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เพ็ญสิริ นวเศรษฐกุล ะ โพลิไชลอกเชนจากเถ้าแกลบ (POLYSILOXANE FROM RICE HUSK 
ASH) อ. ที่ปรึกษา ะ รองศาตราจารย์.ดร.โสภณ เริงสำราญ, 86 หน้า. ISBN 947-636-664-5.

งานวิจัยนีไคัทำการสังเคราะห์โพลิไชลอกเชนจากปฏิกิริยาขั้นตอนเดียว โดยใช้เถ้าแกลบหรื! 9
ซิลิกาบ?สุทธ ทำปฏิกิริยากับเอมีน คือ ไตรเอทานอลลามีนหรือไดเอทานอลลามีน. ซ่ึงทำหน้าท่ีเนินท้ังตัวเร่ง' 
ปฏิกิริยาและสารตังต้น ในเอธิทลีนไกลคอล ซึ่งการศึกษากระทำโดยการแปรค่าอุณหภูมิในช่วง 100-200
องศาเชลเชียส, อัตราส่วนโมลของซิลิกาและเอมีนในช่วง 1:0.25-1:1.5 และเวลาในการทำปฏิกิริยาในช่วง 12- 
54 ชั่วโมง สำหรับสภาวะที่เหมาะสมในการทำปฏิกิริยาโดยการใช้ไตรเอทานอลลามีน คือ ที่อุณหภูมิ 200 
องศาเซลเซียส อัตราส่วนโมลของซิลิกาและไตรเอทานอลลามีน 1:1 เวลาในการทำปฏิกิริยาสำหริบซิลิกาที่มี 
ขนาดอนุภาค 0.007 ไมครอน, ซิลิกาที่มีขนาดอนุภาค 10.97 ไมครอน และ เถ้าแกลบที่ไต้ทำการมด มีขนาด 
อนุภาค 13.47 ไมครอน ใช้เวลา 16, 30 และ 48 ชั่วโมง ตามลำดับ และพบว่าเปอร์เซ็นต์คอนทอ ริชั่นสำหรับ 
การใช้ซิลิกาบริสุทธ 100 แต่สำหรับใช้เถ้าแกลบจะไต้ 35.31 เปอร์เซ็นต์ สำหรับสภาวะที่เหมาะสมในการทำ 
ปฏิกิริยาโดยใช้ไดเอทานอลลามีนเหมือนกับการใช้ไตรเอทานอลลามีน แต่เวลาในการทำปฏิกิริยาจะใช้ 20, 36 
และ 48 ชั่วโมง ตามลำดับ และไต้ 100 เปอร์เซ็นต์คอนทอร์ชั่นสำหรับซิลิกาบริสุทธ สำหรับเถ้าแกลบ 25.38; 
เปอร์เซ็นต์ จากบันทำการวิเคราะห์ผลิตภัณฑ์ที่สังเคราะห์ไต้โดยการตรวจสอบหมู่ฟงต์ชัน โครงสร้าง การ 
วิเคราะห์ธาตุ และคุณสมบัติเชิงความร้อน ด้วยเทคนิคอินฟราเรดสเปกโทรสโกปี, นิวเคลียร์แมกเนติก
เรโชแนนช์สเปกโทรสโกปี, การวิเคราะห์ธาตุ CHNXO, เอกช์-เรย์ ฟลูออเรสเชนช์ และ เทอร์โมกราฟวิเมก 
ตริก แอ'นนาไลซิส
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! Polysiloxane was prepared from rice husk ash or pure silicas by one step reaction

reactant iiji ethylene glycol. The reaction temperature was varied between at 100-200'C, mole

ratio of silica and amine between 1:0.25̂ 1:1.5 and reaction time between 12-54 hour. The 

optimum ! conditions for use of triethanolamine were 200°c, mole ratio of silica and

silica (particle size 13.97 pm), and rice husk ash (particle size 13.47 pm), respectively.

for diethanolamine were the same as triethanolamine, but with reaction times of 20, 3o and 48 

hours, repectively. The conversions were 100% for pure silica, and 25.38% for rice husk ash. 

The synthetic products were investigated for the funcional groups, structure and thermal

Fluorescence Spectroscopy and Thermogravimetric Analysis.
I
I
II
iI

II
III
IIII
IIIIIIi

ล า ย ม ือ ช ื่อ อ า จ า ร ย ์ท ี่ป ร ึก ษ า ร ่ว ม . . .ป ีก า ร ศ ึก ษ า . . . . .



