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ABSTRACT

4681001063  Petrochemical Technology
Tanate Danuthai: Catalytic Conversion of Methylester over Zeolite
Catalysts for Biodiesel Upgrading
Thesis Advisors: Prof. Somchai Osuwan, Assoc. Prof. Thirasak
Rirksomboon, Asst. Prof. Siriporn Jongpatiwut, and Prof. Daniel E
Resasco 121 pp.

Keywords:  Deoxygenation/ Methylester/ Zeolite/ Decarbonylation/ Biofuel/
Condensation/ Aromatization/ Dehydrocyclization

Due to the thermal and oxidative instability of the biodiesel, the elimination
of the oxygen content has been proposed to improve the stability of the fuel and its
utilization potential. In this work, the catalytic conversion of methyl octanoate, a
model biodiesel fuel, to hydrocarbon fuels and chemicals over the H-ZSM5, Zn/H-
ZSM5 and CsNaX zeolite catalysts was investigated in a gas phase reaction. It was
found that the deoxygenation of methyl octanoate over the H-ZSM5 yielded a variety
of hydrocarbons (Ci-C7), with significant amounts of aromatics. Octanoic acid and
8-pentadecanone were primary products. Aromatics are formed through a series of
reactions, cracking, oligomerization, cyclization, and direct dehydrocyclization. The
addition of the Zn species does not provide any alternative route for aromatization,
but only improve the dehydrogenation activity. Moreover, the deoxygenation of 10
Wt% methyl octanoate in methanol over the CsNaX catalysts revealed that the
decarhbonylation/deacetylation activity can occur at high rate and stability. Heptenes
and hexenes as main products are produced via primary decomposition of the
methylester, forming octanoate-like species as an intermediate. Moreover, the
methanol decomposition provides the hydrogen for hydrogenation/dehydration. The
content of excess cesium on the CsNaX catalysts alters the basic strength, leading to
the difference in the product distributions. The basicity and the highly polar character
of the zeolite play an important role in the decarbonylation.



(Catalytic Conversion of Methylester over
Zeolite Catalysts for Biodiesel Upgrading) .
2

(H-ZSMb)
(Zn/H-ZSM5) (CsNaX)
H-ZSM5 (G

10
CsNaX

CsNaX



ACKNOWLEDGEMENTS

With the deepest gratitude I wish to thank the organizations, the generous
guidance, and the kind assistance of the individuals for their magnificent support and
contributions to this research;

First of all, I'would like to acknowledge the Thailand Research Fund under
the Royal Golden Jubilee Ph.D. Program (Grant No. PhD/0134/2547), the Center for
Petroleum, Petrochemicals, and Advanced Materials (PPAM), Petrochemical and
Environmental Catalysis Research Unit of the Ratchadapiseksompote Endowment of
Chulalongkom University, Oklahoma Secretary of Energy, and the Oklahoma
Bioenergy Center for their financial supports throughout this project.

| would like to express my sincere thank to Prof. Somchai Osuwan, Assoc.
Prof. Thirasak Rirksomboon, and Asst. Prof. Siripom Jongpatiwut. Their helpfulness,
valuable guidance, and encouragement are greatly appreciated. A special gratitude is
expressed to Prof. Daniel E. Resasco for his unconditioned kindness, innovation
ideas, moral support, and important advices during my stay at the University of
Oklahoma. Without all of my thesis advisors, this research may not be possible. |
especially extend my appreciation to Assoc. Prof. Pramoch Rangsunvigit, Asst. Prof,
Boonyarach Kitiyanan, and Assoc. Prof. Vissanu Meeyoo for serving as my thesis
committee members and for their recommendations.

Also, | would like to extend my gratitude to Mr. Robert Wright for his
suggestions and kind assistance in the technical writing for publication. My great
appreciation must be expressed to all of PPC staff, particularly c.p.o. Poon Arjpru,
Mr. Sanit Prinakom, and Mr. Chaturong Tiamsiri for their excellent assistance in
fabricating my experimental apparatuses. Special thanks also go to my PPC friends
for sharing happiness, knowledge, and troubles with me. Especially, I would like to
thank all of my friends at the University of Oklahoma. They made my life at ou
enjoyable and unforgettable.

