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บทคัดย่อ

มงคล พูนเสถียรทรัพย์ : การผลิตโพรพิลีนจากแนฟทาเบา (C onversion o f  Light 
N aphtha to  Propylene) อ. ที่ปรึกษา : ผศ. ดร. บุนยรัชต์ ลิติยานันท์ 123 หน้า ISBN  974- 
9651-97-9

แนฟทาเบา โดยเฉพาะ ชี4 ชี5 และ ชี6 ไฮโดรคาร์บอน เป็นผลิตภัณฑ์พลอยได้จาก 
สตรีมแครกเกอร์ยูนิท แนฟทาเบา สามารถทำปฏิกิริยาแตกตัวต่อเน่ืองเป็น โอเลพินเบา เช่น เอท 
ทิลีน และ โพรพิลีน ในอนาคตอันใกล้ความต้องการของโพรพิลีนคาดว่าจะมีมากกว่าเอททิลีน 
ส่งผลให้ราคาของโพรพีลินเพ่ิมสูงข้ึน ชีโอไลต์ชนิด ชีเอสเอ็มไฟว์ (ZSM-5) ซ่ึงนิยมใช้ใน 
อุตสาหกรรมโรงกล่ันถูกพบว่ามีส่วนช่วยเพ่ิมผลผลิตของโพรพิลีน ตังน้ัน ในงานวิจัยน้ีจึงศึกษา 
การผลิตโพรพิลีน จากแนฟทา(บาโดยใช้ชีเอสเอ็มไฟว์ซ่ึงมี ชิลิกาต่ออลูมีนา ต่างๆกันเป็นตัวเร่ง 
ปฏิกิริยา โดยใช้อุณหภูมิในการทำปฏิกิริยาต้ังแต่ 500 ถึง 700 องศาเซลเชียส การแตกตัวโดยความ 
ร้อนถูกพบท่ี 600 องศาเซลเชียส และย่ิงมีอิทธิพลมากข้ึนเน่ืออุณหภูมิสูงกว่าน้ีตัวเร่งปฏิกิริยาท่ีมีชิ 
ลิกาต่ออลูมีนาต่ําจะให้ผลผลิตของโพรพิลีนมากกว่า โดยผลผลิตมากท่ีสุด เม่ือใช้ ชี4 เป็นสารต้ัง 
ด้นคือ 35 เปอร์เซ็นต์โดยน้ัาหนักท่ีอุณหภูมิ 550 องศาเซลเชียส และมีค่า 30 เปอร์เซ็นต์โดย 
น้ัาหนักท่ีอุณหภูมิ 650 องศาเซลเซียส เม่ือใช้ ชี5 เป็นสารต้ังด้น และมีค่า 30 เปอร์เซ็นต์โดย 
น้ัาหนักท่ีอุณหภูมิ 650 องศาเซลเซียส เม่ือใช้ ชี6 ในทางตรงกันข้าม ตัวเร่งปฏิกิริยาท่ีมีชิลิกาต่อ 
อถูมีนาสูงจะมีเสถียรภาพสูงกว่าและให้อายุการใช้งานนานกว่า โดยระยะการใช้งานนานท่ีสุดของ 
ตัวเร่งปฏิกิริยาท่ีให้''พรพิลีนมากท่ีสุดคือ 24 ช่ังโมง และมีอายุการใช้งาน 75 ช่ัวโมงสำหรับตัวเร่ง 
ปฏิกิริยาท่ีให้โพรพิลีนนัอยท่ีสุด
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ABSTRACT

4671010063 : Petrochemical Technology Program
Mongkol Poonsateansup: Conversion of Light Naphtha to 
Propylene
Thesis Advisors: Asst. Prof. Boonyarach Kitiyanan, 123 p. ISBN 
974-9651-97-9

Keywords: ZSM-5/ Propylene/ Light naphtha/ Catalytic cracking

Light naphtha (mixed C4 , C5 and Cô) is a by-product from the naphtha steam 
cracking process. The light naphtha can be further cracked to light olefins, i.e. 
ethylene and propylene. Demand for propylene has been forecasted to grow faster 
than ethylene’ร. In refinery operations, ZSM-5 zeolite catalyst is known to have high 
selectivity towards propylene in the FCC unit. Therefore, this work focused on using 
ZSM-5 catalysts with varying Si/Al ratios for cracking light naphtha to propylene at 
reaction temperatures of 500-700°C. At 650°c, thermal cracking was observed and 
played a more important role at higher temperature. Lower Si/Al ratio resulted in 
higher yields of propylene. The maximum yield of propylene for mixed C4 cracking 
was about 35 wt% at 550°c, about 30 wt% for mixed C5 at 650°c and about 30 wt% 
for mixed C6 at 650°c. In contrast, the higher Si/Al ratio zeolite had better stability 
and longer catalyst life. The maximum time on stream was found to be about 24 
hours when using maximum yield catalysts and about 75 hours for the lowest yield 
catalysts.



