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## 4872339523: MAJOR PETROCHEMISTRY AND POLYMER SCIENCE

KEYWORD: CRACKING / ZEOLITE BETA/ Al-HMS/ POLYPROPYLENE/ POLYETHYLENE
NURIYA KACHE: CRACKING OF HIGH DENSITY POLYETHYLENE AND
POLYPROPYLENE OVER ZEOLITE BETA/AI-HMS MIXED CATALYSTS. THESIS
ADVISOR: ASSIST. PROF. Soamwadee Chaianansutcharit, Ph.D. THESIS CO-
ADVISOR: ATICHA CHAISUWAN, Ph. D, 102 pp.

PP and HDPE cracking were investigated over zeolite beta/AI-HMS mixed
catalysts. Zeolite beta with gel the mole composition of 1SiO,: 0.0083 Al,O,: 0.73 TEAOH
: 19 H,O (Si/Al = 60) were synthesized by hydrothermal crystallization at 135°C whereas
Al-HMS with the gel mole composition of 1SiO,: 0.0125 Al,O,: 0.25 HDA: 8.3 EtOH: 100
H,O were synthesized by sol-gel method and crystallization at room temperature.
Octahedral aluminium from Al-HMS was removed by treating with 1M NH,CI at boiling
temperature for 3 h. The catalysts were characterized by X-ray power diffraction,
scanning electron microscope, |ICP-AES, ”AI-MAS-NMR, nitrogen adsorption and
ammonia-temperature programmed desorption techniques. Catalytic cracking of PP
over mixed catalysts between zeolite beta and AI-HMS were studied with various
conditions. The optimal condition for PP cracking was 95%AIl-HMS in the presence of
mixed catalysts, 10%wt catalyst and at the reaction temperature of 380°C whereas for
HDPE was 5%AI-HMS in the presence of mixed catalyst, 10%wt catalyst and at the
reaction temperature of 410°C. With increasing reaction temperature, degradation rate
were faster but the products distribution of gas and liquid fraction were not different. The
liquid products had the same boiling point range compared to that of standard gasoline.
The regeneration of catalysts was acceptable for 1-2 cycles due to a high conversion of
PP and HDPE cracking over 80%. However, the structure of mesoporous Al-HMS should

be aware after reusing of catalyst.

Field of study Petrochemistry and Polymer Science. Student's mgnature.ﬂf.'f‘” t{E...KGCh%

Academic year............... 20T s svisiannivsussniivesss Advisor's s:gnature...fg %"" @\7!

Co-Advisor's s:gnature..ﬁ...%}"w”\—



vi

ACKNOWLEDGEMENTS

The success of this thesis can be attributed to the extensive support and
assistance from Assistant Professor Soamwadee Chaianansutcharit and Dr. Aticha
Chaisuwan, my thesis advisor and thesis co-advisor. I deeply thank them for their
valuable advice and guidance in this research and their kindness throughout this
study.

I would like to gratitude to Associate Professor Sirirat Kokpol, Associate
Professor Wimonrat Trakarnpruk and Assistant Professor Vanchat Chuenchom as the
chairman and member of this thesis committee, respectively, for all of their kindness
and useful advice in the research.

I would like to gratefully thank PTT Chemical Public Company Limited for
supporting the standard mixtures for GC analysis. Moreover, I would like to thank
Department of Chemistry and Program of Petrochemistry and Polymer Science,
Faculty of Science, Chulalongkorn University for the valuable knowledge and
experience. I would like to thank Thailand Japan Technology Transfer Project for
supporting instruments. Furthermore, I would like to thank the members of Materials
Chemistry and Catalysis Research Unit for generosity.

For all of my friends, I greatly appreciate their help and encouragement

throughout the course of my research and study.