A C K N O W L E D G E M E N T

I would to express my sincere gratitude to my advisor, Associate 

Professor Dr.Sophon Roengsumran, for providing helpful advice, criticism, 

guidance, concern, understanding, and encouragement throughout this study 

and for reviewing this thesis. I am deeply grateful to Assistant Professor Dr. 

Amorn Petsom, for helpful support, guidance, and invaluable advice.

I am obliged to the chairman and members of the thesis committee 

for their valuable scrutinizing and discussion.

I am very grateful to The National Metal and Materials Technology 

Center (MTECH) for using of equipment and facilities. I am also thankful 

for raw materials from Union Carbide Co., Ltd.

I wish to express my gratitude to the Graduate School of 

Chulalongkom University for granting partial financial support.

Finally, I am grateful to all of my friends for their encouragement 

and my parents for their love, care and encouragement throughout my study 

for the Master’s Degree.



C O N T E N T S

P a g e

ABSTRACT (IN THAI)................................................................. iv

ABSTRACT (IN ENGLISH).......................................................... V

ACKNOWLEDGEMENT.............................................................. VI
CONTENTS............................................................................... VI
LIST OF TABLES......................................................................  ix

LIST OF FIGURES........................................................................>

ABBREVIATIONS..................................................................... xiv

CHAPTER I INTRODUCTION 

Introduction..................

Objectives...........................................................................2

Expected Benefits Obtainable For Future

Development of the Research........................................ 2

Scope of the Investigation...................................................... 2

CHAPTER II THEORIES AND LITERATURE REVIEW

Natural and Synthesis Silica...................................................4

Rice husk ash.......................................................................9

Solubility of Silica.............................................................. 11

Literature reviews..............................................................  15

CHAPTER III EXPERIMENTAL

Chemicals, Equipment and Glassware.....................................2'!

Instruments........................................................................ 24

Experimental Procedure .

1. The Synthesis of Polysiloxane................................. 24



Vlll

2 . Characterizations............................................2(>

CHAPTER IV : RESULTS AND DISCUSSIONS

Characterization of raw materials................................ 28

Synthesis of Polysiloxane

1. The effect of reaction temperature............................. 33

2. The effect of silica and amine mole ratio................... 3 :

3. The effect of reaction time........................................34

4. Characterization of products..................................... 3(>

CHAPTER V : CONCLUSIONS

Conclusion.......................................โ...................... 43

Suggestions for future works...................................... 4 4

REFERENCES.............................................................................4(>

APPENDIX.................................................................................49

VITA.......................................................................................... 8()



L I S T S  O F  T A B L E S

2.1 Ash and silica contents in diverse parts of different

commercial monocotyledons...................................................8

2.2 Main organic and inorganic components in rice husk..................8

2.3 Analysis of rice husk ash (% dry basis).................................... 9

2.4 Ash composition of different wood ashes in comparison

to rice husk ash.................................................................  10

2.5 Impurities levels (ppm) in rice husks of different origin............  10

4.1 The characteristic IR group absorption of raw materials.............. 28

4.2 The characteristic chemical shifts of raw materials.................... 29

4.3 Analysis of rice husk ash by X-ray Fluorescence....................... 31

4.4 The % conversion of silica content with various mole

ratios of silica and amine...................................................... 33

4.5 The %  conversion of silica or rice husk ash with

various reaction time............................................................ 35

4.6 The characteristic IR group absorption of samples 1-3................37

4.7 The samples 1-3 characterized by Elemental Analysis

and X-ray Fluorescence........................................................38

4.8 The characteristic IR group absorption of samples 4-6................40

4.9 The samples 4-6 were characterized by Elemental Analysis

and X-ray Fluorescence........................................................40

5.1 The results of optimum condition of reactions............................44

T A B L E  Page



L I S T  O F  F I G U R E S

2.1 Solubility diagram of silica for low-Tquartz and an 

amorphous powder with 250 m2/g specific surface in

aqueous solution as a function of pH................................... 12

2.2 Solubility of amorphous silica versus pH at different

temperture..................................................ไ.................... 13

2.3 Variation in solubility of silica with radius of curvature of

surface.............................................................................  14

2.4 Relation between solubility of amorphous silica in water at

2 5 ° c  and particle diameter.................................................. 15

3.1 Reactor........................................................................... 25

4.1 X-ray diffraction pattern of rice husk ash............................. 30

4.2 X-ray fluorescence pattern of rice husk ash..........................31

4.3 Scanning electron micrograph of rice husk ash..................... 32

4.4 The curve of % conversion of silica versus mole

ratios of silica and amine................................................... 34

4.5 The curve of % conversion of silica content versus the

reaction time for various type of silica and amine................35

Al FT-IR Spectrum of silica 0.007 |im, from Aldrich

Chemical Co., Inc.,........................................................... 50

