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This research is to synthesize the silicalite membrane for the
separation of mixed xylenes. The silicalite membrane waes prepared by the hydrogel
fomiula. The composition of the gel was 0.1TPABr-0.05Na20-Si02-80HDD. Supports
used in this research were borosilicate discs and silica fiber. It wes found that the
surface area of the borosilicate disc fecilitated the crystal growth of silicalige rmré
than that of the silica fiber. The silicalite membrane wes calcined at 500 L for
hours to remove organic tenplates inside the pores of silicalite crystals. SEM and
XRD were used to characterize the memmbranes. The SEM results showed that the
treatment of the support affected the coating of the silicalite membrane onto the
support. It wes also found that the pore size of the support had an effect on the size of
the crystal and the thickness of mermbrane. Silicalite membrane formed on the support
with larger pore size had bigger crystal size and nmore thickness than the one with
small pore size. The XRD pattems corresponded to that of the standard silicalite. The
silicalite membrane wes sealed with 3~way Pyrex glass by gas welding or epoxy resin.
The better results were obtained when epoxy resin wes used as a binder. The
separation of mixed xylenes using this menmbrane wes investi by ges
chromatographic technique. The experiments were carried out at 140 "C with eamer
ges pressure of 0.5 bar. The chromatograms showed that p-xylene and m-xylene in
mixed xylenes could be separated from o-xylene by using this synthesized silicalite
membrane. The separation factor of p-xylene and m-xylene to mixed xylenes wes
147 and that of o-xylene to mixed xylenes was 0.04.

................ 2542 oo SNIP T



ACKNOWLEDGEMENTS

The author would like to express his sincere thanks to his advisor, Dr. Orawon
Chailapakul and his coaavisor, Assistant Professor Dr. Tawan Sooknoi, for their
supervisions, helpful suggestions and encouragments throughout this research. He is
also grateful to Associate Professor Dr. Supawan Tantayanon, Associate Professor Dr.
Wimonrat Trakampruk and Assistant Professor Dr. Anchaleepom . Lothongkum,
for serving as the chairperson and the committee, and valuable comments,

He would like to thank the Asahi Glass Foundation for the financial support.
He is appreciated the supports from the Department of Chemistry, Faculty of Science,
King Mongkut’s Institute of Technology Lackrabang for the equipment, chemicals
and facilities,

The last but not least, he deeply appreciates and thanks his parents and his
family for their consistent supports and encouragements.



CONTENTS

PAGE
ABSTRACT (IN THA D) coooevoonssmsmsmsnssmsmssmsssimonsssssssssmssssssmssssssssssssno iv
ABSTRACT (IN ENGLISH) v
ACKNOW LEDGEMENTS coonvommsassnsmsmsmsmsmsssnssssssssssssssnssmssssssssions vi
CONTENT Surrnrssnsmssnssmsmsmsmsnsssssssssssssssssssssssssssssssssnsssssssssssssns vii
LIST OF TABLES cvommruvsmssmssmmssmmsmsmsmssmsmsssssmssmsssissssssmssssssssssssson x
LIST OF FIGURE S mmvommsusmonssmsmsmsmssnsssssssmssssssssssssssssssssssssmsssnns Xi
CHAPTER
| INTRODUCTION
INEFOTUCHION....vveevvv v ssssssssssssssssssssssssssssesens 1
Objective and SCOPE OFthe TESEAICN........ccccivvvvismsressisssesssisssesssssssessenns 4
H  THEORY
2L MOIECUIAY SIBVES....occvvvrcvsseesscssssessnsssnsssissssssissssssssssssssssssssssssssses 1
22 ZBOIES ..o s sssisees 1
221 Z8OMItR SIUCKUI....vvvvssvevvesssrsssessssissesssmsssesssssssssssssssssssssssesns 8
22.2 P0re $Iz& and dIMENSION...uvvvveerevvvrsssersssenss sonsssessssssssssssssses 8
2.2.3 Z8ONItE PIOPRILIES....vvcccivvrsiivressnsssessnssssssssssssssssssssssssssenes 12
224 ApPlications OF ZEOIIES........ccccccvvrcerivvesssisresssissessssssssssnens 16
23 Membrane SEPATALION.......ccccvvvrsvvvvessrsssesssssssssssssssssssssssssssssssssssesns 2
231 Membrang MaterialS.........ovuvvvvvvmsssmmsssssmsssssinssssssinsens 24
232 Transport in MEMDIANE......cccccvvvsevvvesssssssssissssssssssssssssssnens 2
233 GAS PEIMEALION...vocccvvvvssvvvsvessssessssssssssssssesssssssssssssssesanes 21

2ASIIICAIIER. .vvvvvvvvoeeres oo sssssessssssss s ssssssss s sss s sssss s 28



CONTENTS (continued)
PAGE
in EXPERIMENTAL

3L Membrane Preparation......cc.vesuvsvesssssssmsssssssessssssssssssssssssssssssssssnsens RY)
BLLCRBMICAIS.....vvccvvvvvssrvrsrssssssnsssnssssssssssssssssssssssssssssssssssnns R,

312 EQUIPMENE o vvvvvrsssrsrsssssssssssssssssssssssssssssssssssssssssssssnes 3
3LIPIOCRUUIES...vvvvvvvssvvvrssrvrssssssssssnssssssssssssssssssssssssssssssssns 3
3131 SUpPOIt tTEAEMENt...vovs oo 3

31.3.2 Memborang SYNENESIS.......ocvvvveessvvsvmssrsssnsssssssssssrnnns 3

32 Membrang Characterization.........c..vueurvwmssrvsssssmssssssssssssssssssssssssrssess gl
321 Thermogravimetric ANalYSIS.........ccovvveeemvvmsssmssssssssssssssinns R

32.2 Scanning Electron MICrOSCOPY....vccvvvvvssmsrmsssssssssssssssssssenn &

323 X-13Y DIFFTACHION. .. vvvvcvivressvvvnssnssssssmsssssssssssssssssssssssssnnns &

3.3 SEPATBLION PIOCESS..vvvvvvvisssvsssssssssssssrssssismsssssssssssssssssssssssssessssssssens &

TV. RESULTS AND DISCUSSIONS

41 Silicalite synthesis and CharaCterization.............vvevvessrvvssssssssssssssssns 37
42 The silicalite membrane on different SUPPOMS........ccvvvvsrvvvssssvsssssnsnn 37
43 Silicalite membrane synthesis and charaCterization..............euvveeesvenn 46
431 The effect of SUPPOIt treatMENL.........cccccvvvrscvvrmssssssnsssrsssnns 46

A 0 (o1 OO 5

433 The pore size effect of the borosilicate disc SUPPOIt..........vvee.. 50

4.4 58S SEPATALION PIOCESS..vvvvvvvvsssrvrrsssssssssssssssssssssssssssssssssssssssssssssees 55
441 SealINg PrECRAUME.....vvvssvvvvsssvvrsssrsrssssssssssssssssrsssssssssssssnes 55

442 GC packed COIUMM......vvvvvvvvsvvvnsssvsmsssmssssssssssssssssssssssssrenes o7
44,3 The separation with silicalite MemMDIANE.........cccvwrvvrsssrrrssen 63

A5 Crack OF MEMDIANE........oovvvvveeeessessssssesssssssessssssssssssssssssssssssssssssessssseees il

Ml



CONTENTS (continued)

PAGE

V' CONCLUSIONS AND FURTHER WORKS
CONCIUSIONS...vvvvvvvrsrvvrsssnsrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssses [
SUQEStions and fUINEr WOTKS.........coccvvvesnssvmssnssssssisssesssssssssssssssssssenens 76
REFERENCES.......cvvvsrrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes I
APPENDICES......ccccvvvssnsmsssmssssssssmsssssssssssssssssssssssssssssssssssssssssssssssssses 80



LIST OF TABLES

TABLE
2.1 Cations that may form molecular sieve framework structures

and the metal oxide charge POSSIDIE........ccccvveevvverssrirrnsssisrnen
2.2 Known zeolite structures listed by pore opening, as defined as

the number of T units that shape the channel............cccveesivnes
23 Pore StrUCtUIe 0F ZEONIE......cccvvvevvvvrssrsvesssnsrssssssssssssssssssssssssses
24 Some dimensional parameters of common zeolites..........cccevuvvnnn
25 Parameters of physical adsorption and chemisorption............v....
26 COMMON AUSOTDBNES...vvvcvvvvrssivessssvsissssssssssssssssssssssssssssssssnens
2.7 Commercial molecular SIVe ProdUCES......cccvveessvvvrsssrssnsssssssssrenn
28 UOP Sorbex processes for liquic-phase Separations.............vee..
2.9 Physical properties for C8aromatic CompoUnds..........ccccvveerrvveren
210 Industrial applications of membrane Separation Processes..............
211 Common polymers USed i MEMBIANES.........ccovcvvrsvvssmsssssssessssrsnn
2.12 XRD pattern of silicalite, calcined in air at 600 °c for Lhour...........
31 S0Urce OF CNEMICAIS........ocvvvcsvversivrscssssmssnssesssssssssssessssssssnns
32 Main eQUIDMEN ...vvccvvesiivvesiissmssissssssisssssssssssssssssssssssssenns
41 The crystal size of silicalites and the thicknesses of silicalite

MEmirane 0N each SUPPOM........cccvvveevsvresisssesssisssessssssssssssssns
4.2 The comparison of retention times of each ISOME............ccuvvvvve

43 The separation factors and the permeate distributions of

D, M- AN O-XYIBNES....vvvvvvvvssvvrvssssssssssssssssssssssssssssssssssssssssees
44 The kinetic diameters 0 XYIENES.......cocvvevvvsssssesssssssssnssnens



LIST OF FIGURES

FIGURE PAGE
L1 Amoco p-xylene cryStallization PrOCESS..........ccvvmessmsssssssnssssssssssssssssssnns 1
12 UOP Parex simulated moving bed for adsorptive Separation...........c.eeveee. 2
21 Classification of molecular Sieve MAtEral..........vvvsvvvessrvvesssssmsssrsssssrenn 6
2.2 Examples of the three types of pore openings in the zeolite

MOIECUIAN SIBVES...ccvvvvvvvvssrvvmsssssnssssssssssssssssssssssssssssssssssssssssssssssssenn 9
23 Projections 0fZSM-5, -11, -12, -23 and -44 SIrUCLUES..........cuvvvvversrisrensnes 12
24 Molecular dimension and zeOlIte POrE SIZE.......cccvvvevvvversssssessnssssssssssnns 13
25 Classification f adSOrptive SEPAIAHIONS. ....veuvrvvesssvvssesssssssessssssssssssssssssess 18
2.6 Chevron p-xylene cryStallization ProCeSS......ccccvwemvmsssessmssenssnssssssssssenens 2
2.7 Amoco p-xylene CryStallization PrOCESS..........cuummrersmmssmssssmssessssssssssssrsen 2
2.8 Separation of p-xylene by adsorption, UOP Parex process........c..eeuesvesseee 2
29 General MEMUDIaNE PrOCESS..co..ivvviimmesisissmssmissesssmmssssssssssessssssssssssssees 24
2.10 Mechanisms oftransport in MEMDIANES..........cccccvvrermvsmsssmsssssssnssssssssssnnns 2
211 GaS PRIMEALION.....vvvvvsrvvvvessissssssissssssssssssssssssssssssssssssssssssssssssssssssssenns 28
2.12  Framework structure and idealized channel system in

ZSMIB (SHICAIIER)...vvvvvcsvvvcscsmvssssmmsssmsssssssss s 29
31 The support was placed inthe middle ofthe autoclave by

NANGING ON e STANM.......vovecvvvvrsreessssss s 34
32 The cell for gas SEparation PrOCESS.......vvvusrvvmessissmsssissssssssssssssssssssssees &
33 Schematic 0f gas SEPArAtioN PrOCESS.......cuvvveesvvssmsssrsssessssssssssssssssssssnenns 36
41  XRD pattern ofthe silicalite from Ludox before calcination............cccceee. 3B
42  XRD pattern of the silicalite from silica fumed before calcination.............. 3
43 Standard XRD pattern ofthe silicalite before calcination..............cvvvveeen 40
44 TGA thermogram of the silicalite from LUAOX..........cuvvvvvvesssvvrsssrsssessnn 41
45 TGAthermogram of the silicalite from silica fumed............ocvvvrecrivversnn 42
46 XRD pattern of silicalite membrane on silica fiber SUPPOMt..........ccccveeervvn 43
4.7 XRD pattern of silicalite membrane on borosilicate disc Support................ 44
48  SEMimage of silicalite membrane on silica fiber SUPPOt.......ccccrvevvvverrne 45
49  SEMimage of silicalite membrane on horosilicate disc SUPPOTt...........cccc... 45



