7.9 344.7
50 3.6 142.0
100 2.0 710.9
200 335.0 745.0
SDS 500 270.0 1,244.1
1,000 110.0 1,146.7
5,000 9.25 782.8
10,000 15 659.1
1400
1200 ‘
—o—HEMM-CI
—&—-SDS
@ 1000
2
*f’ 800
:E, 600
g |
° 400
200
[}
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
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Fig. 6. Change of consumed CH, gas during hydrate formation over
the variation of added HEMM-CI and SDS concentration at
P=70 bar and T=274.15 K.
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Fig. 7. Change of induction time for CH, hydrate formation over the
variation of added HEMM-CI and SDS concentration at P=70
bar and T=274.15 K.
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(10,000 ppm) TF7HA] A A ] FE A AEFEAIRT]
SDSeI| H]3l| tieds] Zhe =2 o]ul2] AvE Hel Wb, SDSE |
Bl ARES HEMM-CES Heskal 1oy AA-F-EA|7to] uf
< AA s} Mtk wiEbA, HEMM-CLE: ©|-83 v|El slo] =7

O|E A4 & 7|dI$hA 20~50 ppm T2 g Fosio]

WPREAE AL YORAE 7k AR 4} 522 SDS
H7PEle) B B 38 o] vie A S Vo 5 Qi

T2 oA E83= Ao viEAs} L sHA
OJAIA] A7-ANE Eaf| YR S| =0 E EXA| = F2 e
LTS HAFALY 28 71A ARTS A7 slo] FFoln

AR 7k Sl Selol o] o]Fod 4 Q=S EolFE

AT Ao}, gk, AR geiR ot E21 AHEA
A (surfactant)ZA] Eof 71 o] v (micelley> B4, sfo|=d|o]
E g4 Aol A z2nbel] f23tes & TAE 2 272 I HA

SHES 3l g TS st AlHEIAIE A o)A, ol
Hlo] A2 Ud 4= Q1= SDS$} o] 2 g0l &

7} £ o2 dEA Qlok AEAA, 53] oA FRA=
u] S Ao} st 2 F Y EEF (Krafft point), LAIU] A=
(critical micelle concentration)2} 2> =22 £l F=E3|of Sict,
ARGIA| 0] 29] w7t QAW AE el EEste] n]do] A
7] AEEFE AR S50t wastAl Ha o] o] AdE A
FIolA wjAdle] AgeiA WAEHE R HAghe] sEEE A
A7} FlE]ojof k= 5Ad0] Sl Aot gt o] 24 A A
T 1 AYEEH ool ARESEA] o Bl =) Zopx oE
< A= A et TAZERS AU Adzel 9
Lo |l inEe] Ao S7ksPH oA Al 1 ol TRE
gepxint [22]. A/ AG] FXAES QAR AEE o3
oM SHEaHE 3T = lom R Am A EETt AeTS
Frelsitt. shAIRE, o] 24 AlE 2-8-5ko] ¥ HEMM-Cl S304l=
vlg- 22 FE 20 ppmelME GA FHaTE L3 5 glor
AFEAIRE B3k o) ZR> Z1o = vhepith gl S
Fal o] A7} omS mIAUFORE EXGHE FEshEA
Ojgt A7) 5 T o7 o]Folxof SIARE o] o
AAl Boll Fo} o]0 F EARITE AMLS A7Isd AlEy
AL XA k= v wAVSOR A5tk 2 sitha
= qltt. o]/ HAl= =l o} A Ball7} Hlof ol 5o
207 v A EAEH o]F ool B FAATE FXIEAY
& vek) Eo] Aol &3k #e B, 83l%
of JEkS 7)E Aolehs JEZ AAl= oAde 4 ok, 13t 37
H o] A Feef| tlste] 71 aREo] AR o7 TR
UUTHE AR 54 F5E9 oA Al sfol=dolE FAS
A Fast & #AE0) Mlds adH o R tes A vt
US-S Gu|sict. sfol =0 E A 27Tl B #AF S
E] 9 3jo|=go|E it T ulA] 28] ATE B3l ol
B = QL& Blolnt. o]elgh Wfg-2] A7 A XIe8atar glom o

off Tt Brk 2pAIEE A= F7H 02 9 thA] B Zlofu

2
-

4.4 E

ol MAlE 7k 7k slo] Ego] EL] A4 Al HLV 283
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(1) HEMM-CI 10 wt%= 37}l = wllek slo] =#o] E2] HLV 4
3 el S ST e =Zellx ] vigk slo|=glo]| =
HLV sfl2]|3417} nlwste] 9502 o]Fst 348 HojEt)

) =78 =olx 9] mgk sto|Eglo]E A& v wa R
HEMM-CI9] 37} oJal Wigbrho] ARaRS BE sollx &
H 95 Bk

@3) stel=dolE EXAZ 2 &%l SDS$H HEMM-CIE 20,
100, 200, 500, 1,000 ppm Al 71¢] FEelA Hlw3ISITE. SDSS] Mgk
7} 2R TR HEMM-Cl 2o} B w2 =& Houk AR mA7k
- AA & 9FE HEMM-CE 4G 5A1710] uh9- -8 =5

ol9] A Rl
7 Al

A9 20106 % A2 AP oR FmeldA)7 =gt
(KETEP)?] A ¢h&: who} =38gk 17 AL THNo. 2010201030001A).
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