CONTENTS

Page

0 gt T e s L I b e e s O e O O iv

ARG R A R e et e e s Pt sk nwn wa s s g s s e s wen wms am e bans v

ACKNOWELEEDMENTS: . .....c...cc0iiiitnsissassanoasasasnnsecsssrsersarsasaresssnsasarays vi
O I B s T v ii e nnmi e R R A RN AN alaen sn s soiowin s ssin weson w s ovananssves vii
LISTOR FABLES S . oo civinssssinsmsiasktbsnmmssearasessasonsnsasssonnnnsess nunsaosos Xi
B O R G IR ittt s il b e swdssn B s Rd st o was sswns S hvanan e xiii

LIST OF SCBENIES . i aiiiaiisant cieivassmrsenasvsinsnnisissawasainsess Xviii
LIST OE ABBREVEATIONS .0 0viinsnsassisstacesssiiosnsissasssssssaassassnarnnsnsss Xix

CHAPTER FINTRODUCKHD. . . 57, . . Soivosaauns - o ssssevssivonsssssssrtrsaososssosvsrss 1

1.1 BackroUnde. o il f o N e T e svonssssensssrorasssseresessssnaranss 1

CHAPTER II THEORY AND LITERATURE REVIEWS........................... 7

2.1 Zeolites.. ot ORI IROE  vahas s tnae snansnaossaaransosassssosnspsessns 7

2:1:1 ZeOlite SRR, . tad - ioreveusionnpssausanassnsusssnvannsoonss 7

2:1:2 ACId SICS TR ., . iy eamnaassssnsanensissssssesusessancanne 10

e A A e 11

2.1 A e R e et e s BRI - <o sanvosocns svs v sssivenasiiass 12

22 ZeoipERRAIRSUNBIIDEIRGN L) c-cortverscsessaassassarsssrosns 13

2.2.1 Structure and properties of zeolite beta..............cooeeevnnnnn. 13

2-2.2 SYRNeSIS OF ZEOLIE DA, 5 csevestsrssvsssrsnssnssisssiissessssansssios 14

FS R LT T T ) e s R U e S 15

2.3.1 Mechanism of mesostructure formation..................c....... 17

24 Hexagonal mesoporous silica (HMS)......c.ccooviiiiiiiiiiiiiiiiinnn 21

P A W T e 5 T T S e p s o R TR 23

A B B T T e D R S R R 24

2.5 2 CAIVHC CIACKING ;<o s it s shnanssaasassssisessniniasnnines 26



CHAPTER page
CHAPTER III EXPERIMENTAL......cooituiiiiiitiiiieiaieeieiiaaieaeaeaanananans 29
3.1 T IR I AR e st sssasiusasnsnsosassanniseassussnsasnsenn 29
32 Instruments, apparatus and analytical techniques................cooveuu. 29
33 I O R S ERE R UR nivn 140 2888 s 3n s emevsns sanumnspassarasnoes 32

3.3.1 Synthesis of zeolite beta with a mole Si/Al ratio in gel of 60...32
3.3.2 Synthesis of AI-HMS with the Si/Al mole ratio in gel of 40..35
3.3.2.1 Synthesis of AI-HMS with various Si/Al ratios.........37

333 NHCltreatmenton AI-HMS............cccoiniiiiiiininiiiininnne 37
3.3.4 Sample preparation for ICP analysis............cccocvvueienenann... 37
3.4  Activity of catalysts in PP and HDPE cracking........................... 38

3.4.1 Activity of various zeolite beta/Al-HMS mixed catalysts in
3.4.1.1 Effect of NH4ClI treatment on Al1-HMS in PP cracking..41
3.4.1.2 Effect of Si/Al ratio AI-HMS catalyst ..................... 41
3.4.1.3 Effect of AI-HMS ratios in mixed zeolite beta/Al-HMS41
3.4.1.4 Effect of plastic to catalyst ratio..............................42

341 5Efectof temperaiiIE " .. ...........cccoevevenenenrennincnnns 42

3.4.2 Activity of various zeolite beta/Al-HMS mixed catalysts in
T e e S 42
3.4.2.1 Effect of AI-HMS ratios in mixed Catalyst................ 42
3.4.2.2 Effect of plastic to catalyst ratio..................ccceuvvnnn.. 42
3403 B Of tBMPCIBING . ... oaeereeeennreronnssnssonssonsoaases 42
3 R N R R R ORY s L e s s smsiissnssisansssassninsios 42
CHAPTER IV RESULT AND DISCUSSION 44
4.1 The physical properties of catalyst 44
411 XKD Datter O GBI s e riiianesisaisasiassonasned 44
4.1 11 XRD patterit OF 2E0lE Beta. . ... coconevonncsionaraaanon 44

