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SUMMARY

Methane hydrate is formed by physical binding between water molecule
and gas such as methane, ethane, propane, or carbon dioxide, etc., which is
captured in the cavities of water molecule under the specific temperature and
pressure. More than 99% of naturally produced methane hydrate consists of
methane, and is widely dispersed in the continental slope and continental
Shelf of the Pacific and the Atlantic, the Antarctica etc. The reserve of fossil
fuel is 500 bhillion carbon ton and the reserve of methane is 360 million
carbon ton. The reserve of gas hydrate is more than 1 trillion carbon ton,
which is twice the fossil fuel. Therefore, natural gas hydrate as a kind of
gas hydrate is expected to replace fossil fuel as new energy source of 21st

century.

Also 1 m® hydrate of pure methane can be decomposed to the maximum
of 216 m’ methane at standard condition. If these characteristics of hydrate
are reversely utilized, natural gas is fixed into water in the form of hydrate
solid. Therefore, the hydrate is considered to be a great way to transport and
store natural gas in large quantity. Especially the transportation cost is

known to be 18~25% less than the liquefied transportation.

However, when natural gas hydrate is artificially formed, its reaction time
may be too long and the gas consumption in water becomes relatively low,
because the reaction rate between water and gas is low. Therefore, for the
practical purpose in the application, the present investigation focuses on the
rapid production of hydrates and increases gas consumption by adding

MWCNT and NaCl into pure water.
The results show that the equilibrium pressure in seawater is more higher

than that in pure water, and methane hydrate could be formed rapidly during

pressurization if the subcooling is maintained at 9K or above in seawater and

Vi



8K or above in pure water, respectively. Also, amount of consumed gas
volume in pure water is more higher that in seawater at the same
experimental conditions. Therefore, it is found that NaCl acts as a inhibitor.
Also, when the multiwall carbon nanotubes of 0.004 wt% was added to pure
water, the amount of consumed gas was about 3009 higher than that in pure
water and the hydrate formation time decreased at the low subcooling

temperature.
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Fig. 1. Methane hydrate.

@ jeju



D FxE1

sto|=do]E F+% I+ Mcmullen and Jeffrey[McMullen, R. K. and Jeffery
G. A, 196519 23 oFal SApo]=e] X-ray 3 HE ol FAx v} 3}
ol=dolE Tx 19 7|8 AL 1203nme] AU 7HAH, 6712 149 A (5699}
2709l 129 A(GY) 2 AU 2439 Zoli= 0.2766nmell A 0.2844dp 23}
o, A37tE 1055°01 4] 124.3°A 0l 2 AFH A Zhel| Al st 37°9] HALE 7HA
3 #ETHSloan, E. D., 1998]. g¥ta o2 7tAa¥2 27 o] 0.58nmy)whel v &

=

oz, da, &slps, o|ASEA Fo] & o SH3th

A

*(\ y } ;\\‘ [ 7Ny ) A

Nl o e
2(5"%) 6(576)

Fig. 2. Crystalline lattice of natural gas hydrate, structure 1.
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C

Fig. 3. Crystalline lattice of natural gas hydrate, structure II.
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Fig. 4. Crystalline lattice of natural gas hydrate, structure H.
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Table. 1 Physical properties of hydrate and ice[Sloan, E. D., 1998].

Structure Structure
Property Ice
I II
Number of H2O molecules in the unit cell 4 46 136
a=0.452
Latice parameters at 273K(nm) 1.2 1.73
¢=0.736

Dielectric constant at 273K 94 =568 =568
H2O molecule reorientation time at 273K

21 =10 =10
(usec)
H:O diffusion jump time at 273K(usec) 2.7 >200 >200
Isothermal Young’'s modulus at

9.5 =84 =82
268K (105Pa)
Speed long sound at 273K(km/sec) 3.8 33 36
Poisson’s ratio 0.33 =0.33 =(.33
Bulk modulus at 272K 3.8 5.6 NA
Shear modulus at 272K 3.9 2.4 NA
Velocity ratio(lcomp/Shear) at 273K 1.88 1.95 NA
Bulk density(g/m®) 0.917 0.91 0.94
Adiabatic bulk compressibility at

12 =14 =14
273K (10-11Pa)
Thermal conductivity at 263K(W/m - K) 2.23 0.49+0.02 0.51+0.02
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Fig. 5. Carbon NanoTubes.

(allotrope)

1ol T4

I
29 A Co)e Aoz

1985]7

198514 R.E. Smalley[R.E. Smalley et al.,

-

2

e A 60717k

o] 3Fuel Z e di(fullerene :

17] S]AHNEC) F-AA7+24-¢] Tijima

1991d A =

kel
Ty

°f

ol

—
o

alo

o
T

=0

H

A7t A7)

e
-

3}l Nature

¥l

al
=

371 ¢

o wha QA

B!

ol

ol A

< 25 ~ 30me°]

el A aL, 27
e Ao} SpP

t}

=
L

Figure 6° e}

w o
=

Collection @ jeju



U=/ H(Single Wall

[}

A= FH (Rope Carbon NanoTubes)®

1o (Arm—chair), XA} 1(Zig-zag) 22 Y&E

[}

*

3

=
oF
T

t}

Alo] FzolH =Ae A

o}

(Multi-Walled Carbon NanoTubes, MWCNT) 12| 3L

Carbon NanoTubes, SWCNT), F 7}#] o]

A= A P2

oW & R
N g BowF
2 o ﬁ Tl
o = ~ K %
—_
3 Pw o4 oA
= oo W o4 )
c o < N
=] mo O%
= . T W ogl 3 o
% =TT
< o = T o
= S
o g Mmoo, W
= Z N o % ooy
° = T =
s .. = YT E
- ~ X 90
= A S R T
[] - G =
3 s ° o oy
=2 &} ‘m; EW .m 1_|_|’ \ml
= m BoH 8 me _
e
% a o og X =
- -3 : ~ H# & N =
AY 2 © T =
3 BAW T 8 T f N g -
2 @ ﬁ_ﬁﬂva B R r T4 X o T
2 g .@W’.x‘ﬂm zZ | 4 i um N
SRoa (O 2 EEE R
5] g & %.b” 2 Sowew o, 3
[ o AP ¥ Al I 1i rj Lf ,i L
= SRS € 4 L~ ~
B AJAR | 2 ~ oW
< - - = ﬁ_ﬂ A H;
RER S G4 TR
| — du Mo H
N T

Collection @ jeju



o]l A ol Tzl BE B4 B4 Pl he A7l wol AT Yo
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Table 2. Property of Carbon Nanotubes.

54 SWCNT MWCNT
274 (nm) 12 ~A3 10 ~ 25
2 o] (ym) 10 ~ 50 10 ~ 50
&9 (Gpa) ~45 <50
214 S E(TP) 5.5 04 ~ 37
U (g/ce) 1.33 ~ 1.40 1.3 ~ 26
A (ohm-cm) 10x10* 51x10° ~ 586
AFEEA/m) ~ 10° -
A AL
turn-on voltage(V/um) ' S
4 AEE&E(W/m-K) Max. 6,000 Max. 3,000
10
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Fig. 8. Schematic diagram of the measurement experimental apparatus of

amount of consumed gas.
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Fig. 9. The measurement experimental apparatus of hydrate phase equilibrium

and induction time.
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Fig. 10. Schematic diagram of the experimental apparatus of hydrate phase

equilibrium and induction time.
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Fig. 11. Photograph of regulator.
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2) &7 $+=7](Air Compressor)
7] 4=7](3)%= YOUNG JIN Co.9] 11kw(15HP)H 2 ¢4=%71E AM&3)
glom], RPM 1765, Volt 380, Hz 800]t}. 7}AB 28 (4)e] oo U=

iy
=
b

ol=H(13)8F Ad e flgte] PUTG)HE A 605 7] FHE ARSI

Fig. 12. Photograph of air compressor.

