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ABSTRACT

4772029063: Polymer Science Program
Surawut Chuangchote: Preparation and Characterization of Carbon
Black Nanoparticle-Filled Electroactive Electrospun Poly(Vinyl
Alcohol) Nanofibers
Thesis Advisors: Assoc. Pro.. Pitt Supaphol and Assoc. Prof. Anuvat
Sirivat 129 pp. ISBN 974-9990-06-4

Keywords: Electrospinning/ Carbon Nanotube/ MEH-PPV/ Thermoplastic

Elastomer

Electroactive polymer is the polymer which responds to an external
electrical stimulation by displaying a significant shape or size displacement. In this
work, carbon black (CB) nanoparticle-filled poly(vinyl alcohol) (PVA) nanofibers
were developed to use as an electroactive polymer. Pristine PVA and CB-filled PVA
nanofibers were successfully fabricated by electrospinning with the fiber sizes of
about 85-647 and 169 nm, respectively. The deposition area, morphological
appearance, and diameters of the as-electrospun pristine PVA fibers were
investigated to study the effects of solution concentration, preparation with
sonication, applied electrostatic potential, and collection distance. The fibers that
were fabricated according to the following conditions, i.e. 10% w/v PVA
concentration, 15 kV applied voltage, and 15 cm collection distance, were chosen for
the further study of the effects of CB composition on the morphological appearance
and diameters of the as-electrospun CB-filled fibers. These nanotibers were also
characterized by other techniques t¢ investigate the effect of CB composiiion on
chemical structure, crystallinity, and thermal properties of resulting fibers. Finally,
the as-spun CB-loaded fibers were developed as an clectroactive material through the
investigation of mechanical and electrorheological properties. Interestingly, the
obtained fibers had good tensile properties and could respond to an external electrical

stimulation by displaying an increase in the modulus.



UNAAYD

o a = - 4 [ o 9 ad
qi@ ¥N1YA . msmSeuuazmsngniendnusiveuduledidnInsailu
aouauesas I v Tunindaguauszninawed hilausanesed uazkavuiaul Ty
o @ . . - .
VYDINITUVOUAT (Preparation and characterization of carbon black nanoparticle-filled
: : - 2 a o
electroactive electrospun poly(vinyl alcoho!) nanofibers) . N3ny1 : A.A3. WYY ANHA LAY

3#.a3. oy 3and /3 3and 129 mi ISBN 974-9990-06-4

wodimeinovaussde Ivih Ao wedwesimunsonldouglsiamiethodunnialg
de'ldFumsnszduninaun Infniouen qm*‘:%’m{qﬁﬂzﬁmuﬁ'ﬁalﬁﬂumTuﬁ‘
aouauesae IMhnnTagrauszniwed bilausanssed uaznsviuiaur Tuvesmivey
&1 Taoldmsiugidauiimsihudulodrenihadn sansmansamuannsomdomdy
luwed lailaueanosed uazidulowed hafiaupanesedinsviaun Tuveanfuoudwau
oy ldduse Taudulodananiivimdnegluyae 85-647 uaz 169w Tuwasaudrdy
uaﬂmmfuﬁqﬁn1iﬁﬂmnaﬁ1mﬂﬁmhm ﬁﬂdaﬁuﬁnmﬁauui’ﬁasm%’u aN¥MY Loz
vinaveadulodian lnsaihufinion1d Fasznoude anudutuvesmsazats mawion
M150za10R20M I TuB 1TSS ANNANARGR 1FinT oudu e tazszor Tumsituidule
MInMInaasdsnawuhnImdudusesmsazaiw 10 nlesimud lanhmindey3uns
findiih 15 ATaTaad wazszor lumsifudule 15 wufwasiinnumnzaud sl
msinsouduloldinnadauazminaue Sudonaniszdindnlunsmioudulomay
sznianed ilausaneseduazravinau Tuvesnisveust udninduloi ldsanan il
IinsgiifeAnymaveamsidunemiuoudiidednymzuazviiaveudule soude
Tnssadmani Tnssadrawdn nazaumidnennudouveudulodo qameidindule
werusana 1 lAnuindiu 1 18Aee 18 uSaqnouaussde I Tasmsfnuaunia
wananmwlaau i namsnasesuaasIiiiuindulonausznirawed hitauoanesed
uazHIveIm s uouMimiAiFinaia uazamisonoumuesde i 18 Taoliainan

' 4 4 '
s snemsAsgaiuiiiongnioldau Trih



ACKNOWLEDGEMENTS

The author is grateful for the partial scholarship and partial funding of the
thesis work provided by Postgraduate Education and Research Programs in
Petroleum and Petrochemical Technology (PTT Consortium).

The author would like to express his sincere thanks to all instructors who
have imparted invaluable knowledge to him, especially Assoc. Prof. Pitt Supaphol,
and Assoc. Prof. Anuvat Sirivat, his advisors, who alway advised and provided
suggestions throughout this work.