LIST OF FIGURES (continued)

FIGURE PAGE

410
411
412
413
414
415
4.16

417

418

419

420

421

422
423

4.24
4.25

4.26
421

SEM image of silicalite membrane on treated borosilicate disc support 47
SEM image of silicalite membrane on untreated borosilicate disc support... 47
XRD pattern of silicalite membrane on treated borosilicate disc support 48
XRD pattern of silicalite membrane on untreated borosilicate disc support...49

XRD patterns of silicalite membrane; before and after calcination................ ol
XRD standard pattern of silicalite after calcination..............vvwe.. 52
SEM image of cross section of silicalite membrane on the

borosilicate disC SUPPOM, 4-5.5 PM....vvccciivvvisssvvmssssssssnsssssssssssssssssssns 53
SEM image of cross section of silicalite membrane on the

borosilicate disc SUPPONt, 10-16 PIM.....ccccvvvcessivvensssrnssessssssssssssssssssnsnns 53
SEM image of cross section of silicalite membrane on the

borosilicate disc SUPPOM, 16-40 PM..vvvvvvvrciisvrssssssnssnsssessssssssssssssenns 53
SEM images of cross section of silicalite membrane at

NIGN MAGNITICALION. .vvvc v !
The gas chromatograms of xylene isomers and mixed xylenes diffusing

through silicalite membrane at a temperature of 140 °c. The flow rate of

CATIEr 08 WAS 5 MI/MIN...cccccvvesvvressssssssnssssssssssssssssssssssssssssssssssenns 5%
The gas chromatograms of mixed Xylenes diffusing through silicalite
membrang at atemperature of 140 °c, carrier gas pressure of Lbar............. 58

The gas chromatograms of mixed Xylenes injected at the injection port........ 59
The gas chromatogram of mixed Xylenes injected at the injection port

(D-xylene : m-xylene :0-Xylene =L:LL)....ovvvveeccressisresssssesssssssesnns 60
The gas chromatogram  of mixed xylenes injected through the loop of

0as sampling valve (p-xylene : m-xylene :0-xylene =1:1:1)....vvvecciiivveiinn 6l
The chromatograms; before and after the installation ofthe cell................ 62
The chromatogram of water injected at Injection POrt..........cccceevvversssinnn 63

The gas chromatogram  of mixed xylenes (1:1:1) diffusing through the
SIICAIIEE MEMDIANG......vvvevvvessrsrssnsrrsssssssssrssssssssssssssssssssssssssssssssenss 64



LIST OF FIGURES (continued)

FIGURE PAGE
428  The gas chromatogram of mixed xylenes (L:2:1) diffusing through the

SIICAIItE MEMDIANE.....vvcvvvvcrvrrsssrrssssssssssssssssssssssssssssssssssssssssssssssssses 65
429  The gas chromatogram of mixed xylenes (1:1:1) diffusing through the

SIICAIItE MEMDIANE....vccvvvecsvvvrssvsrrsssssesssssssssssssssssssssssssssssssssssssssssens 66
430  The relation between the permeation time and the separation factor........... 69
431 Effect of pore size on molecular diffusivity in porous SOld..........ccceeeeveeee 10
432 The gas chromatogram of mixed xylenes (1:1:2) diffusing through the

433

4.34
435

silicalite membrane Which Crack 0CCUMRL........vvwevvvvvssvvvmsssssssssssssssssssssees !
The gas chromatogram  of mixed xylenes (L:1:1) diffusing through the
silicalite membrane Which Crack 0CCUITEL........cc.vvvssrvvmsssnsrmssrssesssssssssrsnn 12
SEM images of crack of silicalite MEMBIANE.........coccvvvveevvmsssssssssisne 13
The chromatogram intensity of water was changed upon the

CUMNG EIME OFTBSIN..vvvvvrevvvvvessivisssssisssesssssssssssssssssssssssssssssssssssssssssssnnns 14



	Cover (Thai)


	Cover (English)


	Accepted
	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