4.1.1.2 XRD pattern of AIF-HMS.............cooivivinininann.. 45



ix

CHAPTER page
4.1.2 SEM images of catalysts..........ceocemariemieeinneennrannnrnnenes 46

4.1.2.1 SEM image of zeolite beta. ................c..ccceuunnnn.. 46

4.1.2.2 SEM image of AI-FHMS.........c.ocviniinininininininnn. 47

413 YAI-MAS-NMR SPectrum...........cccevvuueeeeeeeeeeeeeennenn, 48

4.1.3.1 * AI-MAS-NMR Spectrum of zeolite beta.... .............48
4.1.3.2 * AI-MAS-NMR Spectrum of AI-HMS...................49

4.1.3.3 NH4Cl treatment on AI-HMS..........ccooovvininnnann.... 50
4.1.4 Nitrogen Adsorption-Desorption of catalyst..................... 53
4.1.4.1 Nitrogen Adsorption-Desorption of zeolite beta........ 53
4.1.4.2 Nitrogen Adsorption-Desorption of AI-HMS........... 54
4.1.5 SI/A] RAGOF Of GRIAIYSIEL: SNGs . oo v viienvoeeniericiansnnsenssnsiins 55
G160 NH =FPID PEORHERD. 0. i e vevssoorenesssesnsssssesssssssossessas 56
4.2 Activity of catalysts it PRPcracking N\ ...........cccocviveininenennancenne 57
4.2.1 Activity of Al-HMS catalysts in PP cracking........................ 57
4.2.1.1 Effect of NH4Cl treatment on AI-HMS.............ce..... 57
42 BR B OE SUATSRHOBNEY. ... o ooouovonsinsesoiionsssrsssiis 58

4.2.2 Activity of zeolite beta and AI-HMS mixed catalysts in PP
Crackmg .................................. 59
4.2.2.1 Effect of AI-HMS ratio in mixed catalyst.................. 59
4.2.1.2 Effect of plastic to catalyst ratios............................ 63
3213 Effect OF LEMPEIBIUTL . i .o cvvivisiicvisosesiossrioncnsnnnnnnnns 66
4. 2.3 CatBIVRE PEDENBERINON. ) 2 <o o s noes s e snaithassanissinansesinsossesssesons 70
4.3 Activity of catalysts in HDPE cracking............cccooeueeueueneninnnnnnn.n. 73

4.3.1 Activity of zeolite beta and AI-HMS mixed catalysts in

L L I e e e 73
4.3.1.1 Effect of plastic to catalyst ratios............................. 77
4302 EIect O IeMPOIAIIEe. ...t o uvvsoasnaiesionsnvesinsarnonssase 80

U B e e 83



Page
CHAPTER V CONCLUSION AND SUGGESTIONS. ..., 87
40U T T T O e e b ST ey e R RSO 89
LU g UL LB U e G e S e i e 94



X1

LIST OF TABLES
Page
Table 2.1 TUPAC Classification of porous materials...............ccoceiiiiiiiniininan... 7
Table 2.2 Various synthesis conditions of hexagonal mesoporous materials and the
type of interaction between template and inorganic species ................... 17
Table 2.3 Properties of some hexagonal mesoporous materials ........................... 18

Table 2.4 Example route for interaction between the surfactant and the inorganic
e s e R I R U 18

Table 3.1 Required amount of AIP in the preparation of AI-HMS samples with

various S/Alratio in gel ......ccoiiiiiiiiiiiiii e 37

Table 3.2 Different concentration of NH4Cl for treating AI-HMS samples.............37
Table 3.3 Different ratio of AI-HMS in mixed catalysts .............ccocoviiiiiiniiin. 41
Table 4.1 Some properties of AI-HMS (Si/Al=40) before and after treated

with NELCL SOIHON. 7ML Y. s so 00 s s s s ssianssnanssssnsessassesassosssass 51
Table 4.2 Textural properties of calcined zeolite beta and Al-HMS samples .......... 55
Table 4.3 Physicochemical properties of the catalysts .............ccceviiiiiiiininennnne 56
Table 4.4 %Conversion and %yield obtained by catalytic cracking of PP