V

ACKNOWLEDGEMENTS
This work has been a very invaluable experience. This work would not have 

been succeeded without assistance of many persons and organization.
First of all, I would like to express my sincere thanks to my advisor, Asst. 

Prof. Boonyarach Kitiyanan for giving me the useful recommendations, invaluable 
guidance, and constant encouragement throughout this work.

I would like to express my appreciation to Assoc. Prof. Vissanu Meeyoo and 
Dr. Siripom Jongpatiwut, who always provide me many valuable advice, suggestion 
and knowledge.

I also greatly appreciate Dr. Nakarin Mongkolsiri and the people from 
Rayong Olefins Co., Ltd. not only for the thesis funding, but also for their excellent 
guidance and assistance. They also made this thesis fascinating.

I am grateful for the partial scholarship and partial funding of the thesis 
work provided by Postgraduate Education and Research Programs in Petroleum and 
Petrochemical Technology (PPT Consortium).

Unforgettable, appreciation is forwarded to all staff of The Petroleum and 
Petrochemical College and my friends for warm support, friendly help and 
cheerfulness throughout this research work.

Finally, I would like to extend the most important thank to my lovely family 
for providing me their love, encouragement and measureless support.



TABLE OF CONTENTS

Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V
Table of Contents vi
List of Tables ix
List of Figures X

CHAPTER
I INTRODUCTION 1

II LITERARURE REVIEW  3
2.1 Mechanism of Catalytic Cracking over Zeolite 3
2.2 ZSM-5 Zeolite 6
2.3 Role of ZSM-5 in Cracking Process 9
2.4 Techniques of Zeolite Characterization 17

III EXPERIMENTAL 23
3.1 Catalysts and Chemicals 23
3.2 Reaction Procedure 25
3.3 Catalysts Stability Test 27
3.4 Catalysts Characterization 27

3.4.1 Surface Area Analysis (BET) 27
3.4.2 X-ray Diffraction 28
3.4.3 Temperature Programmed Desorption (TPD) 28
3.4.4 Temperature Programmed Oxidation (TPO) 28

PAGE



vii

IV RESULTS AND DISCUSSION 30
4.1 Thermal Cracking of Selected Feed 30
4.2 Catalytic Cracking of Mixed C 4 32

4.2.1 Effect of Retention Time 33
4.2.2 Effect of Reaction Temperature 35
4.2.3 Effect of Silicon to Aluminium Ratio over

Mixed C4 Cracking 37
4.3 Catalytic Cracking of Non-Butadiene C 4 38

4.3.1 Effect of Silicon to Aluminium Ratio over
Non-BD C 4  Cracking 40

4.3.2 Effect of Butadiene 42
4.4 Catalytic Cracking of Mixed C5 44

4.4.1 Effect of Silicon to Aluminium Ratio over
Mixed C5 Cracking 46

4.5 Catalytic Cracking of Mixed C(, 47
4.5.1 Effect of Silicon to Aluminium Ratio over

Mixed Cô Cracking 49
4.6 Stability Test of Catalysts 50

4.6.1 Non-Butadiene C4 Stability Test 51
4.6.2 Mixed C5 Stability Test 54
4.6.3 Mixed บ6 Stability Test 56

4.7 Catalysts Characterization 59 *
4.7.1 X-ray Diffraction of ZSM-5 59
4.7.2 Temperature Programmed Desorption of ZSM-5 60
4.7.3 Temperature Programmed Oxidation of ZSM-5 63

CHAPTER PAGE

V CONCLUSIONS AND RECOM M ENDATIONS 68



Vlll

CHAPTER PAGE

REFERENCES 70

APPENDICES 72
Appendix A Raw Data from Gas Chromatography 72
Appendix B Converting Gas Chromatography Area Method 120

CURRICULUM VITAE 123



IX

LIST OF TABLES

TABLE PAGE

2.1 Conversion of ท- and /'-butane on ZSM-5 at 773 K; Rates of
Production Formation x io 9 [mol/gs mbar]; Ea [kj/mol] 15

2.2 Conversion of ท- and /-pentane on ZSM-5 at 1 1 1  K; Rates of
Product Formation x io 9 [mol/gs mbar]; EA [kj/mol] 15

3.1 Properties of ZSM-5 catalysts 23
3.2 Compositions of Mixed C4 compared with Non-butadiene C4

feedstock 24
3.3 Compositions of Mixed C 5 feedstock 24
3.4 Compositions of Mixed C6 feedstock 25
4.1 Product compositions from catalytic cracking of mixed C4 by 

