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ABSTRACT

5172019063 ะ Polymer Science Program
Nattakam Amparak: M odified PVDF/PAN for a Proton Exchange 
Membrane.
Thesis Advisor: Asst Prof. Hathaikam Manuspiya 77 pp.

Keyword: Polyvinylidene fluoride/Antimony modified titanium
dioxide/Polyacrylonitrile/Proton exchange membrane fuel cell

Composite film  fabricated from 5 mol% antimony in titanium dioxide 
powder and polymers, polyvinylidene fluoride (PVDF) and polyvinylidene fluoride 
(PVDF)/polyacrylonitrile (PAN) blends are a new  challenge in proton exchange 
membrane fuel cells to substitute for Nafion. The cerarpic was prepared via the sol-gel 
method and calcined at 500 °c. The anatase structure o f  antimony m odified titania 
was investigated by XR D . The presence o f  antimony in titania provides higher 
porosity and higher specific surface area. The com posite membranes were fabricated 
by solvent casting using DM F as a solvent. These membranes were evaluated for their 
potential use as an electrolyte in PEMFCs by using impedance spectroscopy, water 
uptake, TGA, and a Lloyd Universal Testing Machine. The results showed that the 
impedance and the percentage o f  water uptake o f  PVDF com posite membranes were 
improved by blending with PAN and higher contents o f  5 mol% Sb-doped TiC>2.
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บทคัดย่อ

ณัฐกานต์ อำภารักษ์ : การดัดแปลงพีวีดีเอฟ/พีเอเอ็นเพื่อนำไปใช้ทำเป็นเยื่อแลกเปลี่ยน 
โปรตอน (Modified PVDF/PAN for a Proton Exchange Membrane) อ. ทปรกษา; ผู้ช่วย 
ศาสตราจารย์ ดร. หทัยกานต์ มนัสปิยะ 77 หน้า

งานวิจัยนีเป็นการพัฒนาเชลล์เชือเพลิงแบบเยื่อแลกเปลี่ยนโปรตอน เพื่อนำมาทดแทน
การใช้แนฟพีออน โดยการนำเซรามิก 5 โมล0/0 ของพลวงในไททาเนียมไดออกไซด์ มาผสมกับพอ 
ลิเมอร์ พอลิไวนิลลิดีนฟลูออไรด์ และ พอณิมอร์ผสมระหว่างพอลิไวนิลลิดีนฟลูออไรด์กับพอ 
ลิอะคริโลไนไตรด์ ซึ่งการเตรียมเซรามิกชนิดนี้ เตรียมผ่านวิธีโซลเจลและเผาที่อุณหภูมิ 500 องศา 
เซลเซียส การศึกษาโดยใช้เทคนิค XRD พบว่า 5 โมล0/ อ ของพลวงในไททาเนียมไดออกไซด์ มี 
โครงสร้างแบบอะนาเทส และการที่มีพลวงอยู่ในไททาเนียมไดออกไซด์จะทำให้เซรามิกมีความ
เป็นรูพรุนสูงขึนและมีพืนที่ผิวมากขืน คอมพอสิตเมมเบรนเตรียมโดยการใช้วิธีการขึ้นรูปด้วยตัวทำ 
ละลายซึ่งมี DMF เป็นตัวทำละลาย เมมเบรนที่เตรียมได้จะนำไปทดสอบประสิทธิภาพการทำงาน 
เป็นสารพาประจุในเซลล์เชื้อเพลิง โดยการวัดค่าความด้านทาน การวัดค่าการดูดซับนํ้า การทดสอบ 
สมบัติทางความร้อนโดยใช้เทคนิค TGA และการทดสอบสมบัติเชิงกล ซึ่งพบว่าการทำคอมพอสิต 
กับ 5 โมล0/ 0 ของพลวงในไททาเนียมไดออกไซด์ และทำพอณิมอร์ผสมกับพอลิอะคริโลไนไตรด์ 
ทำให้คอมพอสิตของพอลิไวนิลลิดีนฟลูออไรด์มีการปรับปรุงค่าความด้านทานและค่าการดูดซับนำ 
ได้ดีขึ้น



V

ACKNOWLEDGEMENTS

The author is Nattakam Amparak grateful for the scholarship and funding o f  
the thesis work provided by the Petroleum and Petrochemical C ollege; and the 
National Center o f  Excellence for Petroleum, Petrochemicals, and Advanced 
Materials, Thailand.