over untreated and treated AIFHMS 40.... ..........cooiviiiiiiiiiniininan, 58

Table 4.5 %Conversion, %yield, and %selectivity of liquid fraction
obtained by catalytic cracking of PP over treated AI-HMS
catalysts with various SiI/Al ratios .......c.cccoeeviiiiiiiiiniininiiiennnnnnn, 59
Table 4.6 %Conversion, %yield, and %selectivity of liquid fraction obtained by
thermal and catalytic cracking of PP over Sample zeolite beta/Al-HMS
mixed catalysts with various AI-HMS ratios ..............ccceveeenininnnnn.n. 60
Table 4.7 %Conversion, %yield, and %selectivity of liquid fraction obtained by
catalytic cracking of PP over the 95%AI-HMS mixed catalyst with
various plastic to catalyst ratios. ..............eeuueiueeriieiinieriiieeeaennnnn. 64
Table 4.8 %Conversion, %yield, and %selectivity of liquid fraction obtained by
thermal and catalytic cracking of PP over 95%Al-HMS catalyst at

e 67



Xii
Page

Table 4.9 Values of %conversion, %yield, and %selectivity of liquid fraction
obtained by catalytic cracking of PP using the fresh and the regenerated

s L L T L e S s 71

Table 4.10 %Conversion, %yield, and %selectivity of liquid fraction

obtained by thermal and catalytic cracking of HDPE over zeolite

beta/Al-HMS mixed catalysts with various AI-HMS ratios..................74
Table 4.11 %Conversion, %yield, and %selectivity of liquid fraction obtained

by catalytic cracking of HDPE over 5%A1-HMS mixed catalyst with

various plastic to catalyst ratios. .........c.ooeeeeeiieieiiiciieieeieannes 78
Table 4.12 %Conversion, %yield, and %selectivity of liquid fraction

obtained by thermal and catalytic cracking of HDPE over

5%Al-HMS mixed catalyst with various temperatures...............ccc.euu 81
Table 4.13 %Conversion, %yield, and %selectivity of liquid fraction obtained

by catalytic cracking of HDPE using the fresh and the regenerated

5%Al-HMS mixed cAIalyiINSL & 8L i iisinaeianinosserossavoasaese 85



Xil
Page
Table 4.9 Values of %conversion, %yield, and %selectivity of liquid fraction
obtained by catalytic cracking of PP using the fresh and the regenerated

O A LIS IR G B . e iaias vssceseandsnsnsisniunrasisssnsons 71

Table 4.10 %Conversion, %yield, and %selectivity of liquid fraction

obtained by thermal and catalytic cracking of HDPE over zeolite

beta/Al-HMS mixed catalysts with various AI-HMS ratios.................. 75
Table 4.11 %Conversion, %yield, and %selectivity of liquid fraction obtained

by catalytic cracking of HDPE over 5%Al-HMS mixed catalyst with

VAtious PIASHC 0 COBIUSERBNOS/ Lo 5 0ot s svsvsssssssisassassasessssavseossonnes 78
Table 4.12 %Conversion, %yield, and %selectivity of liquid fraction

obtained by thermal and catalytic cracking of HDPE over

5%Al-HMS mixed catalyst with various temperatures........................ 81
Table 4.13 %Conversion, %yield, and %selectivity of liquid fraction obtained