Finally, 1would like to express my deep appreciation to my beloved family,
Mr. Wutthipong and Mrs. Nutcharee Danuthai. Their love and support encourage me
to succeed my Ph.D. study. This dissertation is totally dedicated to them,



TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
List of Tables

List of Figures

CHAPTER
| INTRODUCTION

11 BACKGROUND AND LITERATURE REVIEW
2.1 Zeolites
2.2 Zeolite ZSM5 (MFI)
2.2.1 The Structure of ZSM5 Zeolite
2.2.2 The Catalytic Applications of ZSM5 Zeolite
2.3 Zeolite X (Faujasite)
2.3.1 The Structure of X Zeolite
2.3.2 The Catalytic Applications of XZeolite
2.4 Acidity-Basicity of Zeolites
2.5 Catalytic Production of Fuels and Chemicals from
Renewable Resources

11 EXPERIMENTAL
31 Materials
3.2 Methodology
3.2.1 Catalyst Preparation
32.1.1 Synthesis of H-ZSM5 and
Zn/H-ZSM5 Zeolite Catalysts

PAGE
i
Vi

Xi
Xiii

© oo N JdJ ol P&~ P o0 ow

10

14
14
14
14
14



CHAPTER

3.2.1.2 Preparation of CsNaX Zeolite
Catalysts
3.2.2 Characterization of Fresh Catalysts
3.2.3 Temperature Programmed (TP) Techniques
3.2.3.1 Temperature Programmed Reduction
(TPR)
3.2.3.2 Temperature Programmed Desorption
of Methyl Octanoate
3.2.3.3 Temperature Programmed Desorption
and Reaction of Methanol
3.2.4 Characterization of Spent Catalysts
3.3 Catalytic Activity Testing Apparatus

CONVERSION OF METHYLESTERS TO
HYDROCARBONS OVER AN H-ZSM5 ZEOLITE
CATALYST
4.1 Abstract
4.2 Introduction
4.3 Experimental
4.3.1 Catalyst Preparation
4.3.2 Catalyst Characterization
433 Catalytic Activity Measurments
4.4 Results and Discussion
44.1 Catalyst Characterization
4.4.2 Conversion of Methyl Octanoate
4.4.3 Conversion of n-Octane
4.4.4 The Reactivity Comparison of the Two
Different Feeds

Vil

PAGE

15

15
17
17

17

17

18
18

20

20
2
22
22
22
24
24
24
25
3l

3



CHAPTER

Vi

45 Conclusions
45 Acknowledgements
4.7 References

CONVERSION OF METHYESTERS TO
HYDROCARBONS OVER Zn-MODIFIED
H-ZSM5 ZEOLITE CATALYST
5.1 Abstract
5.2 Introduction
5.3 Experimental
5.3.1 Catalyst Preparation
5.3.2 Catalyst Characterization
5.3.3 Catalytic Activity Measurement
5.4 Results and Discussion
54.1 Catalyst Characterization
5.4.2 Conversion of Methyl Octanoate
54.3 Conversion of n-Octane
5.5 Conclusions
5.6 Acknowledgements
5.7 References

CONVERSION OF METHYLESTERS OVER CsNaX
ZEOLITE CATALYST
6.1 Abstract
6.2 Introduction
6.3 Experimental
6.3.1 Catalyst Preparation and Characterization
6.3.2 FTIR of Adsorbed Acetonitrile

Vil

PAGE

40
41
41

44
45
46
46
46
47
43
48
49
53
65
65
66

68
69
10
10
n



CHAPTER

6.3.3 Temperature Programmed Desorption (TPD)
of Isopropylamine
6.3.4 Temperature Programmed Desorption (TPD)
of Methyl Octanoate
6.3.5 Temperature Programmed Desorption (TPD)
and Temperature Programmed Reaction
(TPRx) of Methanol
6.3.6 Catalytic Activity Measurements for the
Deoxygenation of MethylOctanoate
6.3.7 Temperature Programmed Oxidation (TPO)
of Coke Deposits after Reaction
6.4 Results
6.4.1 Characterization of the FreshCatalysts
6.4.2 Acid-Base Characterization of the Fresh
Catalysts
6.4.3 Temperature Programmed Desorption (TPD)
and Temperature Programmed Reaction
(TPRx) of Methanol
6.4.4 Reaction under Continuous Flow of Methyl
Octanoate
6.4.4.1 CsNaX Catalysts
6.4.4.2 NaX and MgO Catalysts
6.4.4.3 CsNaY and Cs/Sio2 Catalysts
6.4.5 Characterization of Spent Catalysts
6.5 Discussion
6.6 Conclusions
6.7 Acknowledgements
6.8 References

PAGE

i

12

12

13

13
14
14

16

18

82
82
92
97
9
101
108
109
109



CHAPTER

VIl

CONCLUSIONS AND RECOMMENDATIONS
1.1 Conclusions
7.2 Recommendations

REFERENCES

CURRICULUM VITAE

PAGE

113

113
114

115

119



TABLE

41

4.2

43

44

45

4.6

5.1

5.2

5.3

5.4

5.9

LIST OF TABLES

CHAPTER IV
Physical properties of the H-ZSM5 catalyst
Acidity characterization of H-ZSM5 using the FTIR of
adsorbed pyridine
Product distribution from the reaction of methyl octanoate
over H-ZSM5 at 673 K and 773 K
Effect of water addition on the product distribution from the
reaction of methyl octanoate over H-ZSM5 at 773 K a
comparable conversion levels
Product distribution from the reactions of n-heptane and -
octane over H-ZSM5
Product distribution from the reactions of methyl octanoate
and n-octane at 7% conversion