First o f  all, I would like to express my profound gratitude to my advisor, 
A sst. Prof. Hathaikam Manuspiya for her invaluable support, encouragement, 
supervision, useful suggestion, valuable guidance, vital help and endless kindness 
throughout this research. A lso, author deeply thanks to all other com m ittee members, 
Dr. Thanyalak Chaisuwan and Dr. Pompen Atomgitjawat for taking tim e to serve on 
com m ittee and their valuable comments on thesis

M y special acknowledgem ent is expressed to Mr. Boonchana M angkonkam  
and Solvay Co, Ltd., for providing the PVDF materials to carry out this research. 
Gratitude is also extended to Dr. Paisan Setasuwon, National Metal Materials 
Technology Center (MTEC) for the impedance spectroscopy and MTEC staffs for 
providing useful suggestion.

My sincere thanks go to all o f  the Petroleum and Petrochemical C ollege’ร 
faculties who have tendered invaluable knowledge and go to the co lleg e’s staffs who  
give m e invaluable assistance.

Memorable, the author would like to take this opportunity to thank all my 
PPC friends for their friendly assistance, cheerfulness, creative suggestions, and 
encouragement.

Last but not least, I warmly thank to all my fam ily specially m y father and 
m y mother for their love, understanding and never lasting support during all these 
years. There are no words to express my gratitude to them and I love them for 
believing in me and never giving up on me.



VI

TABLE OF CONTENTS

Title page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgem ents V

Table o f  Contents vi
List o f  Tables viii
List o f  Figures ix

CHAPTER
I INTRODUCTION 1

II LITERATURE REVIEW 3

III EXPERIMENTAL 16

IV PVDF/ANTIMONY MODIFIED TITANIUM DIOXIDE
(Sb-Ti02) MEMBRANE FOR PEMFC APPLICATIONS 20
4.1 Abstract 20
4.2 Introduction 20
4.3 Experiment 22
4.4 Results and D iscussion 24
4.5 Conclusion 49
4.6 A cknowledgem ent 50
4.7 References 50

PAGE



v il

V PROTON CONDUCTIVITY IMPROVEMENT BY
PVDF/PAN-ANTIMONY MODIFIED TITANIUM 
DIOXIDE (Sb-Ti02) 52
5.1 Abstract 52
5.2 Introduction 52
5.3 Experiment 54
5.4 Results and Discussion 55
5.5 Conclusion 65
5.6 Acknowledgem ent 66
5.7 References 66

VI CONCLUSION AND RECOMMENDATIONS 68

REFERENCES 70

APPENDICES 73
Appendix A Polyvinylidene Fluoride 73
Appendix B Nafion 75

CURRICULUM VITAE 77

CHAPTER PAGE



v in

LIST OF TABLES

CHAPTER II
2.1 Types o f  fuel cells 4

CHAPTER IV
4.1 Summary o f  Physical Properties o f  TiÛ2

and Sb doped T i02 Samples 24
4.2. Physicochem ical Properties o f  T iÛ 2

and Sb doped T i02 Samples Calcined at 500 °c 26
4.3 M echanical Properties o f  PVDF cast film

and PVDF/10% wt o f  Sb doped TiÛ 2 cast film s 37
4.4 Water uptake o f  PVDF cast film

and PVDF/10% wt o f  Sb doped TiC>2 cast film s 37
4.5 Resistance and proton conductivity at 25 0 c  o f  PVDF cast film

