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Abstract In this study, modeling and optimization works were completed for the separation of 99.9 mol% of
methyl ethyl ketone from water through a pressure-swing distillation process since the azeotropic composition
varies very sensitively with the change of system pressure. PRO/II with PROVISION release 9.1 was used for
the computer simulation and Wilson activity coefficient model was chosen as a modeling equation. A pressure-swing
distillation process can be classified into a low-high pressure columns configuration and a high-low pressure
columns configuration. In this work, each configurations were optimized for the minimization of steam
consumptions, respectively and were compared.
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[Fig. 1] Vapor-liquid equilibria diagram for MEK and
water at low pressure and high pressure,
respectively
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[Fig. 2] A schematic diagram of PSD for the separation
of MEK from water (Low-high pressure columns
configuration)
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[Fig. 3] A schematic diagram of PSD for the separation
of MEK from water (High-low pressure columns
configuration)
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[Fig. 4] Isobaric vapor-liquid equilibrium experimental
data for MEK and water at 101.300 kPa and its
prediction with Wilson model
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[Table 2] Feedstock information

Component Flowrate (kmol/h)
MEK 50.0
Water 50.0
Total flow 100.0
Temperature (K) 298.15
Pressure (kPa) 350.00
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[Table 3] Design conditions for each columns

H;O removal MEK recovery

Column
column column

Theoretical stage 25 25
number
Reflux ratio Manipulated Manipulated
Feed stage location 2 12
from top
Condenser type Sub-cooled Sub-cooled
Reflux drum 318.15K(45°C)  318.15K(45°C)
temperature

Cooling water
supply

Cooling water return

303.15K(30°C) 303.15K(30°C)

313.15K@40°C)  313.15K(40°C)

.. 473.15K 473.15K
Steam condition
saturated saturated
Condenser pressure 105.00 kPa 965.00 kPa
Column top pressure 120.00 kPa 1,000.00 kPa
Internal type Valve tray Valve tray

3767



43813 =22] #1348 A|8E, 2012

3.1 Low—high pressure column HiZEO| CH
St HARA} 21
ol#f Fig. 5ol= A ¥A
column(T101)9] FHFH|E 0.1 1AHsIT F HA &5F
=9l MEK recovery column(T102)2] 3-FH]E 0.1904
1.007}2] 0.05%) F7HAA VA 242+9] S-57Eo] AfH]
719] heat duty H3I}S E=A|3E Ao|t} Fig. 55 RH F
A SR FH7E SRkl wek A i SRE
ot e 55 Gt 49E wolAT 5
9 heat duty= 2H7H]| 9 S7e} Hlfﬂl]ﬁ}"% =7t
:}% & 4= Qo A Fig. 62 B £ HH SR
amah 032 @AM F heat duyd]
4.3882x10° keal/h® ZAgHe Uehyiqich. SU3t 1
oZ A WA = o] 3=H]E 0.1, 0.2, 0.3, 0.4 W 0.5
2 skl 78'—‘%01] gt 2= Fig. 70 UEtRSich
Fig. 73 B 3 A ZReke] BRu7k 039 of 4]
719] Z heat duty®] F+o| 4.0893x10° kcal/hZ X AZFS
UeRlhe S B % 9tk 2 A WA EF5 HO
removal column(T101)0]|42] $FH]= 0.30]11 F WA
Z289] MEK recovery column(T102)2] ZHFH|%= 0.3Y
u Aul719] % heat dutye] o] M4l HE o % 9l
c}.

33 =Xz}

2250l HO removal

3 rlo

3.0 T T T T T T T T

—4— T101 Column
—O— T102 Column

Rebolier Heat Duty (106 kcal/hr)

04 02 03 04 05 06 07 08 09 1.0
T102 Reflux ratio

[O8 5] TI01 SFH9] &FHE 012 IHAHS o,
T102 Z-FE9] ShFuof w2 7 ZHFE< A7

H]9] heat duty H3}

[Fig. 5] Reboiler heat duties for each columns vs. reflux
ratio of T102 column when the reflux ratio for
T101 column is fixed as 0.1
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[Fig. 8] Determination of optimal feed stage location
which minimizes the total reboiler heat duties
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[Table 4] Column simulation results summary (Low-high pressure column configuration)

