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ABSTRACT
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Jiranun Maneein: Effect o f Process Condition and Solvent System 
on Morphological Appearance o f Electrospun Polystyrene Fibers. 
Thesis Advisors: Asst. Prof. Pitt Supaphol and Asst. Prof. Manit 
Nithitanakul 123 pp. ISBN 974-993-713-9 
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Electrospinning is a process that produces continuous polym er fibers with 
diameters in the sub-micron range through the action o f  a strong electric field applied 
across a needle connected to a syringe containing polymer solution and a collector 
screen. Various polymers have been successfully electrospun into ultrafine fibers in 
recent years, mostly from polymer solutions or melts. But little work was carried out 
to comprehend the effect o f processing conditions and solvent system. In the present 
contribution, morphological appearance o f as-spun polystyrene (PS) fibers was 
investigated in terms o f solvent properties (i.e. molecular weight, boiling point, 
density, dipole moment, dielectric constant, and solubility parameter), solution 
parameters (i.e. concentration, viscosity, conductivity, and surface tension) and 
process parameters (i.e. applied voltage, collection distance, emitting electrode 
polarity, and salt addition). Furthermore, the effect o f  single solvent (i.e. 
dichloroethane (DCE), dimethylformamide (DMF), ethylacetate (EA), and 
methylethylketone (MEK)) and mixed solvent systems on diameter and 
morphological appearance o f the as-spiin fibers were also investigated using 
scanning electron microscope (SEM). Results demonstrated that both the increase in 
the applied voltage and the decrease in the collection distance resulted in an increase 
in the fibers diameter and the morphology changed from beaded fiber to uniform 
fiber structure. In mixed solvent system, the decrease in an average fiber diameter 
could be the result o f a decrease in the viscosity as well as an increase in the 
conductivity with decreasing dimethylformamide content in this system.



V

ACKNOWLEDGEMENTS
The author would like to express her sincere thanks to all instructors who 

have imparted invaluable knowledge to her especially Asst. Prof. Pitt Supaphol, and 
Asst. Prof. M anit Nithitanakul, her advisors, who always advised and provided 
suggestions throughout this work.

She would also like to give her thankfulness to Assoc. Prof. Nantaya 
Yanumet, and Assoc. Prof. Anuvat Sirivat, for being her thesis committee and giving 
her the comments and suggestions.

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 (PPT Consortium), the Thailand Research 
Fund-M aster Research Grant (TRF-MAG), and the Petroleum and Petrochemical 
College, Chulalongkom  University.

She would like to express her special thanks to all her friends at the 
Petroleum and Petrochemical College, Chulalongkom  University, for their help, 
suggestions and encouragement. Furthermore, she would like to acknowledge all 
Ph.D. students for their kind assistants, useful suggestions, and interesting ideas, for 
her thesis work, especially Ms. Chidchanok Mit-uppathum, Ms. Sujinda Jitjaichum, 
and Mr. Teeradech Jarusuwannapoom. In addition, cordial and sincere thanks are 
also extended to all staff members at the Petroleum and Petrochemical College for 
providing the indispensable equipment, instrument training, and superb inventions 
used in this work.

Finally, she would like to express her deep gratitude to her parents for their 
love, carrying and supporting her at all times.



TABLE OF CONTENTS

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

CHAPTER
I INTRODUCTION 1

II LITERATURE SURVEY 3
2.1 Experimental Set-up 3
2.2 Polymer Types 4
2.3 Microstructure and Morphology 6
2.4 Applications 7

III EXPERIMENTAL 9
3.1 M aterials 9
3.2 Preparation o f Spinning Solutions 10
3.3 Electrospinning Set-up • 12
3.4 M orphological Observation 13

IV EFFECT OF PROCESS CONDITION AND SOLVENT
SYSTEM ON MORPHOLOGICAL APPEARANCE OF 
ELECTROSPUN POLYSTYRENE FIBERS 15
4.1 Abstract 15



4.2 Introduction 16
4.3 Experim ental 18
4.4 R esults and D iscussion 20
4.5 C onclusions 32
4.6 A cknow ledgem ents 32
4.7 R eferences 33

V CONCLUSIONS 63
5.1 C onclusions 63
5.2 R ecom m endations 63-

REFERENCES 65

APPENDICES 68
Appendix A Effect o f  applied electrical field strength

(i.e. 1:1, 2:1, and 3:1) on  the fiber
diam eter and electrospinnability . U nder
positive polarity  em itting  electrode 68

Appendix B Effect o f  applied electrical field  strength
(i.e. 1:1, 2:1, and 3:1) on  the fiber
diam eter and electrospinnability . U nder «
negative polarity  em itting  e lectrode 71

Appendix c  Effect o f  applied electrical field strength  
(i.e. 15 kV /10 cm , 20 kV /10 cm , and 25 
kV / 10cm) on the fiber d iam eter and 
electrospinnability. U nder positive  
polarity  polarity  em itting  e lectrode 74

vii

CHAPTER PAGE



Vlll

CHAPTER PAGE

Appendix D Effect o f  applied electrical field strength 
(i.e. 15 kV/10 cm , 20 kV/10 cm , and 25 
kV/10 cm ) on the fiber d iam eter and 
electrospinnability  in m ixed solvent 
system s. U nder positive po larity  em itting  
electrode 77

Appendix E Effect o f  1% (w /v) salt addition  on the 
fiber diam eter. A pplied electrical field 
strength w as 20 kV/15 cm  83

Appendix F SEM  im ages 84

CURRICULUM VITAE 123



IX

LIST OF TABLES

T A B L E  PA G E

C H A P T E R  I I I
3.1 C hrom atogram  o f  PS pellet (685D) 10
3.2 P roperties o f  solvents used in this w ork 10

C H A P T E R  IV
4.1 P roperties o f  solvents used in this w ork 34
4.2 V iscosity  o f  so lvents and as-prepared polystyrene solu tions 38
4.3 Surface tension  o f  solvents and as-prepared polystyrene

solutions 39
4.4 C onductiv ity  o f  solvents and as-prepared polystyrene

solutions 40
4.5 A nalysis o f  IR  spectra o f  as-spun polystyrene fiber 51
4.6 S olution  properties o f  m ixed solvent system s betw een  D M F

and various solvents 59



X

LIST OF FIGURES

FIGURE PAGE

CHAPTER I
1.1 C om parison o f  the annual num ber o f  scientific publications

since the term  o f  “electrospinning” w as in troduced in 1994 2

CHAPTER II
2.1 Proposed use o f  nanofibers that have high porosity  w ith

very  sm all pore sizes as m ilitary  protective clo th ings that 
could  provide good resistance to the penetra tion  o f  
chem ically  harm ful aerosols 8

2.2 P roposed use o f  nanofibrous m aterials as filtering m ed ia  w ith
excellent filtration efficiency 8

CHAPTER III
3.1 W aters D ivision  o f  MELLEPORE (solvent system ), พ aters

150CV 9
3.2 B rookfield  DV-rn program m able v iscom eter (m odel

LVTDCP) 11

3.3 O rion 160 C onductiv ity  m eter 11
3.4 D rop shape analysis system  Krüss m odel num ber D SA 10

M k2 ' 12
3.5 E xperim ental set-up for the electro spinning process o f  PS

solution  13
3.6 Scanning E lectron M icroscope JE O L  JSM -5200 14
3.7 Therm o N icolet N exus 670 Fourier-transform ed infrared

spectroscope (FT-IR) 14



FIGURE

CHAPTER IV
4.1 E xperim ental set-up for the electrospinning process o f  PS 

solution
4.2 (a) E ffect o f  m olecular w eight o f  the solvent on  the 

spinnability . (b), (c), (d), (e), (f), (g), (h), and (i) are the 
effect o f  the boiling  point, density, d ipole m om ent, 
d ielectric constant, d ifferent in so lubility  on the  spinnability  
o f  10% (w /v) PS as a function o f  four type d ifferent 
solvents. A pplied  electrical field w as 25 kV /12.5 cm

4.3 SEM  im ages (at a m agnification o f  500) of: (a-c) 10%; (d-f) 
20% ; (g-i) 30%  (w /v) PS in D C E for effect o f  collection  
distance b y  fixing the applied voltage (i.e. 25 kV /25 cm , 25 
kV /12.5 cm , and 25 kV/8.3 cm ). U nder positive  po larity  o f  
the em itting  electrode and the scale bar show n is for 50 pm

4.4 SEM  im ages (at a m agnification  o f  500) of: (a-c) 10%; (d-f) 
20% ; (g-i) 30%  (w /v) PS in D C E for effect o f  applied 
voltage b y  fixing the collection d istance (i.e. 7 kV /7 cm , 14 
kV /7 cm , and 21 kV /7 cm). U nder positive po larity  o f  the 
em itting  electrode and the scale bar show n is for 50 pm