He would also like to give his thankfulness to Asst. Prof. Manit Nithitanakul
and Asst. Prof. Toemsak Srikhirin for being his thesis committee and giving him the
comments and suggestions; and also Dr. Hathaikarn Manuspiya for checking his
thesis format and giving him the suggestions. Moreover, cordial and sincere thanks
are also extended to Asst. Prof. Ratana Rujirawanit, Mr. Robert J. Wright, and Dr.
Thammanoon Sreethawong, college faculties, for their useful advices and
suggestions.

He would like to express his special thanks to all staff members at the
Petroleum and Petrochemical College for providing the indispensable equipment,
instrument training, and super inventions used in this work. Furthermore, he would
like to acknowledge Ph.D. senior students in his research group for their kind
assistants, useful suggestions, and interesting ideas for his thesis work.

Finally, he would like to express his deep gratitude to his parents for their

love, carrying and supporting him at all times.



TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)

Acknowledg-ements

Table of Contents
List of Tables

List of Figures

CHAPTER

1X

I

INTRODUCTION

LITERATURE SURVEY

2.1 Electroactive Polymers (EAPs)

2.2 Poly(Vinyl Alcohol) (PVA)

2.3 Carbon Black (CB)

2.4 Nanofiber and the Effect of Fiber Diameter on
the Strength of Fibers

2.5 Electrospinning Process
2.5.1 Electrospinning of PVA
2.5.2 Electrospinning of Carbon Black Filled

Polymeric Composite Fibers

EXPERIMENTAL
3.1 Matenials
3.2 Preparation of Spinning Solutions

3.2.1 Pnstine PVA Spinning Solutions Preparation

PAGE

iii

Vi

xi

0 N A A

11
12
15

17

18
19
18
18



CHAPTER

v

3.2.2 Dispersion of CB and Preparation of
CB-Load Spinning Solutions

3.2.3 Characterization of Spinning Solutions

3.3 Electrospinning of Nanofibers

3.4 Characterization and Testing
3.4.1 Scanning Electron Microscopy (SEM)
3.4.2 Fourier-Transformed Infrared Spectroscopy (FT-IR)
3.4.3 Thermogravimetric Analyis (TGA)
3.4.4 Electrorheological Properties Investigation
3.4.5 Tensile Properties Investigation
3.4.6 Wide-Angle X-Ray Diffraction (WAXD)

CARBON BLACK NANOPARTICLE-FILLED
ELECTROSPUN POLY(VINYL ALCOHOL)
NANOFIBERS AND THEIR MECHANICAL
AND ELECTRORHEOLOGICAL PROPERTIES
4.1 Abstract
4.2 Introduction
4.3 Experimental
4.3.1 Materals
4.3.2 Preparation of Spinning Solutions
4.3.3 Electrospinning of Nanofibers
4.3.4 Characterization of Pristine and CB-Loaded
as-Spun PVA Nanofiber Mats, and/or CB
4.4 Results and Discussion
4.4.1 Electrospinning of Electrospun Pristine PVA Fibers
4.4.2 Electrospinning of CB-Loaded Electrospun
PVA Fibers (Effect of CB Composition)

18
19
20
22
22
23
24
25
26
27

29
29
30
32
32
32
33

34

35

35

40

Vil

PAGE



CHAPTER

4.4.3 Characterization of CB-Loaded Electrospun
PVA Fibers
4.4.4 Mechanical Properties
4.4.5 Electrorheological Properties
4.5 Conclusions '
4.6 Acknowledgments
4.7 References

4.8 Caption of Figures

CONCLUSIONS
5.1 Conclusions

5.2 Recommendations
REFERENCES

APPENDICES
Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H
Appendix I
Appendix J
Appendix K
Appendix L

viii

PAGE

40
42
42
43
44
45
57

71
71
72

73

78
78
80
81
86
98
101
103
104
109
111
113
118



CHAPTER

CURRICULUM VITAE

1X

PAGE

129



TABLE

2.1

3.1

4.1

42
4.3

4.4

4.5

LIST OF TABLES

CHAPTER 11
General chemical identity and physical properties of

polyvinyl alcohol

CHAPTER IIi

Composition of CB in various CB-loaded spinning solutions

CHAPTER 1V
Composition of CB in various CB-loaded spinning solutions
Some properties of pristine PVA and CB-loaded solutions
Selected optical images illustrate the deposition area of the
as-spun fibers from 6-14% (w/v) PVA solutions. The
applied potentials were varied between 12.5 and 25.0 kV
over a fixed collection distance of 15 cm and the feed flow
rate was 1 ml/hr
Average deposition diameter (cm) of the as-spun fibers from
6-14% (w/v) PVA solutions. The applied potentials were
varied between 12.5 and 25.0 kV over a fixed collection
distance of 15 cm and the feed flow rate was 1 ml/hr
Selected optical images and analyzed diameters (D) of
deposition area of the as-spun fibers from as-prepared-
sonicated 10% (w/v) PVA solutions. The applied potential
was 15 kV over various collection distances in the range of

5-20 cm and the feed flow rate was 1 ml/hr

PAGE

19

49
50

51

52

53



LIST OF FIGURES
FIGURE
CHAPTER 11
2.1  Structural formula for PVA: (a) partially hydrolyzed; (b)

2.2

2.3
24

3.1

3.2

3.3

3.4

3.5
3.6

3.8

fully hydrolyzed.