Low-High pressure Column H,O Removal Column MEK Recovery Column
Top Pressure (kPa) 105.00 956.00
Reflux ratio 0.30 0.30
Reflux molar rate (kmole/hr) 50.0 35.1
Feed stage location from top 14 16
Condenser duty (106 kcal/hr) -2.0480 -1.6343
Cooling water consumption (kg/hr) 205,214 162,137
Column top temperature (K) 352.1 417.0
Reboiler duty (lO6 kcal/hr) 2.1422 1.8651
Column bottom temperature (K) 358.8 432.8
Reboiler return temperature (K) 360.6 433.1
Steam consumption (kg/h) 4,596 3,286
Column diameter (mm) Top 1,067 762
Bottom 1,219 1,067
Flooding percent (%) 80 80
Tray spacing (mm) 609.6 609.6
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[Table 5] Heat and material balance for pressure swing distillation process (Low-high pressure column configuration)

Stream number 101 102 103 104
Stream name Feed 1 Overall Feed T101 Bottom T101 Top
Component kmole/hr mole% kmole/hr mole% kmole/hr mole % kmole/hr mole%
MEK 50.00 50.00 110.78 51.24 0.05 0.10 110.72 66.46
H20 50.00 50.00 105.43 48.76 49.55 99.90 55.87 33.54
Flowrate (kmole/hr) 100.00 100.00 216.21 100.00 49.60 100.00 166.59 100.00
Temperatrue (K) 298.2 309.0 360.6 318.2
Pressure (kpa) 350.0 350.0 150.0 105.0
Stream number 105 106 107 108
Stream name Feed 2 T102 Bottom T102 Top Recycle Steam
Component kmole/hr mole% kmole/hr mole% kmole/hr mole% kmole/hr mole%
MEK 110.72 66.46 215.99 99.90 25.94 52.30 87.13 52.30
H20 55.87 50.00 0.22 0.10 23.66 47.70 79.46 47.70
Flowrate (kmole/hr) 166.59 116.46 216.21 100.00 49.60 100.00 166.59 100.00
Temperatrue (K) 318.7 433.2 318.2 318.2
Pressure (kPa) 1,100.0 782.6 965.0 350.0
3.2 High—low pressure column H{ge|l 3HH, Fig. 100]= A 94 759 98 Fd¢t9] 9
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[Table 6] Column simulation results summary (High-low pressure column configuration)