3) 7}~ FB-2~¥(Gas booster)
7bs B4 HASKELAS] 2 AG-168 AAoH, F
15Pa, &7k~ #H4:9t9 35bar, &5 7k~ Hdi$h® 186bar, E&7k~ Holgh
155bar, H -5 %= 10.3bar, HNEZET 480n/min®| tf. Inletell = 7k~ ®=(1)
9} 1/16 " sus tube fittingS 31313, Outletel]l:= HEWH(6G)9F 1/87 sus tube
fittingS 3FSATE Air inletolli= & 7141 E §18te] oo FHEES HA 5T

Fig. 13. Photograph of gas booster.
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4) 72~ AU (Gas cylinder)
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o, §7FE 290ce, Hul 14bar7bA A9 F A AZHA}. dAdeles &5, ¢
HAA} UEWEH 29S8 AYE(7)E 1/8”7 sus tube fitting-S 3} 3L, T &=
Al H (11)9} obd =1 ¢ A0 X(12)& 1/8 " sus tube fitting 3}51Th.

Fig. 14. Photograph of gas cylinder.
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Fig. 15. Photograph of Solenoid valve.

Fig. 16. Photograph of Indicator.

6) WH (Valve)

B oAFE 9ele] AgAA o AAF WHIE Swagelok Co.2] A A
@] YE wHEG) 2d SS-0ORSZ2 1/87 Cv 0.09 Orifice 0.080in. Working
Pressure 206bar 1/8 “sus tube fitting, ¥-27]1(20)] 449 F 79 UE wWH
(6) =2 SS-1RS4 1/4” Cv 0.37 Orifice 0.172in. Working Pressure 206bar 1/
47 sus tube fitting, Fd-S 93l A e Sty w-8-7](20)0] A XA Hel =
WMH (1) 22 SS-4R3A 1/47 (Spring kit =2 177-R3A-K1-D) Set Pressure
Range 103bar~155bar 1/4 7 sus tube fitting, + %% A o)d}7] 9&te] ¥r&7] A
tho] Axd F QY wHEH WHAS) 2P SS-SS2 1/87  Orifice 0.032in.
Working Pressure 137bar 1/8 ” sus tube fitting, ¥F3-7](20)2 E9o}7}= 7}~ <

HS Aoldtr] Y3k tloloj=ze WH(16) ®9 6LVV-DPHFR4-P-C 1/4” Cv
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0.20 Orifice 0.16in. Working Pressure Operating Vacuum to 210bar Pneumatic
Actuator Actuation pressure 4.978.2bar 1/4” female VCR fitting, ¥F27](20)
2 Szt ke ARuAlE 98 AAE Az WH(I8) =d SS-2C-1 1/87
Working Pressure 206bar Cracking pressure 0.0770.28bar 1/8 7 sus tube fitting,

P27 =9 JdFHAE & AAD A= BEIE STk

Fig. 17. Photograph of Diaphragm wvalve.

7) A 25 Al A (Pressure sensor and Temperature sensor)

2 ARolME T 2718 AHAAME®) 4714 EAAQ), 1719 ot =

I FEA12)7F AFEE AT, kAL (8)F Sensys Sensor System Technology
Co.9] 249 PMCDO350KACAE AF&3}%o™, Accuracy +0.8%FS =3 4Wire,
175V/DC 3¢ DC24V Range 07350Kg/em® $JHPORT PT3/8 1/8” sus tube
fittingol vk, A= (10)9F vEE71(20)el 2bzk A=A skl o b#s dAzte =z 8
Jd g F RAEE 7] gkl duACIHU4)e] A AT LEAA(9E
KIMO COREA Co.9] Thermocouple T type 1.6TE A& ow, A0 (10)
ol 177 k7121 W5 A - skael] 27, ez WiF-ell 17
oh olgRIr <HAN2)E SEH KWANG Co.dl HEAE Ab&3tslow
110 A5

(ld
N
N,
N
N,

i

[
ol

ol

2

Pressure Range 07250Kgy/cm® 1/8 7 sus tube fitting©] 3l 2
=
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8) &= (Chiller)
+EE Aoyl 98t AAE F&5xA7)+ JEIO TECHY =d
RW-3025GE AF&£3}% 2™, Volume Capacity 29L731L Temperature Range -2
5C7150C Flow Rate 281/mine|t}. ¢z A4S 3FA 3, 59 IFE A3

detel Az wus WA AT

Fig. 18. Photograph of chiller.

9) =¥ ¥ 32 (Rotary pump)
ZHE #F3Z(19)= Woosung vaccum Co.o] B2 TRP-12& A}-&31%

ji’
SEE 200¢/min, H3l 94¥ 5x10-4 Torrely 29 =L 1.1 litero|th

1.

i
o,

F& 712008 AFITAE A ASHY] 9k Whe-r1@20)e] A" WE WHEG)

1. O

jud

e

1x
b

oz HAE F9rh

Fig. 19. Photograph of rotary pump.
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10) ®+H-87](Reactor)

oA ARgE WE71(200= & o] 350mlelal, AF F-A3 gk

g

RS

2 F AESE 2HdEls FE(SUSSIE)AE-E AH83ke] #H 5L 200bar7kA] €]
of 4
o] F9EE Thag ZR5e ARE WX

o= A=z WH(19E 1/8 " sus tube fitting A X3kt ¥F&7](20)o &= 3+ 7f 9

)

2 5 A AlE Hdvt 23 wkg ) 7F argbel A 2Hs sk 3le a1 st
A~

F71 el whe-71(20)0] A2 E A

Ol

K

FHAA®)} F MY EAMAMDE AAH L, ke gt ez dr
(11)E 1/47 sus tube fitting2 A 3tH o0, 759 F44 7712 AAS 9
3 Argkel] Y& WH(G) 1/47 sus tube fitting, A3 o] By FH ¥H&7](20) <o

e AAs Y] 3 shee] YE WH(6) 1/47 sus tube fitting A& 33T}

Fig. 21. The measurement reactor of hydrate phase equilibrium and induction

time.
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11) 2 ¥F7](Magnetic stirrer)
3E7](21)F DAIHAN Scientific Co.o] == MS-20DE AFE3}% o.M,
Stirring Capacity(H-0) Max 20L Speed Range(rpm) 8071500 Speed Control
Resolution(rpm) 501t} ®¥H-&-71(20) -9 &xj&H3 HH7tAE wykA]l7]7] ¢
glho] ®EE-71(20) ofef ol A A 3l

Fig. 22. Photograph of magnetic stirrer.

12) dol8e 24 % #A3FE(Datalogger and Computer)

ATl A dolH e g dHeoly 27 (22)= 6¢ TUAE DMM&
st 3% Welzd ez ofFolx i, WHEd GPIBY RS-232¢1H #Hj o ~
A, =55 32388 F d= 2079 A Ad7E ST F U= 2749 o
of Aldel wAdHo] glom 9 Huo 250Ald ~Aldo]l 7hedk Agilent
Technologies®] 34970A A Z7]E AR&skATE Holy ZA(22)= 4719 SEA1A4
Do AgAIH4)} A4S 3to] 2mef St dHolHE WHS 4 JRE I
on RE HoHEL LabviewZ 21U o] &ate] HFE(23)0]A AAto

9},

dolHE S4s8tal ZYHE 5 Aol 7}

off
o
ol
J
e
N
_0|L

20

Collection @ jeju



Fig. 23. SEM microphoto of Carbon nanotubes.

Table 3. Property of MWCNT

Properties CM-95 CM-100
Diameter(nm) 10715 10715
Length (gm) 10720 17200
Purity (wt.%) 9% 9%
Density (g/cm”) 18 18
Thermal conductivity(W/m-K) Max. 3000 Max. 3000

