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Equilibrium Conditions for Methane Hydrate in the Presence of
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Abstract: Influence of low dosage hydrate inhibitors on gas hydrate formation condition is important for development and
chooses of combined hydrate inhibitors. By using polyvinylpyrrolidone aqueous solutions, experimental data on the
equilibrium conditions for methane hydrate with different concentrations within the temperature range from 282.6 K to
290.3 K were reported in this work. Measurements were made using an isochoric pressure-search method. The results show
polyvinylpyrrolidone with the concentration from 0.5wt% to 15wt% has a little promoting effect on methane hydrate
formation equilibrium conditions, and it is thought that addition of the polymer of polyvinylpyrrolidone can decrease the
solution activity, but can increase the solubility of methane in this polymer solution.
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Fig. 1 Schematic diagram of the experimental apparatus
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Table 1 Experimental data for methane hydrate equilibrium
conditions in pure water

T (K) P (MPa)

283.3 7.31

285.4 9.23

287.2 11.28

288.7 13.55

290.3 16.32
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Fig. 2 Comparison of methane hydrate equilibrium conditions
in pure water

282 284

VUSSR g B rfie, e Al BT o
ARGRXE P-T HZLARZI . XA A F T H b
IKE YA R A TS, T RAAS 2 ) 0 i B
HUE YR/ N

P = 0.0025T° — 2.0506T> + 565.7T — 52046 (1)

X PRIETT, MPa; T MR, K.

2 U PVP X HYGE K S IR A S
Table 2 Experimental equilibrium data for methane hydrate in the presence of PVP
wt% T (K) Exp. P (MPa) Calc. P (MPa) AP (MPa)
283.8 7.47 7.71 0.24
285.5 9.11 9.31 0.20
0.5 287.7 11.68 12.01 0.22
288.8 13.38 13.68 0.30
289.8 15.08 15.39 0.31
284.3 7.68 8.14 0.46
286.2 9.56 10.09 0.53
287.8 11.41 12.15 0.74
>0 288.3 12.21 12.89 0.68
288.6 12.68 13.36 0.68
290.1 15.19 15.95 0.76
282.6 6.38 6.80 0.42
284.1 7.61 7.97 0.36
15.0 285.7 9.22 9.52 0.30
287.5 11.27 11.73 0.46
289.4 14.16 14.68 0.52
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Fig. 3 Experimental equilibrium data of methane hydrate in
the presence of PVP
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Fig. 4 Influence of PVP with different concentrations on
methane hydrate equilibrium data

3 45 1w

ASCR R R38R, WEIF500r 7 A
VAR T (AP 241 ) 750) 2R 2 ML s o T T R B K 540
TE AR A S5 R s2 i . I T 282.6 K ~ 290.3 K
Fl 6.38 MPa ~ 16.32 MPa i1 [l N4l K FIA [a] i B
PVP IR GRS AT 45 0F . 28 (1 SEga
FRGETE SlK AR 22 BEAH PRI 55 IR 8 3 Rl A 7 S



