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This research are the studied of pyrolysis process and thermal behavior of
biodegradable polypropylene. Biodegradable additive used in this study is cassava
starch and microcrystalline cellulose in 5, 10, 15, and 20% to determine the effect of
type and amount of additive on kinetic parameter and pyrolysis product yield. The
biodegradable polypropylene was prepared by twin screw extruder and pyrolysis
process was performed using thermogravimetric analysis with temperature profile from
30 to 600°c at a heating rate of 10, 20, and 30°c/min with flash pyrolysis in some runs.
Pyrolysis gas and liquid yield were trapped and analyzed by gas chromatography-mass
spectrometry technique. The kinetic parameters were determined by Friedman’s and
Ozawa's technique.

The result shows that the presence of biodegradable additive produced the char
residue. As the amount of starch and cellulose increased from 0 to 20%, the gas yield
was increased form 34 to 39 and 36%, respectively.  contrary, the activation energy
was decreased from 296 to 242 and 260 kJimol, respectively. The char residue
occurred in the presence of additive might act as a catalyst to accelerated the thermal
decomposition of polypropylene. This effect is more apparent on starch additive
compare with cellulose because of more char remained from starch than cellulose.
Within the percentage range of additives studied, the pyrolysis product of ppistarch
composites at 20% starch content is more satisfied for fuel gas production.

Gl

Department Materials Science Student'’s signaturei.,.‘f..L.'??”.'..Aﬁft.\(vwh@L

Field of study Applied Polymer Science and Textile Technology Advisor's signature

Academic year 2005 Co-advisor's signature.. /7.7, 77¢



Vi

ACKNOWLEDGEMENTS

This thesis could not have successfully been possible and complete without the
invaluable helps of the following individuals and organizations.

First of all, | would like to express my sincere grafitude to Asst. Prof. Dr.
Duangdao Aht-Ong and Dr. Viboon Sricharoenchaikul for their invaluable guidance,
understanding, and constant encouragement throughout the course of this research.
Their positive attitude significantly contributed to inspiring and maintaining my
enthusiasm in the field.

| would like to express my sincere gratitude to Assoc. Prof. Saowaroj Chuayjuljt,
Assoc. Prof. Paiparn Santisuk, Assoc. Prof. Dr. Khemchai Hemachandra for their kind
advice and for being on the thesis committee. And thank to Asst. Prof. Dr. Usa
Sangwatanaroj for providing bleached cotton fabric for microcrystalline cellulose
preparation.

| am also grateful to the partial scholarship and partial funding of the thesis work
provided by Graduate School, Chulalongkorn University. | wish to thank all the staffs at
the department of material science and department of environmental engineering,
Chulalongkorn University for their kind assistance and cooperation. Furthermore, would
also thank all of my friends for their unforgettable friendship.

Finally, my deepest appreciations are dedicated to my beloved family whose
endless support and understanding play the greatest role in my success.



CONTENTS

Page
ABSTRACT (THAI ... oot svvvsvsvssseens sovsmssmsssssssssssssssssssssssssssssssssssssssns sssssssssssss see v
ABSTRACT (ENGLISH)  oooosevveevvernnns s svvee cvvssssss nnsssssssssssssssns sessssssssss V
ACKNOWLEDGEMENTS......oovvevvves wrvvrvess sessssss sosssssssssssss sesssssssss sssssssssssssssssssssssssns Vi
CONTENTS oot cesssssees cosssssssssssss ssses sossssssss sssssssssssssssssmssssssssssssmssssssssssssssssssssssens Vil
LIST OF TABLES . rvrvvvvvvsssssssssssssmssssnsssnnnsssssssssssssnns ssssssssssssessens X
LIST OF FIGURES. ... sovvvvsssssssssmmmmmmmsmnnmmmssmsssssssssssssssssssssssssssssssssssssssssssess X
CHAPTER | INTRODUCTION oo vvevieseseensess sommmvsssssssssnns sosssssssssssssssssssssees 1
CHAPTER I BACKGROUND AND LITERATURE SURVEY oot v 3
2.1 Biodegradable composites of PoIyPropYIENe.......ccurrvvvvves wevvrrrsissnnernnns 3
211 Starch.... 2. A JIGIE AL (s S ensssssssssssssssssssssssssssssssssssene 4
2.1.2 Microcrystalling CelUIOSE......c.v..vvvvvvrrrmmsnssrerrrsssssies seves wvsssssssnnnns 5
2.2 PYTOIYSIS PrOCESS .. veve siveeersssesstsssmissssess sssssssssssssssssssssssssssssssssssssssssssnees 6
2.3 Apparent kinetic parameters determination....................ceeeees wevvessmssmnnseees 1
2.4 Characterizations of pyrolysis Products.........ccccuvevvvvvvevmrmmmmneees covssssseee 13
24.1 Gas chromatography............ccoe... 13
2.4.2 Gas chromatography-mass SPECHOMERrY.............vvvvvvvrrmmmmnneenn 15
24.3 Elemental analysis.........oovviiiiieis 15
CHAPTER Il EXPERIMENTAL.. 17
3L MALBIIAIS...vvvvvvvrcrvvees cesssssssssessesssees cesss sssssssssssssssssssssssssssssssssssssssssssssssssees 17
3.2 Instrument and APPAIALUS.........cevrvsvvvvverssimsmmsssesssssssssssssssssssssssssssssss s 18
3.2.1 Biodegradable additive characterization................. 18
3.2.2 Biodegradable composites processing.................. 19
3.2.3 PYrolySiS eXPrMeNtS........uuuurrrreseesesssrsmenns 19