CHAPTER V
Physical properties of the H-ZSM5 and Zn/H-ZSM5
catalysts
Acidity characterization of the H-ZSM5 and Zn/H-ZSM5
catalysts using the FTIR of adsorbed pyridine
Product distributions from the reaction of methyl octanoate
on the H-ZSM5 and Zn/FI-ZSM5 catalysts
Product distributions from the reaction of n-octane on the H-
ZSM5 and Zn/H-ZSM5 catalysts
Product distributions from the reactions of methyl octanoate
and n-octane on the H-ZSM5 and Zn/H-ZSM5 at low
conversion

PAGE

25

25

21

30

33

36

43

49

ol

55

58



TABLE

6.1
6.2

6.3

6.4

CHAPTER VI
Elemental analysis data of NaX and CsNaX catalysts
Product distribution from reactiom of 10 %wt methyl
octanoate in methanol over the CsNaX(20) catalyst at
various space time
Product distribution from reaction of 10 %wt methyl
octanoate over the CsNaX(20) catalyst using methanol as
solvent at various conditions
Product distribution from reaction of 10 %wt methyl
octanoate in methanol over the various CsNaX catalysts

PAGE

15

86

88

a1



LIST OF FIGURES

FIGURE
CHAPTER NI

2.1 Schematic of ZSM5 zeolite structure.

2.2 Structure of Faujasites.

2.3 The representation of acid sites in the zeolite.

2.4 The formation of Lewis acids.

CHAPTER 11
31  Schematic of the catalytic activity testing apparatus.
CHAPTER 1V

41 Conversion of methyl octanoate over H-ZSM5 as a function
of time on stream, at a space time W/F = 6.4 geat-nmolMEo

4.2 Catalytic activity as a function of W/F at 773 K (a) total
methyl octanoate conversion after 20 min on stream; (b)
yield of major products; (c) yield of minor products.

4.3 Effect of water addition to the feed on the total conversion of
methyl octanoate at 773 K.

4.4 Conversion of n-octane over H-ZSM5 as a function of time
on stream, at W/F = 6.4 gcat-h/molnc8 and two different
temperatures, 673 and 773 K.

45  Yield of primary products (a) and secondary products (b)
obtained from the reaction of n-octane as a function of W/F
at 773 K.

46  Comparison of aromatic yields as a function of WIF

obtained from the reaction of methyl octanoate and n-octane
over H-ZSM5 catalyst.

Xni

PAGE

O© O© A &~

19

26

29

30

3l

34

3



FIGURE

a1

48

5.1

5.2

5.3

5.4

5.9

Correlation yield of non-aromatic hydrocarbons as a
function of yield of aromatics obtained from the reactions of
methyl octanoate and n-octane over the H-ZSM5 catalyst.
Proposed reaction scheme for the conversion of (a) methyl
octanoate and (p) n-octane over the H-ZSM5 catalyst.

CHAPTER V
Conversion of methyl octanoate over the H-ZSM5 and the
Zn/H-ZSM5 catalysts as a function of time on stream at 773
K under atmospheric pressure with W/F = 3.2 g*h/mol.
Product yield of (a) major products and (b) minor products
obtained from the reaction of methyl octanoate on the Zn/H-
ZSM5 as a function of W/F at 773 K.
Conversion of n-octane over the H-ZSM5 and the Zn/H-
ZSM5 catalysts as a function of time on stream at 773 K
under atmospheric pressure with W/F = 3.2 g*h/mol.
Product yield of (a) primary products and (b) secondary
products obtained from the reaction of n-octane on the Zn/H-
ZSM5 as a function of W/F at 773 K
Distribution of cracking products from (a) n-octane and (b)
methyl-octanoate over H-ZSM5 (open symbols) and Zn/H-
ZSM5 (full symbols). Conversion levels are indicated by the
size of the symbol. Small (-10%); Medium (-40%); and
Large (-100%).



FIGURE

5.6

5.1

6.1

6.2

6.3
6.4

6.5

6.6

6.7

Yield of non-aromatic hydrocarbons Vs. Yield of aromatic
hydrocarbons for the reactions of n-octane (full symbols)
and methyl octanoate (open symbols) over Zn/H-ZSM5
(triangle) and H-ZSM5 (circle) catalysts at 773 K and
varying W/F and times on stream, which result in varying
levels of aromatic yields.