TEM image shows particle, aggregate, and agglomerate of
carbon black.

The world carbon black consumption by industry.
Schematic diagram shows polymer nanofibers forming by

electrospinning process.

CHAPTER III
Brookfield DV-III programmable viscometer.
Suntex SC 170 conductivity meter.
Experiment set-up for the electrospinning (grounded target
plat collector): (a) a schematic drawing and (b) the real set-
up.
Experiment set-up for the electrospinning (rotating drum
collector).
JEOL JSM-5200 Scanning Electron Microscope (SEM).
Thermo Nicolet Nexus 670 Fourier-transformed infrared
spectroscope (FT-IR).
Perkin Elmer Pyris Diamond thermogravimetric-differential
thermal analyser (TG-DTA).
Equipment for electrorheological properties investigation;
(a) Rheometric Scientific ARES melt rheometer and (b) thin

fiber/film fixture sample holder.

X1

PAGE

10
10

14

19

20

21

22
23

24

25

26



xii

FIGURE PAGE

39

3.10

4.1

4.2

43

4.4

CHAPTER III (Cont.)

Equipment for tensile properties investigation; (a) Lloyd

LRX universal testing machine (b) sample holder. 27
Rigaku X-ray diffractometer. 28
CHAPTER 1V

Selected SEM images of the as-spun fibers from (a) 6, (b) 8,

(¢) 10, (d) 12, and (e) 14% (w/v) PVA solutions. “17, “2”,

and “3” represent the applied potentials of 12.5, 17.5, and

22.5 KV, respectively, over a collection distance of 15 cm.

The feed flow rate of solution was 1 mlhr. Original
magnification = 7,500x and scale bar = | pm. 59
Average diameters (um) of the as-spun fibers from PVA

solutions at concentration of (®) 6, (w) 8, (4) 10, (V¥) 12,

and (*) 14% (w/v). The applied potentials were varied

between 12.5 and 25.0 kV over a fixed collection distance of

15 cm and the feed flow rate was 1 ml/hr. 60
Selected SEM images of the as-spun fibers from sonicated

10% (w/v) PVA solutions. The applied potential was 15 kV

over varied collection distance of (a) 5, (b) 10, (c) 15, and

(d) 20 cm. The feed flow rate was 1 ml/hr. Original
magnification = 7,500x and scale bar = 1 pm. 61
Average diameters (pm) of the as-spun fibers from

sonicated 10% (w/v) PVA solutions. The applied potential

was 15 kV over varied collection distance in the range of 5-

20 cm and the feed flow rate was 1 ml/hr. 62



FIGURE

4.5

4.6

4.7

4.8

4.9

CHAPTER1V (Cont.)
Selected SEM images of the as-spun fibers from sonicated
10% (w/v) PVA solutions which were collected from
distances of (1) 0, (2) 3, (c) 6, (d) 9, and (e) 12 cm far from
the center of deposition area. The applied potential was 15
kV over collection distance of 15 cm. The feed flow rate
was 1 ml/hr. Original magnification = 200x and scale bar =
100 pm.
Average diameters (pm) of the as-spun fibers from
sonicated 10% (w/v) PVA solutions which were collected
from various distances far from the center of deposition
area. The applied potential was 15 kV over collection
distance of 15 cm. The feed flow rate was 1 ml/hr.
Selected SEM images of the as-spun fibers from as-prepared
CB-loaded 10% (w/v) PVA solutions at CB contents of (a)
0,(b) 1, (c) 2, (d) 4, (e) 6, (f) 8, and (g) 10 wt% (base on the
weight of PVA). The applied potential was 15 kV over
collection distance of 15 cm. The feed flow rate was 1
ml/hr. Original magnification = 20kx and scale bar = 1 pm.
TGA thermograms of (a) PVA powder and as-spun pristine
PVA fibers; and (b) CB and as-spun CB-loaded PVA fiber
at various content of CB.
IR spectra of as-spun CB-loaded PVA fibers at various CB

contents.

Xiii

PAGE

63

64

65

66

67



FIGURE

4.10

4.11

4.12

CHAPTER 1V (Cont.)
WAXD patterns of: (a) PVA powder; (b) as-spun PVA
fibers; (c-h) 1, 2, 4, 6, 8, 10 wt% as-spun CB-loaded (base
on weight of PVA) PVA fibers, respectively; and (i) CB
nanoparticles.
Responses of the modulus of as-spun CB-loaded PVA fibers
at various electric field strength and various compositions of
CB, frequency = 1.0 rad/s and strain = 0.3 % at 27°C: (a)
storage modulus [AE'(w)] and (b) loss modulus [AE"(w)].
Responses of the modulus of as-spun CB-loaded PV A fibers
at electric field = 100 V/mm: (a) storage modulus [AE'(w)]
and (b) loss modulus [AE"(w)].

Xiv

PAGE

69

69

70



	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents

