Korean Chem. Eng. Res., 51(4), 476-481 (2013)
http://dx.doi.org/10.9713/kcer.2013.51.4.476

MFIA HZ20|E E2|%S 0|S¢et 2B aiZ I Fa2lof chiet A+
OIZFR* - MRQ* - FAFT - FMEP - MET*** - MBAM

AN Ty s}

120-749 A E&A] AUt JAZE 50
#xAx| sk AlofU x| 2kl -8k}
220-702 73 A5 AU 83
w2 | ARG
305-726 WAl A9 s 24-1
(2013 42 302 #H<F, 2013 5€ 23U A=)

Ethylbenzene Separation from Ethylbenzene/p-xylene Mixture with MFI-type
Zeolite Membranes

Gi-cheon Lee*, Yukwon Jeon*, Young Hwan Chu**f, Seonghwan Choi***, Young-Jong Seo*** and Yong-Gun Shul*f

*Department of Chemical and Biomolecular Engineering, Yonsei University, 50 Yonsei-ro, Seodaemun-gu, Seoul 120-749, Korea
**Department of New Energy, Resource Engineering, College of Science & Engineering, Sangji University,
83 Sangjidae-gil, Wonju-si, Gangwon 220-702, Korea
***The 4th Research Team, Daedeok Research Institute, Lotte Chemical Corp., Jang-dong #24-1, Yuseong-gu, Daejeon 305-726, Korea
(Received 30 April 2013; accepted 23 May 2013)

(@] oF
pel =

2 AFeNE 2214 540] fAlst ofleduilxiy sl o] E3ka-E E]staAt MFIE AlSEo|E(TS-1, ZSM-5,
Silicalite-1) Z2]2h& AZ3IH 01 o] F o]gsto] 71delA] 8] AP WAt Aol E dxpt IR 2
2-& Azl QlojA] mlolaEo|B M RIS AREste] 3 AlTEE ©5sl8lem, 500 nm W1£]e] st 4=t
= FHERIS AR o] QEIAIA AEI0)E A7} 3~4 um FAZ AU IR E Feluks Az Az
ShitEeo R ol ddl £3E YRS EIHE WAste]l T et A oAl sl d =55 1]
ol M w& FEEE TS & 5 Atk Al TR AR e AlEEelE S4(TS-1, ZSM-5, Silicalite-1y&
7Yz} FRsto] AlzE wElEe o]83t0] 160~220 °Ce] AF2 oA odwAdl/mAtdals £ AES AAst 4
¥}, TS-1 £27to] 1,666 mol/m**s*Pal] 713 2 T3} 2245, Silicalite-1 £2]Tto] 1739 7FF £ Eo=5
200 °Ce] =ellA] 212t BelE gRlsh 4= igint.

Abstract — Ethylbenzene (EB) which has a similar physical properties with p-xylene (pX) was separated from EB/pX
mixture by using MFI-type zeolite (TS-1, ZSM-5, and Silicalite-1) coated membranes. The zeolites were synthesized by
microwave method to reduce the synthesis time and uniformly formed zeolite particles were coated on the c-almina tubu-
lar support with a thickness of 3-4 um. Separation factor and permeation flux of the synthesized zeolite coated membranes
were measured to survey the best performance of ethylbenzene separation from different composition of EB/pX mix-
tures. When the EB/pX mixture of 5:5 molar ratio applied for the separation experiment, it represented the highest sep-
aration factor. We also have studied about the effect of the atomic composition of zeolites on the separation performance
within the temperature range from 160 to 220 °C. TS-1 showed the highest permeation flux of 1,666 mol/m>*s*Pa and
Silicate-1 showed the highest separation factor of 1.73 at 200 °C respectively.
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Table 1. Properties of ethylbenzene and p-xylene

Ethylbenzene p-xylene

Structure ©/\ i;
Boiling point [K] 409 411
Melting point [K] 178 221
Kinetic diameter [nm] 0.600 0.585
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Fig. 1. Scheme of separation system set-up of Ethylbenzene/p-Xylene
mixture.
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Fig. 2. (A) X-ray diffraction patterns of the synthesized MFI-type zeolite seeds. (B) the magnified X-ray diffraction patterns between 7 and 10°.
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Fig. 3. The synthesized zeolite seeds by scanning electron microscopy. (a) Silicalite-1, (b) ZSM-5, (c¢) TS-1.
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Fig. 4. The surface and cross-section of the zeolite membranes by
scanning electron microscopy. (a) Silicalite-1, (b) ZSM-S, (c)
TS-1.
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Fig. 5. The separation factors of ethylbenzene through the synthesized
MFI-type zeolite membranes with different ratio of Ethyl-
benzene/p-Xylene.
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Fig. 6. The permeance of Ehtylbenzene through the synthesized MFI-
type zeolite membranes in Ethylbenzene/p-xylene mixture.
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Fig. 7. The separation factors of ethylbenzene through the synthesized
MFI-type zeolite membranes in Ethylbenzene/p-xylene mixture.
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4. Conclusion

=24 /3ol fAket ol wilAl ) vﬂra}x}o ES gt o]
B9 AT AR R vt $igick A 1 Ji= wlolaE ol B
"0 2 A28k MFIE Al &2fo] E H-2|2H(TS-1, ZSM-5, Silicalite-
1y o] &gt oldilidly seprpdall £3=e] £ £ A8 5
sto] o2& d2S Al

(1) Surface functionalization 7518 ©]-8-5}0] -2]2F X|A| 2] $e]]
AlEetol E QIAFE QFEA71AL 3~4 pme] A1) gkar AU gt e

mlo] A3 4 Ak

(2) Silicalite-1 F2]2F-&- 0]-&35} Oﬂ%_%ﬂ?ﬂ AEkapele] gg &
S-S 2EEIs o 5:5004 7 2 RE = VERSITE