==

s Y

High-Low pressure column MEK Recovery Column H>O Removal Column
Top Pressure (kPa) 965.0 120.0
Reflux ratio 0.2 0.3
Reflux molar rate (kmole/hr) 46.9 55.7
Feed stage location from top 14.0 13.0
Condenser duty (106 kcal/hr) -3.0233 -2.2839
Cooling water consumption (kg/hr) 304,497.0 228,854.0
Column top temperature (K) 417.0 352.1
Reboiler duty (106 kcal/hr) 3.3095 2.3221.0
Column bottom temperature (K) 432.8 358.8
Reboiler return temperature (K) 4332 360.6
Steam consumption (kg/h) 7,280.0 5,008.0
. Top 914.0 1,219.0
Column diameter (mm)
Bottom 1,152.0 1,219.0
Flooding percent (%) 80.0 80.0
Tray spacing (mm) 609.6 609.6
° A WA FREY BRUE 02000, AR FAGe]  APPSAS u Zze) FRY DBl R AelY 2l
SAL 146 W] 5719 heat duyl 3.0233x10° & Sshech T Fu A WA SR helAt AR
keal/ho] ™, Z8]7]9] heat duty:= 3.3095x10° kcal/ho]il, AL 914mmo| 1, 3 A AL 1,152mmo]|th T HA|
oluf Wk 2WFE 304497 ke/hro T AF AW ZRehe] diEjAl 4Re} sl BE 1219mmo]gick
7080 kgholch. 3 5 WA FRE0 BRHIL 0303 B3 HAB 2AL ol §ate] MABALE St A
AR FUE] AA 13 u) Aul719] heat duye]  IFF A L BYSA] A Table 79] ek ek Table
o] Harh "ok olff §%7]19] heat dutyw= 79 oSt A WA SRFE sHEolA(No. 203) MEK
2.2720x10° keal/ho]™, AJH]7]2] heat duty:= 2.3221x10° &= 999mol%o]H, & WA ZZe oA (No.
kcal/ho]a, ojul] WZk AHTEL 228,854 kg/ho]il AE] 206) ¥ojR|= o] £ = 99.9mol% Y-S & 4 Ut
AT FES 5008 kg/ho|th. $HA flooding percentS 80% &2
[® 7] &9 HsksAol digh € 2 &4 4 AA-AY SH7E M)
[Table 7] Heat and material balance for pressure swing distillation process (High-low pressure column configuration)
Stream number 201 202 203 204
Stream name Feed 1 Overall Feed T201 Bottom T201 Top
Component kmole/hr mole% kmole/hr mole % kmole/hr mole% kmole/hr mole %
MEK 50.00 50.00 173.48 60.70 49.89 99.90 123.53 52.40
H,O 50.00 50.00 112.30 39.30 0.05 0.10 112.23 47.60
Flowrate (kmole/hr) 100.00 100.00 285.78 100.00 49.94 100.00 235.76 100.00
Temperatrue (K) 298.2 312.1 4332 318.2
Pressure (kPa) 1,200.0 1,200.0 782.6 965.0
Stream number 205 206 207 208
Stream name Feed 2 T202 Bottom T202 Top Recycle Steam
Component kmole/hr mole% kmole/hr mole % kmole/hr mole% kmole/hr mole %
MEK 123.53 52.40 0.29 0.10 33.19 66.46 156.70 66.46
H,O 112.23 50.00 285.50 99.90 16.75 33.54 79.07 33.54
Flowrate (kmole/hr) 235.76 102.40 285.78 100.00 49.94 100.00 235.76 100.00
Temperatrue (K) 318.2 360.6 318.2 318.7
Pressure (kPa) 350.0 150.0 120.0 1200.0
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=
22 @& 4 Aok ASkTY FHY
< A WA SHREU HO
removal column®]] T34 EFH]7| 0.30]31, Y& FY
ko] 9z = 14tto|n, T WA ZF7Ee] MEK recovery
columne]] thafjA= 2FH7F 0.30]a = FAke] ¢
A7k 165k Aotk o] 0] Haskel E A7
heat duty®] T+2 4.0430x10° kcal/ho]Qlt}. HhHo| 1t
AR R e A9 Ake) zaL A WA 55
¢] MEK recovery columno| tjaji]= E-78]7} 0.20]11,
U2 FUee] A 14ntolul, T WA FHE 1O
removal column®| thafjA]= FH]7} 0.30]11 A7 T
we] 91317} 135K ASoltt o] Z9e] AT F A
H]7]9] heat duty®] T2 5.6196x10° keal/ho]Qle}. A}
£ Wol TORAS SR W] BHo] ALY F5
g g Tl mls) 34 Foll 2au= AH7|Y
heat duty7} =2 A& & 4 Y=t ole 14-AY S7
= v 9] A9 MEK recovery column Aol 4] MEK 7}
152 AAEHA HO removal column Ao 2 3}
7 He gol AY-1Y SHE W 37800 Hsl B
| Zojc}. 12213 H,O removal columnl & §-%=
U= farol Ae-nt W FHol ulal o A B
34 Sl 28%= AH719] heat duty EFF o AA=
Aoz B 4 otk A% M5 AY-19 FHE )
AR AAlskE o] TAR} SR WARTt oF 27%
o] heat dutyZ H7F3k 4+ LT ole] whe} AmElE A8
o] AmEFE 12288 ke/hol| A 7,882 ke/hs oF 36% 7}eF
A 4= 7] whzoll o AAA S0l & = Q)

o},

N

7T : absolute temperature
P : pressure

R: gas constant

v

: molar volume

: liquid molar volume of component i

: liquid molar volume of component j
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a : energy parameter
b : size parameter
N : number of data points

T, : critical temperature

P, : critical pressure

Ty T mole fraction of component i and j
@;;, Gj @ binary interaction parameters of wilson
equation

F' : objective function

PP, Pfal: experimental and calculated bubble
pressure
5, T;a[ : experimental and calculated

bubble temperature

aga 2x}p
« : alpha function

7; : activity coefficient of component i

References

[1] Ahn, H, S., Oh, J, Y., Lee, S, B, and Lee, Y, T., "Mass

Transfer Coefficient on Membrane Contactor System for
Solution:
Hwahak

Separation of MEK from its Aqueous

Experimental and Theoretical Aspects",
Konghak, Vol. 41, No. 3, pp. 292-300, 2003.