ZSM-5 zeolite, Si/Al = 40, feed flow rate 50 ml/min and 5
minutes time on stream 33

4.2 Percent carbon contained in the ZSM-5 with Si/Al = 20, 40, 
and 190 after used in stability test over non-BD C 4 , mixed C 5

and mixed Cf, 67

•>



X

LIST OF FIGURES

FIGURE PAGE

2.1 Cracking mechanisms illustrated by the reaction of ท-
heptene; adsorption at a Bronsted acid site 5

2.2 Structure of the zeolite ZSM-5: (a) framework of the zeolite;
(b) schematic representation of the pore structure 7

2.3 Structure of ZSM-5 8
2.4 Composition of LPG obtained from gasoline cracking 

without catalyst (thermal), with FCC base catalyst, and with
ZSM-5 10

2.5 Monomolecular cracking mechanism (only possible with
ZSM-5) 12

2.6 Selectivities to cracking and dehydrogenation for «-butane, i-
butane, «-pentane, and /'-pentane on ZSM-5 at 733 K 13

2.7 The influence of the addition of /'-butene upon conversion of
«-butane at 803 K 16

2.8 Comparison of the NH3-TPD on (a) Mordenite, (b) ZSM-5,
(c) SAPO-11, and (d) ALPO-11 18

2.9 TPD-TGA curves for isopropylamine from ZSM-5 catalyst 
containing approximately 500 pmol/g of Bronsted acid site.
A mass spectrometer was used to determine the products, 
with signals for isopropylamine (m /e  = 30 and 40), propylene
(m /e  = 41), and ammonia ( m /e  =17) 20

2.10 u v  Raman spectra recorded during CH3OH conversion on
ZSM-5: (A) adsorption of CH3OH on ZSM-5 for 30 min at 
room temperature; (B) at 523 K for 30 min; (C) at 773 K for 
1 h; (D) for 2 h and, (E) pure O2 flow at 773K for 1 h 2 2



XI

4.1 Products distribution from thermal cracking of different
feeds at 650°c after 5 minutes time on stream 30

4.2 Products distribution from thermal cracking of different
feeds at 700°c after 5 minutes time on stream 31

4.3 Products distribution from thermal cracking of different
feeds at 750°c after 5 minutes time on stream 31

4.4 Ethylene yields from mixed C4 cracking at different

FIGURE PAGE

temperatures with ZSM-5 zeolite, Si/Al = 40 at flow rate
about 5, 12.5, 25, 50 and 100 ml/min after 5 minutes time on
stream 34

4.5 Propylene yields from mixed C4 cracking at different 
temperatures with ZSM-5 zeolite, Si/Al = 40 at flow rate 
about 5, 12.5, 25, 50 and 100 ml/min after 5 minutes time on
stream 35

4.6 Mixed C 4  cracking over ZSM-5, Si/A 1 = 20 with total flow 
rate 50 ml/min at 500, 550, 600, and 650°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b)
product selectivity 36

4 .7 Mixed C 4  cracking over ZSM-5, Si/A 1 = 40 with total flow 
rate 50 ml/min at 500, 550, 600, and 650°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b)
product selectivity ' 36

4.8 Mixed C 4 cracking over ZSM-5, Si/A 1 = 190 with total flow 
rate 50 ml/min at 500, 550, 600, and 650°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b)
product selectivity 37



4.9 Products yields, conversion and selectivity from mixed C4 
cracking at 600°c with total flow rate 50 ml/min over ZSM- 
5 ratio 20, 40 and 190 after 5 minutes time on stream

4.10 Non-BD C 4 cracking over ZSM-5, Si/Al = 20 with total flow 
rate 50 ml/min at 500, 550, 600, and 650°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b) 
product selectivity

4.11 Non-BD C 4 cracking over ZSM-5, Si/Al = 40 with total flow 
rate 50 ml/min at 500, 550, 600, and 650°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b) 
product selectivity

4.12 Non-BD C 4 cracking over ZSM-5, Si/Al = 190 with total 
flow rate 50 ml/min at 500, 550, 600, and 650°c after 5 
minutes time on stream: (a) production yields and 
conversion, and (b) product selectivity

4.13 Products yields, conversion and selectivity from non-BD C4 
cracking at 600°c with total flow rate 50 ml/min over ZSM- 
5 ratio 20, 40 and 190 after 5 minutes time on stream

4.14 Ethylene and propylene production from mixed C 4  and non- 
BD C 4  cracking at 600°c with total flow rate 50 ml/min over 
ZSM-5, Si/Al = 20 after 5, 30 and 60 minutes time on stream