and PVDF/10% wt o f  Sb doped TiC>2 cast film s 38
4.6 M echanical Properties o f  PVDF cast film

and PVDF/5 m ol% Sb-Ti02 Thin Films 47
4.7 Water uptake o f  PVDF cast film

and PVDF/5 mol%Sb-TiC>2 Thin Films 47
4.8 Resistance and conductivity at 25 0 c  o f  PVDF cast film

and PVDF/5 m ol% Sb-Ti02 thin film s 48
CHAPTER V

5.1 M echanical properties o f  PVDF cast film, PV D F/PA N  blend film
and PVDF/PAN-5 mol%Sb doped TiC>2 thin film s 63

5.2 Water uptake o f  PVDF cast film , PVDF/PAN blend film
and PV D F/PA N -5 mol%Sb doped T i0 2 thin film s 63

5.3 Resistance and conductivity at 25 °C o f  PVDF cast film,
PVD F/PA N  blend film  and PVDF/PAN-5 mol% Sb doped T i0 2 
thin film s

TABLE PAGE

6 4



IX

LIST OF FIGURES

CHAPTER II
2.1 Diagram o f  a PEM fuel cell. 5
2.2 The construction o f  the proton exchange membrane fuel cells. 7
2.3 The (3 form o f  PVDF. 8
2.4 Transitions from different conformations o f  PVDF to P-phase. ’ 9

CHAPTER IV
4.1 XRD patterns for (a) T i02, (b) 5 mol% Sb-Ti02,

(c) 10 m ol% Sb-Ti02, (d) 20 m ol% Sb-Ti02 which all o f  these
was calcined at 500 0 c.  - 2 5

4.2 N 2 adsorption-desorption isoterms o f  (a) TiC>2,
(b) 5 mol%Sb-TiC>2, (c) 10 m ol% Sb-Ti02, (d) 20 mol%Sb-TiC>2

samples calcined at 500 0 c . 27
4.3 SEM im ages o f  (a) TiC>2, (b) 5 mol% Sb-Ti02,

(c) 10 m ol% Sb-Ti02, (d) 20 m ol% Sb-Ti02 samples
calcined at 500 0 c. 29

4.4 EDX graphs o f  (a) TiC>2, (b) 5 m ol% Sb-Ti02,
(c) 10 m ol% Sb-Ti02, (d) 20 m ol% Sb-Ti02 samples
calcined at 500 0 c. 30

4.5 SEM im ages o f  (a) PVDF cast film, (b) PVDF-10% wt o f  TiC>2,
(c) PVDF-10% wt o f  5 m ol% Sb-T i02,
(d) PVDF-10% wt o f  10 m ol% Sb-Ti02,
(e) P V D F -10%wt o f  20 m ol% Sb-T i02. 31

4.6 (a) SEM im age (scale bar = 10 pm),
(b) EDX Ti-mapping photograph o f  PVDF-10% wt o f  TiC>2. 33

4.7 (a) SEM im age (scale bar = 10 pm),
(b) EDX Ti-mapping photograph, (c) EDX Sb-mapping
photograph o f  PVDF-10% wt o f  5 m ol% Sb-Ti02. 33

FIGURE PAGE



X

4.8 (a) SEM image (scale bar =  10 (am),
(b) ED X  Ti-mapping photograph, (c) EDX Sb-mapping
photograph o f  PVDF-10% wt o f  10 mol% Sb-Ti02. 34

4.9 (a) SEM image (scale bar =  10 pm),
(b) EDX Ti-mapping photograph, (c) EDX Sb-mapping
photograph o f  PVDF-10% wt o f  20 mol% Sb-Ti02. 35