[2] Cho, T. H., Ochi, K., Kojima, K., "Measureme-nt of
vapor- liquid equilibrium for systems with limited
miscibility", Fluid Phase Equilib., Vol. 11, No. 2, pp.
137-152, 1983.

[3] Kim, H. K., Lee, J. S., Han, J., Nah, B. K., Jung, Y.
S. and Song, H.XK. “A Theoretical
MEK-Water Separation by Azeotropic Distillation,”
Hwahak Konghak, Vol. 33, No. 2, pp. 213-224, 1995.

[4] Kim, H. K., Kim, S. H., Han, J., Nah, B. K., Jung, Y.
S. and Song, H. K., “A Theoretical Study on the
Separation of MEK from MEK-Water-Toluene Mixture
by Azeotropic Distillation,” Hwahak Konghak, Vol. 34,
No. 2, pp. 201-207, 1996.

[5] William, L. L., and Chien, L. 1., "Design and control of
distillation systems for separating azeotropes”, A John
Wiley & Sons, INC., Publication, pp. 371-374, 2010.

[6] Soave, G., "Equilibrium constants from a modified

Study on

Redlich-Kwong equation of state", Chem. Eng. Sci.,



Methyl ethyl ketoneZ} & o/J&A EF=9 E¥S SF5Hol et AAtAL 9 XZA3to] gk A+
Vol. 27, No. 6, pp. 197-1203, 1972.
[77 Peng, D. Y. and Robinson, D. B.,, "A New = {{! i(]ungho Cho) (K52

Two-constant Equation of State for Fluids and Fluid
Mixtures", Ind. Eng. Chem. Fundam., Vol. 15, No. 1,
pp. 58-64, 1976.

[8] Wilson, G. M., "Vapor-Liquid Equilibrium XI. A New
Expression for the Excess Free Energy of Mixing", J.
Amer. Chem. Soc., Vol. 86, No. 2, pp. 127-130, 1964.

[9] Renon, H. and Prausnits, J. M., "Local Composition in
Thermodynamic Excess Functions for Liquid Mixtures",
AIChE J., Vol. 14, No. 1, pp. 135-144, 1968.

[10] Othmer, D. F., Chudgar, M. M. and Levy, S. L.
"Composition of vapours from boiling binary solutions:
binary and ternary systems of acetone, methyl ethyl
ketone and water". Ind. Eng. Chem.. Vol. 44, No. 8, pp.
1872-1881, 1952.

(8=l

o

L= 4 T(Sanggyun Noh) ]

e 1984 29 AR etw =du
shejst set} (olshap

* 1986 29 : AEeta tishy

| slst (ofstaan

| 0 19959 29 : AEstE st

| el olshebap

° 1998 8% ~ 1999 29 : ]
= University of California,
Berkeley 3}l wglw >

© 19959 99 ~ @A : Fofrhskn Agsielpel ma

<gHy ok
gustel, §7184

L X $d(Jachyun Rho) [X3]8]
® 2005 2¢ : AW Fay

| o serpe (e
® 2007 2¢ : AW Fay

(FEAAD
e 20079 3% ~ A : FAYS}
L FAHEAR)

5 . .
7 Simulation

3773

* 19884 29 : Boprhstan b
o sjagslat ok
1991 89 : A E
skt (Foh4Ah

19981 29 : M ghst i
o skl (B3P

3}

e 1991 149 ~ 19974 2¢ : ¢
HARIE) 45 17
o 19974 39 ~ 20004 29 : HASIAE AATAE
[ =]
=TT
A}
* 20004 39 ~ 2008\ 29 : Fokcfsta Frfchst Ay

Wsjstgst AU ELS

20084 39 ~ @A : BFojstE FerEEHL Hus

o

)
<IHEok

g s}k, T4 Simulation




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