32 BoBe WWOHE R LIRS
WRER I3, MR T AR S0 2 A SE IR0 A Al (KHI/CI)  products[C]//Proceedings ~ of the Fifth
o o o — b ks He . International Conference on Gas Hydrates, June 12-16,
o 0.5Wt% . Swt%AFl 15wt% =Fhifk EE PVP X Hl k¢ 2005. Trondheim, Norway, 2005: 1249-1257.
AREIGREHATIGAEA, R, 5 [10] VON IOSHI'S, GRASSO G A, LAFOND P G et al
oy s N . xperimental flowloop investigations of gas hydrate
Bk RS T A REAR T TG B, (B2 formation in high water cut systems[J]. Chemical
TR BT IRIE | T HERME R 5% cngincering science, 2013, 97: 198-209. DO 10,1016
3G AT 7K A T A ST 2% A2 P 52 e 2 AH S 7Y [11] LEE J D, ENGLEZOS P. Enhancement of the
T H LR S 20 PVP YR EE 6 i i i AR S 4% performance of ~gas hydrate' kinetic. inh.ibitors' with
s polyethylene oxide[J]. Chemical engineering science,
RN 2005, 60(19): 5323-5330. DOTI: 10.1016/j.ces.2005.05.023.
[12] LEEJ D, WU H J, ENGLEZOS P. Cationic starches as
. gas hydrate kinetic inhibitors[J]. Chemical engineering
S Hk science, 2007, 62(23): 6548-6555. DOIL: 10.1016/j.ces.
[1] SLOAN E D. Clathrate hydrate of nature gases[M]. 2nd 2007.07.041.
ed. New York: Marcel Dekker Inc, 1998: 27-49. [13] HEIDARYAN E, SALARABADI A, MOGHADASI J, et
[2] HAMMERSCHMIDT E G. Formation of gas hydrates in al. A new high performance gas hydrate inhibitor[J].
natural gas transmission Lines[J]. Industrial & Journal of natural gas chemistry, 2010, 19(3): 323-326.
engineering chemistry, 1934, 26(8): 851-855. DOI: DOL: 10.1016/51003-9953(09)60060-8.
10.1021/ie50296a010. [14]  EMEW, PREMH, @3, 55 ROMMMIEH T H 5K
(3] DHOLABHAIP D, ENGLEZOS P. KALOGERAKIS N, VSR TI ). DL, 2012,
et al. Equilibrium ‘conditions for methane hycrate 28(7): 1683-1690. DOL 10.3866/PKU.WHXB201204113.
formation in aqueous mixed electrolyte solutions[J]. The L
L . . . - [15] VERMA V K. Gas hydrates from liquid hydrocarbon-
Canadian journal of chemical engineering, 1991, 69(3): water systems[D]. Michigan: University of Michigan
800-805. DOI: 10.1002/cjce.5450690324. Lo7a ' gan: Y gam.
[4] MAEKAWA T. Equilibrium conditions for clathrate [16] NAKAMURA T, MAKINO T, SUGAHARA T, et al.
hydrates formed from methane and aqueous propanol Stability boundaries of gas hydrates helped by
solutions[J]. Fluid phase equilibria, 2008, 267(1): 1-5.
s methane--structure-H hydrates of methylcyclohexane and
DOI: 10.1016/j.fluid 2008.02.006. cis-1,2-dimethylcyclohexane[J]. Chemical engineering
[5] MOHAMMADI A H, KRAOUTI I, RICHON D. - : ' :
. science, 2003, 58(2): 269-273. DOIL 10.1016/S0009-
Methane hydrate phase equilibrium in the presence of 2509(02)00518-3
NaBr, KBr, CaBr, K,COs;, and MgCl, aqueous 1 \iopaAMMADI A H, ANDERSON R, TOHIDI B
solutions: Experimental measurements and predictions of . : e :
. e .. . . Carbon monoxide clathrate hydrates: Equilibrium data
dissociation conditions[J]. The journal of chemical . . .
th g s, 2009. 41(6): 779-782. 10.1016/iict and thermodynamic modeling[J]. AIChE journal, 2005,
20e(;‘r9n(c))1 }(/)r(l)zmlcs, , 41(6): -782. 10. JJct. 51(10): 2825-2833. DOI: 10.1002/aic.10526.
-U1.UYS. % AT A Y A= e I U
[6] KELLAND M A. History of the development of low [18] XlJﬁf’ SHE, %ﬂm‘ji’ %i‘rg%'%jj KAV
dosage hydrate inhibitors[J]. Energy & fuel, 2006, 20(3): FIREI R 2 [T]. WPEHb SRR, 2011, 27(5): 16-23.
825-847. DOL 10.1021/ef050427x. [19] FLSE, HEME, TAIL. S0 PSRKBUSHNE 5 T
[7] KELLAND M A, REYES F T, TROVIK K W. VI B, FHEERLS I FE2E, 2005, 22(11):
Tris(dialkylamino)cyclopropenium chlorides: ) .
Tetrahydrofuran hydrate crystal growth inhibition and 1001-1004. DOI: 10.3969/].i1ssn.1001-4160.2005.11.012.
synergism with polyvinylcaprolactam as gas hydrate
kinetic inhibitor[J]. Chemical engineering science, 2013, EEGN

93:423-428. DOI: 10.1016/j.ces.2013.02.033.
DARABOINA N, PACHITSAS S, VON SOLMS N.
Experimental validation of kinetic inhibitor strength on
natural gas hydrate nucleation[J]. Fuel, 2015, 139:
554-560. DOI: 10.1016/j.fuel.2014.09.013.

CLARK L W, ANDERSON J. Development of effective
combined kinetic hydrate inhibitor/corrosion inhibitor

BESE (1977-) , %, fd, BIBEH, FEHTRIRAUK
BRI o

REF (1970-) , F, Wit #F5G, WA, FEMN
FRIRUKEUIIIE