(3) MFIZ A&t E uks o] &-ato] o ial/mead =l &
gHao] e A9 A, Y 2% 200 °Cold 7HE =2 7
YA BT E B0 Silicalite-1 w2]50] 7P £ FEl®

Ql 1.73& YERIITE
Zz Ab

O] I=F-2 XA A R] A © 2 AR AH 7|7 EAKI (10033277)
A Qg who} == Q5T

References

Ju—

.Z.-Y. Gu, D.-Q. Jiang, H.-F. Wang, X.-Y. Cui and X.-P. Yan,
“Adsorption and Separation of Xylene Isomers and Ethylben-
zene on Two Zn-Terephthalate Metal-Organic Frameworks, J.
Phys. Chem. C, 114, 311-316(2010).

2. X. Gu, J. Dong, T. M. Nenoff and D. E. Ozokwelu, “Separation
of p-xylene From Multicomponent Vapor Mixtures Using Tubular
MFI Zeolite Membranes,, J. Membrane Sci., 280, 624-633(2006).

3. B. Lloyd, Separation of Ethyl Benzene from p-xylene by Extrac-
tive Distillation, US Patent 5,425,855(1994).

4. Ana M. Tarditi, Silvia Irusta and E. A. Lombardo, “Xylene Isomer-
ization in a Membrane Reactor Part I: The Synthesis of MFI
Membranes for the p-xylene Separation; Chem. Eng. J., 122, 167-
174(2006).

5. G Xomeritakis and M. Tsapatsis, “Permeation of Aromatic Isomer
Vapors through Oriented MFI-Type Membranes Made by Second-
ary Growth! Chem. Mater., 11, 875-878(1999).

6. Z. Lai, M. Tsapatsis and J. P. Nicolich, “Siliceous ZSM-5 Mem-
branes by Secondary Growth of b-Oriented Seed Layers, Adv.
Funct. Mater., 14 716-729(2004).

7.Y. Huy, C. Liu, Y. Zhang, N. Ren and Y. Tang, “Microwave-assisted
Hydrothermal Synthesis of Nanozeolites with Controllable size]’
Microporous Mesoporous Mater., 119, 306-314(2009).

8. S.-E. Park, J.-S. Chang, Y. K. Hwang, D. S. Kim, S. H. Jhung
and J. S. Hwang, “Supramolecular Interactions and Morphol-
ogy Control in Microwave Synthesis of Nanoporous Materials]’
Catal. Surv. Asia, 8, 91-110(2004).

. Chelsey, D. Baertsch, Hans H. Funke, John L. Falconer and
Richard D. Noble, “Permeation of Aromatic Hydrocarbon Vapors
through Silicalite-Zeolite Membranes, J. Phys. Chem., 100, 7676-
7679(1996).

Nel



10.

11.

12.

13.

14.

MFIE AlgEjolE 2ajuks: o]43) of

K. Keizer, A. J. Burggraaf, Z. A. E. P. Vroon and H. Verweij,
“Two Component Permeation Through Thin Zeolite MFI Mem-
branes’ J. Membrane Sci., 147, 159-172(1998).

Y. Lu, R. Ganguli, C. A. Drewien, M. T. Anderson, C. J. Brinker, W.
Gong, Y. Guo, H. Soyez, B. Dunn, M. H. Huang and J. 1. Zink,
“Continuous Formation of Supported Cubic and Hexagonalme-
soporous Films by Sol-gel Dip-coating, Nature, 389, 364-368(1997).
Y. K. Jeon, G.-C. Lee, Y. H. Chu, S. H. Choi, Y. J. Seoand Y. G.
Shul, “Microwave-assisted TS-1 Membrane for the Separation
of Ethylbenzene from Xylene Mixture] Membrane Journal, 22,
120-127(2012).

K. T. Jung and Y. G Shul, “Preparation of Transparent TS-1
Zeolite Film by Using Nanosized TS-1 Particles, Chem. Mater.,
9, 420-422(1997).

K. T. Jung and Y. G. Shul, “Preparation of ZSM-5 Zeolite Film
and Its Formation Mechanism, J. Membr: Sci., 191, 189-197(2001).

kil

15.

16.

17.

18.

19.

=

plRld™l el oigk A+ 481

M. Taramasso, G. Perego and B. Notari, “Preparation of Porous
Crystalline Synthetic Material Comprised of Silicon and Titanium
Oxides,” US Patent 4,410,501(1983).

B. Sulikowski, J. Rakoczy, H. Hamdan and J. Klinowski, “Struc-
tural and Catalytic Consequences of Isomorphous Substitution of
Silicon by Aluminium and vice versa in the Framework of Pen-
tasil Zeolites, J. Chem. Soc., Chem. Commun., 1542-1543(1987).

C. Algieri, P. Bernardo, G. Golemme, G. Barbieri and E. Drioli,
“Permeation Properties of a Thin Silicalite-1 (MFI) Membrane;’ J.
Membr. Sci., 222, 181-190(2003).

G. Xomeritakis, Z. Lai and M. Tsapatsis, “Separation of Xylene
Isomer Vapors with Oriented MFI Membranes Made by Seeded
Growth}’ Ind. Eng. Chem. Res., 40, 544-552(2001).

G. Valerio, J. Plevert, A. Goursot and F. di Renzo, “Modeling of
Boron Substitution in Zeolites and Implications on Lattice Parame-
ters; Phys. Chem. Chem. Phys., 2, 1091-1094(2000).

Korean Chem. Eng. Res., Vol. 51, No. 4, August, 2013




<<
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