by catalytic cracking of HDPE using the fresh and the regenerated

5%AI-HMS Mixed COAIVRIATE & oorso S creoressersonsssessessensesnsssseenens 84



Page
Figure 4.4 SEM image of zeolite beta(SI/AI=60)...........c.evniriiniiiiiiiiiiiiinn.. 46
Figure 4.5 SEM images of AI-HMS with various Si/Al ratios in gel of (a)- (b)
Si/A1=40, (c) - (d) Si/Al=60, and (e) -(f) SI/AI=200..........cc.ccevenennnn. 47
Figure 4.6 2’ AI-'MAS-NMR spectra of zeolite beta (a) as-synthesized,
L R e s v as -t bl b e i e nis s bhiwasns s n s asaasasnonanasaiesos 48
Figure 4.7 ”’Al-MAS-NMR spectra of as-synthesized Al-HMS with
different Si/Al ratios in gel (a) 40, (b) 60,and (c) 200...........cceveuvrinnns 49
Figure 4.8 2’ Al-MAS-NMR spectra of calcined AI-HMS with different
Si/Al ratios in gel (A) 40, (B) 60, and (C) 200.........ccocoeiiuieieinnininnn 50
Figure 4.9 ” AI-'MAS-NMR spectra of Al-HMS (Si/Al=40) before and after
treatment with NH4Cl for 3 h in various concentrations
(a) as-synthesized (b) calcined-untreated, (c) 1 M, (d) 2 M, and
PR o B e AL A8 T N, OO 51
Figure 4.10 ’AI-MAS-NMR spectra of Al-HMS with Si/Al in gel of 60
were treated with 1 M NH4Cl (a) treated(b) untreated....................... 52
Figure 4.11 >’ AI-MAS-NMR spectra of AI-HMS with Si/Al in gel of 200
were treated with 1 M NH4Cl (a) treated(b) untreated...................... 53
Figure 4.12 (a) N, adsorption-desorption isotherm (b) Pore-size
distribution of zeolite beta (SI/AI=60).......ccovvuiiieiniiiiiiiiiiiiininnnn 53
Figure 4.13 (a) N, adsorption-desorption isotherms of AI-HMS with various Si/Al
ratios in catalyst of (a) 40, (b) 60, and (¢) 200............ccceuiuininianannn. 54
Figure 4.14 BJH pore-size distribution of Sample Al-HMS with various Si/Al
B B B R R 1 it e 4 < b SRR A ie=ia 4 34 35 5 e siansaisa s ia 55

Figure 4.15 NH;-TPD profiles of (a)zeolite beta and treated with

1 M NH4CI Al-HMS with different Si/Al ratios (b) 40, (c) 60, and

(@) O e s i e eees s s T s e 57
Figure 4.16 Accumulative volume of liquid fractions from catalytic cracking

of PP over zeolite beta/Al-HMS mixed catalysts with various

LS Y N T e e S o 61
Figure 4.17 Distribution of gas fraction obtained by catalytic cracking of

PP over zeolite beta/Al-HMS mixed catalysts with various AI-HMS



XV

Page
Figure 4.18 Carbon number distribution of distillated oil obtained catalytic
cracking of PP over zeolite beta/AlI-HMS mixed catalysts with
VALIOHE AN R 8 e e senansacssenesanoasrononsnrones 63
Figure 4.19 Carbon number distribution of commercial SUPELCO standard
e S e T e 63
Figure 4.20 Accumulative volumes of liquid fractions from catalytic cracking
‘ of PP over the 95%AIl-HMS mixed catalyst with various catalyst
£ D B e R EIRL  siot <s o <vx s o e swsamswe v assasness 65
Figure 4.21 Distribution of gas fraction obtained by catalytic cracking of PP
over the 95%Al-HMS mixed catalyst with various plastic to catalyst
1S I L o =vaica s ssvisssiuones sasovsssvssssarss 65
Figure 4.22 Carbon number distribution of distillated oil obtained by catalytic
cracking of PP over the 95%A1-HMS mixed catalyst with various
DIASHE 10 R I O e NS L Vs cissasnssossnsincnsnssansnansassand 66
Figure 4.23 Accumulative volume of liquid fractions from catalytic cracking
of PP over 95%AI1-HMS catalyst at various temperatures................... 68
Figure 4.24 Distribution of gas fraction obtained by thermal and catalytic
cracking of PP over 95%AIl-HMS catalyst at various temperatures......... 68
Figure 4.25 Some possible mechanism of polypropylene cracking....................... 69
Figure 4.26 Carbon number distribution of distillated oil obtained by thermal
and catalytic cracking of PP over 95%AI-HMS at various
e e L 70
Figure 4.27 XRD patterns of (a) fresh 95%AIl-HMS mixed catalyst
(b) regenerated 95%AIl-HMS mixed catalyst..............coceuiviiiiennnnnn.e 71
Figure 4.28 Accumulative volume of liquid fraction obtained by catalytic
cracking of PP using the fresh and the regenerated 95%AIl-HMS
e T T e P L e g 2
Figure 4.29 Distribution of gas fraction obtained by thermal and catalytic
cracking of PP over fresh and the regenerated 95%AIl-HMS mixed
7 T e e b N S o e A PR GRpe 73