e

AFo A AFEE EAuUxFEHIE CVD(Chemical vapor deposition)® O 2

AxY AowA &% 5% v Fxz @ SgarynFEMWCNT)oH 3

of ule} Wit} Figure 23%
(SEM)-S o]€3Fo] 200,0008], 40,0008] tjsle] g3k Alzlolt), ARRlo|A] K
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Figure 24+ &3 &4 A& HGAQ Young Jin Co. AFY 500watt+= 2] =
L3 Bab7)el VC-5050]t}. 20kHzE o9& W Adta, A7 13mm stainless
ProbeE #&alo] AREEATE. 23 Crystald}t 28 240 bde =3 A
7195 st Ar|9E wew FS 3= Aol e o EAS
piezoelectricity (4 A) o]g} &}ar, o] piezoelectricity(¥AA) EAS 7HA+=
crystal¥} 22 EZo| =% 20,000 Hel A7 4 spark= 713 crystal & 23
20,000 Hel AFES 34 HH o] 2-FLS stainless probe & o] &3] TE1]7]
A e A7) 20KHz &+ 3 (ultrasonic) 7t 248 gk o

Real time display . . .

0 10 20 30 40850 60480 80 90 100%

0 10 20 30 40 S0 &0 70 B0 ¢ 1O0

0 10 20 30 40 S0 &0 70 80 90 100%

VC 505 -VC 750

0 10 20 30 40 50 &0 70 B0 90 100%

Fig. 24. Photograph of ultrasonic dispersion apparatus.
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VC-5058 o]&3le] 2&3wE oA Hoz wAsH Z2Eae 7; wEe u
g} &Rl spEo] AV stute spEol A dow yrkd urke W
© 23 positive pressure’} 7|3 1 vlE FH O 2= negative pressure’} 2
Y8k}, negative pressure 7F WA F-9]o = bubble HEIE #H FuRE 79
v M F ZHmicrocavity)o] itd oz AAFHEY. o] vA TS sHH oz §33)
of A7|7F AAZ|E sty vlE Holo] el s B YE 253 M52 positive
pressure ° 93 ZAZ3sA 4 (implosion) FA @k v A E-7ko] AAEO] i}

=
g9 weli= mel A 5%, A8Eel o @yl od Zd FAn
(shockwave)7l MABZ} oeld FAMsL Gohe] e PrdA Fuw At
wgskE o) FAse] ofd ofuAE Al 100,000atme] o]F AT
sH7 Ak o] FA3e] AUAE o]t BAURRLE 5o o T A

2k,
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gL FEANE ol &3le] 27415KE €55 BHFal ¥h&7] A, 3o 2%

27415KZ 5233 S o]F vkg7|(21)9 UE WHEBE)E do] ZH e HZ
(19)8 o]g3te] wWke7](20) WHeo FF7IAE Folha Ay AolE(14)¢}
3}

Labview2 2 18-S &3] 458 3k & UYs WHG)E #a, =ZEE gz

A BiRgEe 443 F ZtAadAa)e BB E 4, g

deolH2)F e, Adr dde Ye WH6)e i, 7IAF2HAWE A
|3te] Ade a0 k=g FAd A-n00)e] gl F&8 AU r &
7retsl e, w1200 7hAE FUs] fdke] A ACIH14)E FEAA &
dmol= WMHA3)E dal, F7|HeR volojZg WH16)E HEAZT

1H8-7](20)9) o]l dEskdor TEdtH AR aE(4)e F5E FH A
713l s MEE)E A2 §F tada)e dEdelsE vk o w g
o)yl F9d Aerlas Sl FalHr] wddd dEAdsrt dojuk=d
AV Al (14)e] A ¢ whe Heo] A3z Edeol= WHA3) 253}
of d¥UYo] FAHER Aoz WErlAE FAUIL

etk G fo] Whgshe] Fol=eolEVF AAdd w7t Yt H )
o] =eo]EVF Aol HW Fpol=lo]EV Sie] A=

A7, sl ol EVE &3 AT § 220D E o183t AT 01K

Figure 25914 slol=olE AAAA AEL% AT, HIUHE D(Peq)
3o %2 948 APapE 7HIFAM, 4894 AP FHLE C( Teg R
s