A2 FT-IR Spectrum of silica 10.97 |im, from

PPG Siam Silica Co., Ltd....................................................51

A3 FT-IR Spectrum of rice husk ash 13.47 |iim............................52

A4 FT-IR Spectrum of ethylene glycol (EG)............................... 53

FIGURE Page



XI

A5 FT-IR Spectrum of triethanolamine (TEA)........................... 54

A6 FT-IR Spectrum of diethanolamine (DEA)........................... 55

A7 'H-NMR (d6-DMSO) Spectrum of EG.................................56

A8 'H-NMR (d6-DMSO) Spectrum of TEA...............................57

A9 ‘H-NMR (d6-DMSO) Spectrum of DEA...............................58

A10 13C-NMR (d6-DMSO) Spectrum EG................................... 59

A11 13C-NMR (d6-DMSO) Spectrum of TEA..............................60

A12 13C-NMR (d6-DMSO) Spectrum of DEA............................. 61

A13 FT-IR Spectrum of sample 1 synthesized from

silica 0.007 pm, TEA and EG..........................................62

A14 FT-IR Spectrum of sample 2 synthesized from

silica 10.47 pm, TEA and EG..........................................63

A15 FT-IR Spectrum of sample 3 synthesized from

rice husk ash 10.97 pm, TEA and EG................................64

A16 ‘H-NMR (dft-DMSO) Spectrum of sample 1 synthesized

from silica, 0.007 |0.m TEA and EG................................... 65

A17 ‘H-NMR (d6-DMSO) Spectrum of sample 2 synthesized

from silica, 10.97 pm TEA and EG................................... 66

A18 ‘H-NMR (d6-DMSO) Spectrum of sample 3 synthesized

from rice husk ash 13.47 pm, TEA and EG........................ 67

A19 13C-NMR (dô-DMSO) Spectrum of sample 1 synthesized

from silica 0.007 pm, TEA and EG................................... 68

A20 i3C-NMR (d6-DMSO) Spectrum of sample 2 synthesized

from silica 10.97 pm, TEA and EG................................... 69

A21 13C-NMR (dô-DMSO) spectrum of sample 3 synthesized

from rice husk ash 13.47 pm, TEA and EG........................ 70



Xll

A22 29Si-NMR (d6-DMSO) Spectrum of sample 1 synthesized

from silica 0.007 pm, TEA and EG................................... 71

A23 29Si-NMR (d6-DMSO) Spectrum of sample 2 synthesized

from silica 10.97pm, TEA and EG.................................... 72

A24 29Si-NMR (de-DMSO) Spectrum of sample 3 synthesized

from rice husk ash 13.47 pm, TEA and EG........................ 73

A25 TGA Thermogram of sample 1 synthesized from silica

0.007 pm, TEA and EG................................................... 74

A26 TGA Thermogram of sample 2 synthesized from silica

10.97 pm, TEA and EG.................................................. 75

A27 TGA Thermogram of sample 3 synthesized from

rice husk ash 13.47 pm, TEA and EG...............................76

A28 FT-IR Spectrum of sample 4 synthesized from silica

0.007 pm, DEA and EG.................................................. 77

A29 FT-IR Spectrum of sample 5 synthesized from silica

10.47 pm, DEA and EG.................................................. 78

A30 FT-IR Spectrum of sample 6 synthesized from rice husk

ash 13.47 pm, DEA and EG.............................................79

A31 13C-NMR Solid State Spectrum of sample 4 synthesized

from silica 0.007pm, DEA and EG....................................80

A32 i3C-NMR Solid State Spectrum of sample 5 synthesized

from silica 10.97 pm, DEA and EG................ ..................  81

A33 13C-NMR Solid State Spectrum of sample 6 synthesized

from rice husk ash 3.47 pm, DEA and EG.........................  82

A34 TGA Thermogram of sample 4 synthesized from silica

0.007 pm, DEA and EG 83



X l l l

A35 TGA Thermogram of sample 5 synthesized from silica

10.97 (am, DEA and EG.................................................84

A36 TGA Thermogram of sample 6 synthesized from 

rice husk ash 13.47 jam, DEA and EG 85



A B B R E V IA T IO N S

TEA Triethanolamine

DEA Diethanolamine

EG Ethylene glycol

d5-DMSO _ Deuterated Dimethyl sulfloxide

FT-IR - Fourier Transformed Infrared

NMR Nuclear Magnetic Resonance

TGA Thermogravimetric Analysis

DSC Differential Scanning Calorimeter


	Cover (Thai) 

	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents


	Abbreviations