Xvi
Page

Figure 4.30 Carbon number distributions of liquid fraction obtained by catalytic

cracking of PP using the fresh and the regenerated 95%Al-HMS.......... 73
Figure 4.31 Accumulative volume of liquid fractions from catalytic cracking

of HDPE over zeolite beta/Al-HMS mixed catalysts with various

L I O e tsiss i ar s pies se aas s s essmesssvissnaassasuisveve 74
Figure 4.32 Distribution of gas fraction obtained by catalytic cracking of

HDPE over zeolite beta/Al-HMS mixed catalysts with various

L i e R 76
Figure 4.33 Carbon number distribution of distillated oil obtained catalytic

cracking of HDPE over zeolite beta/Al-HMS mixed catalysts

with various AI-FHMS ratios...co.oeeviiiiiiiiiiniiiiiiiineeieeeieeeerenenennnn il
Figure 4.34 Accumulative volume of liquid fractions from catalytic cracking

of HDPE over 5%A1-HMS mixed catalyst with various plastic to

COtSIVBU BREIOR & Ll U et AN . oo vovanssvanenessonsensonanseses 78
Figure 4.35 Distribution of gas fraction obtained by catalytic cracking of HDPE

over 5%Al-HMS mixed catalyst with various plastic to catalyst ratios.....79
Figure 4.36 Carbon number distribution of distillated oil obtained by catalytic

cracking of HDPE over 5%AIl-HMS mixed catalyst with various

PIaSHC 0 B R I O et s e T Eoh oo cannrenssenssssonssronenanassioses 79
Figure 4.37 Accumulative volume of liquid fractions from catalytic cracking

of HDPE over 5%AI1-HMS mixed catalyst with various temperatures......81
Figure 4.38 Distribution of gas fraction obtained by catalytic cracking of HDPE

over 5%AIl-HMS mixed catalyst with various temperature............... 82
Figure 4.39 Carbon number distribution of distillated oil obtained by thermal

and catalytic cracking of HDPE over 5%AI1-HMS mixed catalyst

With YariOUS PeHIPEEALUTES. ... v veovorenarorsosnessssrersssonssssensensanssssnes 82
Figure 4.40 XRD patterns of (a) fresh 5%AIl-HMS mixed catalyst
(b) regenerated 5%AI1-HMS mixed catalyst..............ccoceeenieinennnnnn... 83

Figure 4.41 Accumulative volume of liquid fraction obtained by catalytic cracking
of HDPE using the fresh and the regenerated 5%AI1-HMS catalyst



xvii
Page
Figure 4.42 Distribution of gas fraction obtained by catalytic cracking of HDPE
over fresh and the regenerated 5%AIl-HMS catalyst.......................... 85
Figure 4.43 Carbon number distributions of liquid fraction obtained by catalytic
cracking of HDPE using the fresh and the regenerated

S I I e v ivs s miniasnsassisasansassasasiansiaasossnss 86



Scheme 2.1
Scheme 2.2

Scheme 3.3
Scheme 3.4
Scheme 3.5
Scheme 3.6
Scheme 3.7

XViil

LIST OF SCHEMES
Page

Representation of synthesis methods for zeolites ..........................e... 13
Representation of a general mechanistic hydrocarbon degradation in

T e s e s S SRR R 27
The column heating program for gas analysis..............cccceviiiiiiiininn 31
The column heating program for liquid analysis.................ocovvininin. 32
Zeolite beta synthesis dIagIAM . ........cocuciisuureieriieoasimensssimessassssmn 33
Diagram of AI-HMS Synthesis ... cccoocoieiiireiicirisinniinerenranin 36

Catalytic cracking of PP and HDPE using zeolite beta/Al-HMS as
AL T T e S LN fe s s so s s nstsnsssassstsoons essdsosmosns 39



BET
HMS
MCM-41

LIST OF ABBREVIATIONS

Brunauer-Emmett-Teller method
Hexagonal Mesoporous Silica
Mobil’s Composite of Matters-41
degree Celsius

gas chromatography

gram ()

hour (s)

Inductively Coupled Plasma Emission
minute

Scanning Electron Microscopy
Temperature-programmed desorption
X-ray diffraction

Xix



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