3.2.4 Pyrolysis products VErfication...........cceceeerrrvvvveenns 20



vill

Page

3.3 MEtNOUOIOGY. .vvvvvvvvvvvsssrrrrssseesssssssssssssssssssssssssssssssssssssssssssssssenes 22

3.3. Microcrystalline cellulose preparation................eeeerrsvsenens 22

3.3.2 Preparation of biodegradahle COMPOSIES.........cvvmmmrrrrrrreenenn 23

3.3.3 PYIOIYSIS STUAIBS.....veuuurrrrvrsviersssimsssssssssssssssssssmssssssssssssssssssnnens 24

34 Characterization and teStiNG............oouumrrrrvermmmmssssesmnsssssssmmsssssssssssnnns 25
CHAPTER IV RESULTS AND DISCUSSION.....vvvvvvvvvrrrnes ormmmmmssssssssssssssssssssssssssesses 21
4. biodegradable additive determinationsS...........rererrrrrrrsssssssssssssssees 21

4.1.1 Yield of microcrystalling CElIUIOSE. ........uvvrvvvvvvvrriiiisssssererrisieinn 2

4.1.2 Morphology of biodegradable additives..................cmens 28

4.1.3 Elemental composition of biodegradable additives.................... 29

4.1.4 Physical appearance of biodegradable COmpOSItes.................... 29

4.2 thermal degradation studies by PYrolySIS PrOCESS........rrrrrsvsssrersrrnnns 32

4.2.1 Decomposition profiles of PP and its COMPOSIES.....vvvvveveererrerenen 32

4.2.2 Pyrolysis products determination.............ervvvverrssmmmmmmneneees 38

4.2.3 Thermal degradation KInetic StUTIES................cmmmmsnnrerrrrsseennn 50

4.2.3.1 Determination of activation €Nergy.............couueerrvrrrenns 50

4.2.3.2 Determination of other kinetic parameters.................... 56
CHAPTER V. CONCLUSIONS ........ 5
REFERENCES.........ccccvmrvvrrrrrnnn 61
APPENDICES......oooooeeoessssssssssssssssssssssssisssssmnmmmsssssssssens 63

CURRICULUM VITAE 10



Table
31

41
4.2
4.3
44
45

4.6
4.
4.8
4.9
4.10
411

4.12
4.13

LIST OF TABLES
Page

Biodegradable composites tested in pyrolySis ProCess..........rerssssveennn 19
Weight of bleached cotton fabric before and after hydrolysis.................vvvnnns 21
Elemental compositions of tapioca starch and microcrystalline cellulose........29
Physical appearance of biodegradable COMPOSILES.............mmnrrrrrrrrssesenen 3
Major constituents of pp and pp composites (5% additives).............wrvvvvvveeeen 4
Major constituents of pyrolysis product of pp and pp composites (10%
AUUIIVES),.vvvvevrrersvvvssisissssssss st 45
Major constituents of pyrolysis product of pp and pp composites (15%
AUUIIVES),vvvvvvveerrrsssssessssissistresssssssssisses s sssssssssssss s sssssssssssssssnns 46
Major constituents of pyrolysis product of pp and pp composites (20%
AUUIIVES),vvvvvvvvvserress i s s 47
Comparison of elemental composition of starch and cellulose before and after
PYIOIYSIS EXPEIIMENL.......veeriiiivrisisiviisssessssessssssssssssssssssssssssssssssss s 49
Activation energy calculation from slope of Friedman's technique................... 5l
Activation energy calculation from slope of Ozawa's technique..............ccooe. 52
The activation energy of pp in PP/STR and PP/MCC composites..................... 53
The activation energy of starch and cellulose at various content.................... 56

Kinetic parameter for the thermal decomposition of Pp.........ceeevvvvvvvvrrsimnnnnns 58