4.15 Ethylene and propylene production from mixed C 4  and non- 
BD C 4  cracking at 600°c with total flow rate 50 ml/min over 
ZSM-5, Si/Al = 40 after 5, 30 and 60 minutes time on stream

4.16 Ethylene and propylene production from mixed C4 and non- 
BD C4 cracking at 600°c with total flow rate 50 ml/min over 
ZSM-5, Si/Al = 190 after 5, 30 and 60 minutes TOS

FIGURE

xii

PAGE

38

39

39

40

41

42

43

44



Xlll

FIGURE

4.17 Mixed C5 cracking over ZSM-5, Si/Al = 20 with total flow 
rate 50 ml/min at 550, 600, 650 and 700°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b) 
product selectivity

4.18 Mixed C5 cracking over ZSM-5, Si/Al = 40 with total flow 
rate 50 ml/min at 550, 600, 650 and 700°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b) 
product selectivity

4.19 Mixed C5 cracking over ZSM-5, Si/Al = 190 with total flow 
rate 50 ml/min at 550, 600, 650 and 700°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b) 
product selectivity

4.20 Products yields, conversion and selectivity from mixed C5 
cracking at 600°c with total flow rate 50 ml/min over ZSM- 
5 ratio 20, 40 and 190 after 5 minutes time on stream

4.21 Mixed บ6 cracking over ZSM-5, Si/Al = 20 with total flow 
rate 50 ml/min at 550, 600, 650 and 700°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b) 
product selectivity

4.22 Mixed บ6 cracking over ZSM-5, Si/Al = 40 with total flow 
rate 50 ml/min at 550, 600, 650 and 700°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b) 
product selectivity

PAGE

45

45

46

47

48

48



XIV

4.23 Mixed บ6 cracking over ZSM-5, Si/Al = 190 with total flow 
rate 50 ml/min at 550, 600, 650 and 700°c after 5 minutes 
time on stream: (a) production yields and conversion, and (b) 
product selectivity

4.24 Products yields, conversion and selectivity from mixed บ6 
cracking at 650°c with total flow rate 50 ml/min over ZSM- 
5 ratio 20, 40 and 190 after 5 minutes time on stream

4.25 Products yields and conversion from non-BD C4 stability test 
at 600°c with 50% vol feed concentration at total flow rate 
50 ml/min over ZSM-5, Si/Al = 20

4.26 Products yields and conversion from non-BD C 4  stability test 
at 600°c with 50% vol feed concentration at total flow rate 
50 ml/min over ZSM-5, Si/Al = 40

4.27 Products yields and conversion from non-BD C4 stability test 
at 600°c with 5 0 %  vol feed concentration at total flow rate 
50 ml/min over ZSM-5, Si/Al = 190

4.28 Products yields and conversion from mixed C5 stability test 
at 600°c with 50% vol feed concentration at total flow rate 
50 ml/min over ZSM-5, Si/Al = 20

4.29 Products yields and conversion from mixed C5 stability test 
at 600°c with 50% vol feed concentration at total flow rate 
50 ml/min over ZSM-5, Si/Al = 40

4.30 Products yields and conversion from mixed C5 stability test 
at 600°c with 50% vol feed concentration at total flow rate 
50 ml/min over ZSM-5, Si/Al = 190

4.31 Products yields and conversion from mixed C(, stability test 
at 650°c with 50% vol feed concentration at total flow rate 
50 ml/min over ZSM-5, Si/Al = 20

FIGURE PAGE

49

50

51

52

53

55

55

56

58



XV

FIGURE PAGE

4.32 Products yields and conversion from mixed Cô stability test 
at 650°c with 50% vol feed concentration at total flow rate
50 ml/min over ZSM-5, Si/Al = 40 58

4.33 Products yields and conversion from mixed C e  stability test 
at 650°c with 50% vol feed concentration at total flow rate
50 ml/min over ZSM-5, Si/Al = 190 59

4.34 XRD peak pattern obtained from ZSM-5 with Si/Al = 20, 40, 60
190 and 398

4.35 XRD peak pattern obtained from H-ZSM-5 (Round e t  a l . ,
2 0 0 1 ) 60

4.36 TPD curves for isopropylamine from ZSM-5 catalyst with 61
Si/Al = 20

4.37 TPD curves for isopropylamine from ZSM-5 catalyst with 62
Si/Al = 40

4.38 TPD curves for isopropylamine from ZSM-5 catalyst with
Si/Al = 190 63

4.39 TPO results from ZSM-5 ratio about 20, 40 and 190 after
used for non-BD C 4  stability test 65

4.40 TPO results from ZSM-5 ratio about 20, 40 and 190 after
used for mixed C5 stability test 65

4.41 TPO results from ZSM-5 ratio about 20, 40 and 190 after 
used for mixed C e  stability test 6 6


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements 

	Contents



