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Phase Equilibria of Hydrates in Porous Media:

Effect of Pore size and Salinity
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Fig. 1 Pore-size distributions of silica
gels used in this study.
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Table 1. Physical properties of silica gel
samples
samole 6.0 nm 5.0m [ 30.0m | 10.0m
P SG SG SG SG
mean particle g
dianeter (pm) (33-74) | (33-74) | (40-75) | (45-75)
mean pore 6.8 14.6 30.5 94.5
diameter (nm) | (6.0) | (15.0) | (30.0) | (100.0)
max. pore

Dianeter (nm) | 12°° 2.6 56.6 165.2

pore volume 0.84 1.13 0.84 0.83

(cm’/g) (0.75) | (1.15) (-) (-)
sur face area 497 308 111 2.4
(m*/q) (480) | (300) (100) (50)

* Values in the parenthesis are vendor data.
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Fig. 2 Schematic diagram of experimental

apparatus for the determination of phase

equilibrium condition of gas hydrate.
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N1 B Gelel B AE & 4 G5 el
54 g4FelAE 713 A7t ARSEE B
2EE 27 A2 O 5 99
AR Qoj) A} gemie ezt 4
S s
i

O bulk, pure, Deaton and Frost A
B bulk, NaCl 3wt%, Patil ¥
A 56.6(30.0) nm, NaCl 3 wt%
S & 226(15.0)nm, NaCl 3 wt%
v 129 (6.0) nm, NaCl 3 wt% -
A
*
4+
. 0]
= v A | |
\g’ *
[
2 3 o
= A n
2 vo* °
o
o o
2 v e 4
] (]
1F
0 L L L L 1 L L L L 1 L L L L
265 270 275 280

Temperature (K)
Fig. 6 Hydrate phase equilibria of the
propanetNaCl+water mixtures in silica gel
pores.

g3 WA JeAMe Aed 71e mdd
B Baote] Agow Qlete B FELY)
SopA A Ho] Foln exmelA PP Yol
Eold ANs AAeA A wEd, /T
o] 7]8}ed Adtoez <3 Eo FEr 7+A
= AdAe 93 FFx= a9 53 Ao

2 7139 2= 9t}

- 547 -



60

O C1(90%)+C3(10%), bulk, pure
W C1(90%)+C3(10%), bulk, NaCl 3 wt%
A C1(90%)+C3(10%), 56.6 (30.0) nm, NaCl 3 wt%
50 - @ C1(90%)+C3(10%), 22.6 (15.0) nm, NaCl 3 wt%
v C1(90%)+C3(10%), 12.9 (6.0 nm), NaCl 3 wt%
40
A (e}
= ve L
(]
=3
[
5 30r mo
7 ve ,
(%]
<
a [
ve o
20 |
A
v * m O
v A o
10 LN ol
(e}
0 , , , ,
270 275 280 285 290 295

Temperature (K)

Fig. 7 Hydrate phase equilibria of the
ethanetpropanetNacl+water mixtures in
silica gel pores.

4. 2 E

7159 AAo] 6.0, 15.0, 30.0 nn¢l A7}t
A g 55 dol ogt, 223, vE+Z 23
stel=dlo|ES] 34 (H-Ly-V) HIS 4313
o g3 @ 71T 71sEs Al
o2 93ty E9o FFLvt HZasHAl Hel o
Bl Zayg weEtZayl slo|l=go]|Ee 34
HyP Aol Fo4z XA 7 7]AY steol =
olE B2 o8 AHo= olFde S =
T AT o] 34 HE AFE I v A
o] 7} 71A1 9] slel=dolEe] A ¢ sl 7]
F-o] F, o] 2 Z¥+= Gibbs- Thomson?)
of 9 71F W &3} stel=olE ke uW
g8 s AT = A =, 49y ALt
of o Agoe=z AX K3 HHZA 5715
stth. 2 AFoA dojd A¥FATE dE F
A} Algte o MFE AT B2 A
A AdA7t= A E olibsteka AAAY &
o] A Hofo T3 V|2 ARV E Fo=

>
-
il
il

o
N

oo A4 Ao U A g Beke] o 4.
A7) A WA /AU A A EH A ER
(ETDe] dstoz as g,

References
[1] Sloan, E.D and Koh, C.A., 2008, Clathrate
Hydrates of Natural Gases. 3rd Ed.: Boca
Raton: CRC Press.

[2] Seo, Y. and Lee H., 2003, "Hydrate Phase
Equilibria of the Ternary CHstNaCl+
Water, CO,tNaCltWater and CH4+COstWater
mixtures in Silica Gel Pores", J. Phys.
Chem. B, 107, 889-894.

[3] @stergaad, K. K., Anderson, R.,
Llamedo, M. and Tohidi, B,. 2002,
"Hydrate phase equilibria in porous
media: effect of pore size and salinity",
Terra Nova, 14, 307-312.

[4] Deaton, W.M. and Frost, E.M. Jr., 1946,
"Gas Hydrates and Their Relation to the
Operation of Natural Gas Pipelines",
U.S. Bureau of Mines Monograph, 8, 101.

[5] Patil,S.L., 1987, "Measurements of
multiphase Gas Hydrates Phase
Equilibria: Effect of Inhibitors and
Heavier Hydrocarbon Components, M.S.
Thesis, University of Alaska,
Anchorage, AL.

- 548 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