O 22 25 AlTep)E WHEoiFH 2 AAo] 7h&sty =1 oy

rto

= A(Texp)
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9’]‘ C(Tequ)‘q ;‘{]"% jl]']/gE(SubCOOhHg, ATsubc)Fq‘,]vl Sl
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delH(2)E ez Ay dee] s BHE)S i, 7TAFAHWE A
&3ke] Ad A0l 7t=E FAg A-E00)e] $Hel FE8] AUer F
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0yl FHd AerlAas Sael FaHr] wEd dEAdsrt deju=d
AP AlelH(14)e] Ao upE Helo] Az 2 Edieol= WHA3) 253}
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o] uwj <t=<lxHCompressibility factor) Z2] A4+ Pitzer's Correlation HH -
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4= (MPa)
3.10
4.30
5.25
6.30
7.45
8.65

No
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Table 4. The result of phase equilibrium in pure water.
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QO Thakore & Holder, 1987

[ Adisasmiti et al., 1991
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Temperature (K)

Fig. 26. Phase equilibrium in pure water.
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Table 5. The result of phase equilibrium in NaCl 3.5 wt%.

No 4= (MPa) L5 (K)
1 3.10 275.00
2 4.30 278.60
3 5.25 280.40
10
O O O Nacl 3.5wt% Solution
H BW N Pure Water , ¥
————— Thearetical
eoretica o ,.
8_ // //
— // f,
ﬂ“.’ /, //
= it P
i /
? 6 z M
3 /’ ’
73] 7 ,/
[7:] ,/ Ve
E 2 //
ﬂ. ” ./’
4 LS
2 L e L™ | L L R
273 2786 279 282 285 288
Temperature (K)
Fig. 27. Phase equilibrium in NaCl 3.5 wt2.
1.3 €Ay x=fFE
SALGERERE FRE EFs] AxF dufAs E3ugel ot g
FAY Aol EFE £ oz WA B %o oA M £ gy
2 UeheA H438 48S Faste] 1 A%E Figure 289 UERISIL
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0.1

O ATapn = 05K 0,001 Wit
e = A AT, = 05K 0,002 wi%
o & AT = 0.5K 0,003 wit%
é 0.08 — (| AT e = 05K 0.004 wi% .
7 A AT, = 05K 0.005 wt gOgQo
('D“ ] ® AT, = 05K 0,006 wi% - m oo
B 0O ooooo A
] <
= 0.06 DD<D><><>A AAA OO
2 | g . gooo o aa”® 00
O
g ”ooo°°3aAﬂAAsA‘9““‘
0.04 A A
2 33oxbﬂ!ﬂoooooo-00-"‘°o
O 1 AA
§ Ooooo
o 0024 ¢
E
< -]
0% T T T T T
4 8 12

Time(hr)

Fig. 28. Comparison of the amount of consumed gas in nano fluid.

Figure 2804 & 4 Sl5%°] HA3 Ado|A dayeifHe} T/HFFE 0.004
wt26e] v&= E3d YnfFAU g g9 258 ¢
0.005 wtoll AF-Bl& 238 7FaAR o] AojPds el

W 7hzme] HEdel spol=dolE gAo] uN WEHo] so]=iolE Fo] &

Bt RHel FR5E 0.004 wt26o
2 233 J=fgAES 150 FY3 3~8MPazkA IMPa©w$l = =3 =
A3 Z Table 60 e

ZAIE Figure 290 eI 189

A B g el BadmFRE W4T AS FREY 4PIuG o we
K
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Table 6. The result of phase equilibrium in nano fluid.

No = (MPa) L5 (K)
1 3.04 276.2
2 4.09 278.80
3 5.20 281.00
4 6.32 282.80
5 7.45 284.20
6 3.53 282.30
10
Phase Equilibrium
[ ] Pure Water
] (| 0.004vt% Mano Fluid Ch-95
8 -
w
o -
=
S 6-
n
N
Q -
|
o
4 -
2 T T T I T | T I T I T T T T T

272 274 276 278 280 282 284 286 288

Temperature(K)

Fig. 29. Phase equilibrium in nono fluid.
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Fig. 30. Photograph of Methane hydrate formation.
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Subcooling Temperature, AT, (K)
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Fig. 31. Methane hydrate formation time in pure water.
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Fig. 32. Methane hydrate formation time in NaCl 3.5 wt%.
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Fig. 33. Methane hydrate formation time in nano fluid.
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0.1

Fure Water
AT, .= 0.5k

—F— 4T, =97k

0.08

0.06

Amount of Consumed Gas{mol)

0 0.4 0.8 1.2 1.6 2
Time(hr)

Fig. 34. Amount of consumed gas in pure water at ATwn.=0.0K, 9.7K.