Percentage of O-Xylene in total aromatics as a function of
yield of total aromatics obtained over H-ZSM5 (top) and
Zn/H-ZSM5  (bottom) using as a feed n-octane (open
symbols) or methyl octanoate (full symbols)

CHAPTER VI
TPR profiles of the CsNaX and NaX catalysts; all of them
treated in air at 723 K before starting the TPR.
FTIR of adsorbed acetonitrile over the CsNaX and NaX
catalysts.
Evolution of m/z = 44 during TPD of isopropylamine.
TPD profiles of adsorbed methanol over the CsNaX(20) and
NaX catalysts.
(@) Temperature Programmed Reaction of continuous flow
methanol over CsNaX (b) H2/CO signal of continuous flow
of methanol over theCsNaX (20) catalyst.
TPD profile of adsorbed methyl octanoate on the CsNaX (20)
zeolite catalyst.
Conversion of 10 %wt methyl octanoate over the CsNaX(20)
catalyst using nonane and methanol as solvent as a function
of time on stream. Reaction Conditions: 698 K, 1atm, W/F
= 198 g*h/mol, 25 ml/min of He.

XV

PAGE

62

64

5

11
1

19

80

8l

82



FIGURE

6.8

6.9

6.10

6.11

6.12

Product distributions from the reaction of 10% t methyl
octanoate over the CsNaX(20) catalyst using (a) nonane and
(b) methanol as solvent as a function of time on stream,
Reaction Conditions: 698 K, 1 atm, W/F = 198 g*h/mol, 25
ml/min of He. Heptenes (1 ), Hexenes (1 ), Octenes (),
Pentadecanone (o), Coupling ester (A), Octane (0 ),
Tetradecene (+ ), Heptane (v), Hexane (o).

Conversion (a), yields of major products (b), yields of minor
products (c) from the reaction of 10 %wt methyl octanoate in
methanol over the CsNaX(20) catalyst as a function of WIF.
Reaction Conditions: 698 K, 1 atm, 25 ml/min of He.
Heptenes (¢), Hexenes (o), Octenes (T), Octane (v),
Heptane (1 ), Hexane (1 ), Oxygenates (A), Pentadecanone
(A), Coupling ester (v ), Octanoic acid (o), Octanal (¢),
Tetradecene (0).

Conversion of 10 %wt methyl octanoate in methanol over
the CsNaX catalysts with different excess cesium content.
Reaction Conditions: 698 K, 1 atm, W/F = 198 g*h/mol, 25
ml/min of He.

The olefins to a-olefins ratio as a function of excess cesium
per unit cell.

Product distribution from the reaction of 10 %wt methyl
octanoate in methanol over NaX zeolite catalyst as a
function of time on stream. Reaction Conditions: 698 K, 1
atm, W/F = 198 g*h/mol, 25 ml/min of He. Hexenes (),
Heptenes (T), Multisubstituted aromatics (o), Heptane
(v), Octenes (1 ), Hexane (o), Octane (0 ), and Coupling
hydrocarbons (+ ).



FIGURE

6.13

6.14

6.15

6.16

6.17

6.18

Conversion of 10 %wt methyl octanoate in methanol over
NaX as a function of time on stream, compared to that on the
CsNaX(20) catalyst. Reaction Conditions: 698 K, 1 atm,
[F = 198 g*h/mol, 25 ml/min of He.
Conversion (a) and product distributions (b) of 10 %wt
methyl octanoate in methanol from the reaction over the
CsNaX(20) and MgO catalysts. Reaction Conditions: 698 K,
1atm, W/F = 198 g*h/mol, 25 ml/min of He. (A) Hexenes,
(B) Hexane, (C) Heptenes, (D) Heptane, (E) Octenes, (F)
Octang, (G) Octanal, (H) Oxygenates, (I) Octanoic acid, (J)
Tetradecene, (K) Pentadecanone, (L) Coupling ester.
Conversion and product distributions of 10 %wt methyl
octanoate in methanol over the Cs/Si02 catalyst. Reaction
Conditions: 698 K, 1 atm, W/F = 198 g*h/mol, 25 ml/min of
He.
Conversion and product distributions of 10 %wt methyl
octanoate in methanol over the CsNaY catalyst. Reaction
Conditions: 698 K, 1atm, W/F = 198 g*h/mol, 25 ml/min of
He.
TPO profdes of the spent CsNaX(20) catalysts from the
reaction of 10 %wt methyl using nonane and methanol as
solvent.
TPO profiles of the spent CsNaX(20) and NaX catalysts
from the reaction of 10 %wt methyl octanoate in methanal.

XVI1

PAGE

04

%

97

9

9

100



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