4.10 TGA thermograms o f  PVDF cast film and
PVDF-10% wt o f  Sb doped TiC>2 cast films. 36

FIGURE PAGE

4.11 SEM im ages o f  (a) PVDF cast film,
(b) ' P V D F -10%wt o f  5 m ol% Sb-Ti02,
(c) PVDF-20% wt o f  5 m ol% Sb-Ti02,
(d) PVDF-30% wt o f  5 m ol% Sb-Ti02,
(e) PVDF-40% wt o f  5 m ol% Sb-Ti02,
(f) PVDF-50% wt o f  5 m ol% Sb-T i02. 39

4.12 (a) SEM image (scale bar =  10 pm),
(b) EDX Ti-mapping photograph, (c) EDX Sb-mapping
photograph o f  PVDF-10% wt o f  5 mol% Sb-Ti02. 41

4.13 (a) SEM image (scale bar =  10 pm),
(b) EDX Ti-mapping photograph, (c) EDX Sb-mapping
photograph o f  PVDF-20% wt o f  5 mol% Sb-Ti02. 42

4.14 (a) SEM image (scale bar =  10 pm),
(b) EDX Ti-mapping photograph, (c) EDX Sb-mapping
photograph o f  PVDF-30% wt o f  5 m ol% Sb-Ti02. 43

4.15 (a) SEM im age (scale bar =  10 pm),
(b) EDX Ti-mapping photograph, (c) ED X  Sb-mapping
photograph o f  PVDF-40% wt o f  5 mol%Sb-TiC>2. 44

4.16 (a) SEM im age (scale bar =  10 pm),
(b) EDX Ti-mapping photograph, (c) EDX Sb-mapping
photograph o f  PVDF-50% wt o f  5 mol% Sb-Ti02. 45



XI

4.17 TGA thermograms o f  PVDF cast film and
PVDF-5 mol%Sb doped TiC>2 cast films. 46

4.18 The temperature dependence o f  proton conductivity o f
PVDF film and PVDF/40% wt o f  5 m ol% Sb-T i02 films. 49

C H A P T E R  V
5.1 DSC Thermograms o f  polyvinylidene fluoride/polyacrylonitrile

blend film  in the w eight ratio o f  9:1 at a heating rate o f  10 °c/min 
fro m -50 °c to 150 °c 56

5.2 SEM images o f  (a) PVDF cast film , (b) PV D F/PA N  blend film ,
(c) PV D F/PA N - 10%wt o f  5 m ol% Sb-T i02,
(d) PVDF/PAN-20% wt o f  5 m ol% Sb-T i02,
(e) PVDF/PAN-30% wt o f  5 m ol% Sb-T i02,
(f) PVDF/PAN-40% wt o f  5 m ol% Sb-T i02. 57

5.3 (a) SEM image (scale bar =  6 pm),
(b) ED X  Ti-mapping photograph, (c) EDX Sb-mapping
photograph o f  PVDF/PAN-10% wt o f  5 m ol% Sb-T i02. 58

5.4 (a) SEM image (scale bar = 6 pm),
(b) EDX Ti-mapping photograph, (c) EDX Sb-mapping
photograph o f  PVDF/PAN-20% wt o f  5 m ol% Sb-T i02. 59

5.5 (a) SEM image (scale bar = 10 pm),
(b) ED X  Ti-mapping photograph, (c) EDX Sb-mapping
photograph o f  PVDF/PAN-30% wt o f  5 m ol% Sb-T i02. 60

5.6 (a) SEM image (scale bar = 10 pm),
(b) ED X  Ti-mapping photograph, (c) EDX Sb-mapping 
photograph o f  PVDF/PAN-40% wt o f  5 m ol% Sb-T i02. 61

5.7 TGA thermograms o f  PVDF cast film , PV DF/PAN blend film
and PVDF-5 mol% Sb doped T i0 2 cast film s. 62

5.8 The temperature dependence o f  proton conductivity o f  
PVDF film , PV D F/PA N  blend film  and
PVDF/40% wt o f  5 m ol% Sb-T i02 film s. 65

FIGURE PAGE


	Cover (English)
	Accepted

	Abstract (English)

	Abstract (Thai)

	Acknowledgements

	Contents