0.08

Fure Water RPM 300
] =Tk
—H— AT =9.7K

o

o

&
|

Amount of Consumed Gas(mol)

0 T T T T T
0 4 8 12
Time(hr)

Fig. 35. Amount of consumed gas in pure water at ATp.=0.5K, 9.7K
and 300 RPM.
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Figure 35% #FWYE 05K, 97KolA 12413F &t wwt7]& Abg3ke] 300
RPMe| A alntato] dfo] ZeolE A Herfaansds S48 dyolrt.
Hol A & & ko] wWty|E AEske] slo|EdelEE AN S A A"

PN
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2A1ZF Eet Ak, oL A3E nusto] Figure 369 Wbl gl A u
Eptubel o] wnb7|E ARESkRlE A METFARART] dE 05Kl A =

0.1
Fure Water
—@—— AT~ 05K RPM 200
——— AT,,=05<
—— AT,,.= 9 7K RPM 300
0.08 — B AT, -9

Amount of Consumed Gas(mol)
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Fig. 36. Comparison of the amount of consumed gas in pure water

at ATqunc=0.5K, 9.7K.
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3.2 NaCl 35 wt% a2 &

HEg-7]o] NaCl 35 wt% HaldgHs 150mlE FY3tar, JI= 05K}
97K A Hert~E HdAdHE7tA] FYdste] FRdEHJe 1 AAdE FHTY
W7t A2k v awske] Figure 37¢] Ve QLT

0.1
—@—— AT~ 0.5k Pure Water
- —&—— AT, .= 0.5k NaCl 3.5% Water
—— AT,,.= 9.7k Pure Water
0.08 — —H— 4T,,.= 8.7k NaCl 3.5% Water
0.06 —

Amount of Consumed Gas(mol)

i
] 0.4 0.8 1.2 1.6 2
Time(hr)

Fig. 37. Comparison of the amount of consumed gas at ATsun=0.5K, 9.7K.

Figure 37914 & 4 9l%o] NaCl 35 wt% #sjza-gHo| A wetr}Aai ek
2

BT Aes & 7 3o ole dol=dlolEg It

Fa9F vlaEle] Figure 38 YeRNSITE w7 S AFE31R] kS wel vlzbr)
A Z NaCl 35 wt% A A gHo| A Wetrtarirwgo] FHRFEHT} d3s & &
A om wWHkS ALEFHA] kS A spAae)

o) Wt aswae] Aolst A ey

#9 HAEgo] ¥l MEsls ARFY Aoln
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0.1

—@— 2T~ 05K Pure Water
| —E&—— AT, = 05K NaCl 3.5% Water
—— AT.,.= 97K Pure Water
0.08 - —— AT.,.= 9.7K NaCl 3.5% Water

Time(hr)

Fig. 38. Comparison of the amount of consumed gas at ATsun=0.0K, 9.7K
and 300 RPM.
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0.1
—— AT,,.= 0.5K Pure Water
- —— AT,,.= 0.5K Nano Fluid
—H— AT,,,.= 9.7K Pure \Water
0.08 - —— AT~ 97K Nano Fluid

0.06

Amount of Consumed Gas{mol)

0.4 0.8 1.2 1.6 2
Time(hr)

Fig. 39. Comparison of the amount of consumed gas at ATqun.=0.5K, 9.7K.
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Fig. 40. Comparison of the amount of consumed gas at ATgup.=0.0K, 3.4K
and 300 RPM.
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Fig. 41. Comparison of the amount of consumed gas in CM-95, CM-100.
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Fig. 42. Comparison of the amount of consumed gas in CM-95, CM-100 and
300 RPM.
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Fig. 43. Comparison of the amount of consumed gas for hydrate formaion.
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