LIST OF FIGURES

Figure Page
21 Polymerization of propylene into PoIyProPYIENE.........cvvvvviiesneeervivriisssessssisennns 3
22 a-(1,4)-linkage Of AMYIASE.........ccooerrrrrrrviriimseesssssisseessssssssssssssssssssssssseens 4
23 a-(1,6)-linkage forming branch-points of amylopectin........cccvvvviinneerereenn 4
24 [3-(1,4)-D-glucopyranose linkage of CEllUIOSE...........commmmrrrrrrrssvrrrsriisssssnnes 5
25 Intramolecular radical transfer via six-membered ring intermediates................ T
26  Saturated and terminal alkene products from free radicalmechanisms............ 8
2.7 Diene and OLCO-dialkenes formation from terminal alkeneproducts................... 8
28 TGA-GC-MS SYSIEMS.......ooiirmmriiriiiirisssrissmssassesssssnnnnens 10
29 (Gas chromatograph COMPAaMENES.........cvvvvvvivmmrremsserimnssessssssssnenns 13
31 FISONS elemental analyzer..........cccoveeniien 18
32 THERMOPRISM TWin SCreW EXIUTET.......oocvvvvvvvvrrrissssnsrssssssssssssssssssssssnesnns 19
33 METTLER TOLEDO TGA equipped with gas sampling bag..........ccceeeeevrvvvrnnnns 19
34 Agilent Technologies 6890N gas Chromatograph............ccoeeeeeevverrimnsesssseesnnns 20
35 Varian CP-3800 gas chromatograph coupled to Varian Saturn 2200 mass
SPECITOMELE ... il
36 JSM-5800LV scanning electron MIiCrOSCOPE........vvr emmeerrvvvrrnnssssssessssanensseens il
3.7 Flow chart of experiment ProCEUET ......cumcrvvvvvvviiiiinseniesessssssssesisssssseees 22
38 Scheme of MCC preparation................cvmeersvevrmmsseesssssmsmnensseens 23
39  Scheme of the biodegradable composites preparation.............ccee.... 24

41 Scanning electron micrograph of cassava starch (a) and microcrystalline
cellulose (b) with the detailed morphology in (c) and (), respectively........... 28
4.2 Reproducibility of the TGA (a) and DTG (b) curves of pp decomposition......... 32

43  TGA (a) andDTG (b) curves of pp, STR and MCC...... .c.oooevrvvvvviiimnnsnerssriirnns 3
44 Comparisonof TGA (a) and DTG (b) curves of pp and PP/STR..........c...crriens 36
45 Comparisonof TGA (a) and DTG (b) curves of pp and PPIMCC...........cccouun. 36

46  Product yields of pp composites in various COMPOSIION..........uervvvverrsmannnes 39



Figure

47
4.8

49

4.10

411

412,

4.13

4.14

4.15.

4.16.

4.11.

4.18

419

X

Gas chromatograms of PP liquid yield (a) compared with gas yield ( )..........41
Comparison of gas yield from pp composites at 5 (a) and 20% ( ) starch

COMEBNTS....oerrevveevessssse s 42
Comparison of gas yield from pp composites at 5 (a) and 20% ( ) cellulose

COMEBINES....ooerereeeeeessss s 42
Products identification by matched with mass spectrum from library............... 43

Scanning electron micrograph of char residue from PP/STR (a) and
PPIMCC ( ) composites with a detailed morphology in (c) and (d),

[ESPECHVELY....eeorerrrrvrevrririrssinns 4
Friedman’s plot of pure pp at varying heating rates to determine

the ACHVALION ENBTYY....urvcrrvsierirrisiismnnssssssssssssnsssssssssssssssssssssssssanns 5l
Ozawa's plot of pure pp at varying %conversion to determine the activation
111C] (0] JSOOOOOOORRRRRRROOTY O .5 < (53 {7 A 52
Friedman's plot of cellulose component in PP/STR composites to determine

the activation energy at a heating rate of 10°C/MIN..........cccceerrrrvvviiisserrrrserrrns ol
Friedman's plot of pp component in PP/MCC composites to determine

the activation energy at a heating rate of 10°C/MIN. .....vvvvvvieeenecrrrciiiissennrrnnen ol
Friedman'’s plot of starch component in PP/STR composites to determine

the activation energy at a heating rate of 10°C/MIN..........cccoommmmerrvviiiinssenrrnennn 55
Friedman's plot of cellulose component in PPIMCC composites to determine
the activation energy at a heating rate of 10°c/min...........cccoee... 55
Reaction order ( ) and pre-exponential factor (k0) determination

of PP component in PPISTR COMPOSIEES.........vvvvvvveererereens 57

Reaction order ( ) and pre-exponential factor (k0) determination
of PP component in PPIMCC COMPOSIES........cccverrrrmmmmmmnerrssssessssssmssasssnnesseees 57



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



