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Abstract — Though many divided wall columns are implemented in field as energy-efficient distillation columns, its
application is limited due to the difficulty of building a new column. A novel energy-efficient distillation system utiliz-
ing the existing columns is proposed here. The proposed can reduce the energy consumption by about 39% comparing
with the existing system. And it is shown that the proposed improves the column operability over the existing. The tray
numbers of the added columns have no significant influence on the composition of a side draw.
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Fig. 1. A schematic diagram of a divided wall column.
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Fig. 2. Residue curves for a ternay mixture.
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Fig. 3. A schematic diagram of a modified fully thermally coupled
distillation column.
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Fig. 4. Schematic diagram of the proposed fully thermally coupled
distillation column.
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Table 1. Design results of the proposed and conventional distillation systems

Name Proposed Conventional
Prefract. Up_main Mid_main Low_main Column-1 Column-2
Structural
number of tray 45 15 38 35 45 38
feed/side product 25 19 25 19
Operating
feed(kmol/h) 1574 1574 1352
overhead(kmol/h) 2219 222 509.8
bottom(kmol/h) 8422 1352 842.2
side(kmol/h) 509.8
reflux(kmol/h) 365.2 1672 1233 2731 846.5 1559
vapor boilup(kmol/h) 868.8 1810 1020 1901 1044 2168
heat duty(GJ/h) 70.90 38.23 78.44
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Table 2. Specifications of feed and products
Feed Conventional Proposed

Component

overhead-1 overhead-2 bottom overhead-1 overhead-2 bottom
(Light)
n-Pentane 0.0011 0.0011 0.0000 0.0000 0.0011 0.0000 0.0000
n-Hexane 0.2648 0.2640 0.0000 0.0000 0.2640 0.0000 0.0000
n-Heptane 0.0226 0.0206 0.0018 0.0000 0.0196 0.0031 0.0000
n-Octane 0.2005 0.0000 0.1990 0.0008 0.0000 0.1996 0.0009
n-Nonane 0.4206 0.0000 0.0004 0.4198 0.0000 0.0007 0.4199
Benzene 222.44 221.64 0.9312 0.0000 221.67 0.7673 0.0000
(Intermediate)
Toluene 508.72 0.0081 508.45 0.0660 0.0191 508.37 0.3318
(Heavy)
p-Xylene 117.89 0.0000 0.0639 117.81 0.0000 0.1471 117.74
m-Xylene 257.15 0.0000 0.1179 257.03 0.0000 0.2803 256.87
0-Xylene 112.56 0.0000 0.0048 112.59 0.0000 0.0134 112.55
E-Benzene 11.663 0.0000 0.0332 11.588 0.0000 0.0584 11.605
n-PBenzene 0.3798 0.0000 0.0000 0.3798 0.0000 0.0000 0.3798
IM2-EBenzene 23.240 0.0000 0.0000 23.241 0.0000 0.0000 23.240
123-MBezene 261.23 0.0000 0.0000 261.23 0.0000 0.0000 261.23
1234-M-BZ 57.841 0.0000 0.0000 57.841 0.0000 0.0000 57.841
Total 1574.0 221.90 509.80 842.20 222.00 509.84 842.20
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Fig. 6. Variation of toluene mole fraction in side product with (a) liquid split ratio and (b) vapor split ratio to the prefractionator.
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B : bottom product [kmol/h]
C, : prefractionator [-]

C, : mid-main column [-]

D  : overhead product [kmol/h]
El : upper main column [-]
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: lower main column [-]
F  :feed [kmol/h]

L, :liquid flow in prefractionator [kmol/h]

Ly :reflux [kmol/h]

Ly :liquid flow in feed [kmol/h]

L, : minimum reflux [kmol/h]

NF : feed tray [-]

NR : upper interlinking tray [-]

NS : lower interlinking tray [-]

NT : number of trays in lower main column [-]
NT, : number of trays in prefractionator [-]
NT; : number of trays in upper main column [-]

S :side draw [kmol/h]

V, :vapor flow in prefractionator [kmol/h]

V5 : vapor flow from lower main column to upper [kmol/h]
Vjp  : vapor boilup [kmol/h]

x  : liquid mole fraction [-]

J2lo|A 2K}

o :relative volatility [-]

slstast Hl46H M5 2008 108

-

s

—_—

. Schultz, M. A, Stewart, D. G, Harris, J. M., Rosenblum, S. P.,

Shakur, M. S. and O’Brien, D. E., “Reduce Costs with Dividing-
Wall Columns, Chem. Eng. Progress, 98(5), 64-71(2002).

. Abcul Mutalib, M. 1. and Smith, R., “Operation and Control of

Dividing Wall Distillation Columns, Part 1: Degrees of Freedom
and Dynamic Simulation) Trans. IChemE, Part A, 76, 308-318
(1998).

. Kim, H. K., Choi, D. W. and Hwang, K. S., “Industrial Applica-

tion of an Extended Fully Thermally Coupled Distillation Col-
umn to BTX Separation in Naphtha Reforming Plant] Korean J.
Chem. Eng., 20, 755-761(2003).

.Lee, J. Y., Kim, Y. H. and Hwang, K. S., “Application of a Fully

Thermally Coupled Distillation Column for Fractionation Pro-
cess in Naphtha Reforming Plant] Chem. Eng. Processing, 43,
495-501(2004).

.Kim, Y. H., “Operability Improvement in a Fully Thermally

Coupled Distillation System with Separated Main Columns; J.
Chem. Eng., Japan, 39, 284-291(20006).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