4.5 SEM  im ages (at a m agnification  o f  500) of: (a-c) 10%; (d-f) 
20% ; (g-i) 30%  (w /v) PS in D M F for effect o f  co llection  
d istance b y  fix ing the applied voltage (i.e. 25 kV /25 cm , 25 
kV /12.5 cm , and 25 kV /8.3 cm ). U nder positive  po larity  o f  
the em itting  electrode and the scale bar show n is for 50 pm



FIGURE

4.6 SEM  im ages (at a m agnification o f  500) of: (a-c) 10%; (d-f) 
20% ; (g-i) 30%  (w /v) PS in D M F for effect o f  applied 
voltage by fixing the collection d istance (i.e. 7 kV /7 cm , 14 
kV /7 cm , and 21 kV /7 cm). U nder positive po larity  o f  the 
em itting  electrode and the scale bar show n is for 50 pm

4.7 SEM  im ages (at a m agnification o f  500) of: (a-c) 10%; (d-f) 
20% ; (g-i) 30%  (w /v) PS in EA  for effect o f  collection  
d istance by fixing the applied voltage (i.e. 25 kV /25 cm , 25 
kV /12.5 cm , and 25 kV/8.3 cm). U nder positive  po larity  o f  
the em itting  electrode and the scale bar show n is for 50 pm

4.8 SEM  im ages (at a m agnification o f  500) of: (a-c) 10%; (d-f) 
20% ; (g-i) 30%  (w /v) PS in EA  system  for effect o f  applied 
voltage by  fix ing the collection d istance (i.e. 7 kV /7 cm , 14 
kV /7 c m , a n d  21 kV /7 cm). U nder positive  po larity  o f  the 
em itting  electrode and the scale bar show n is for 50 pm

4.9 SEM  im ages (at a m agnification o f  500) of: (a-c) 10%; (d-f) 
20% ; (g-i) 30%  (w/v) PS in M E K  system  for effect o f  
collection  d istance by fixing the applied  voltage (i.e. 25 
kV /25 cm , 25 kV /12.5 cm , and 25 kV /8.3 cm ). U nder 
positive  po larity  o f  t he e m itting  e lectrode a nd  t he ร cale b ar

, show n is for 50 pm
4.10 SEM  im ages (at a m agnification o f  500) of: (a-c) 10%; (d-f) 

20% ; (g-i) 30%  (w /v) PS in M E K  system  for effect o f  applied 
voltage by  fix ing the collection distance (i.e. 7 kV /7 cm , 14 
kV /7 c m , a n d  21 kV /7 cm). U nder positive  po larity  o f  the 
em itting  electrode and the scale bar show n is for 50 pm



Xlll

FIGURE PAGE

4.11 Plot of viscosity and surface tension for four type different 
solvents: (a) DCE; (b) DMF; (c) EA; and (d) MEK as a
function of as-prepared PS concentration (%w/v) 49

4.12 IR spectra of as-spun PS fibers from solution of: (a)
10%(w/v) PS in DCE; (b) 30%(w/v) PS in DCE; (c)
10%(w/v) PS in DMF; (d) 30%(w/v) PS in DMF; (e)
10%(w/v) PS in EA; (f) 30%(w/v) PS in EA; (g) 10%(w/v)
PS in MEK; and (h) 30%(w/v) PS in MEK. Applied 
electrical filed strength was 25 kV/8.3 cm 50

4.13 Effect of applied voltage by fixing the collection distance
(i.e. 7 kV/7 cm, 14 kV/7 cm, and 21 kV/7 cm) on the fiber 
diameter o f  PS at 1 0%, 2 0%, and 30% (w/v) in four type 
different solvents. Under positive polarity of the emitting 
electrode 52

4.14 Effect of collection distance by fixing the applied voltage 
(i.e. 25 kV/25 cm, 25 kV/12.5 cm, and 25 kV/8.3 cm) on the 
fiber diameter of PS at 10%, 20%, and 30% (w/v) in four 
type different solvents. Under positive polarity of the
emitting electrode 53

4.15 Effect o f applied voltage by fixing the collection distance
(i.e. 7 kV/7 cm, 14 kV/7 cm, and 21 kV/7 cm) on the fiber 
diameter o f  PS at 1 0%, 2 0%, and 30% (w/v) in four type 
different solvents. Under negative polarity of the emitting 
electrode 54



FIGURE

4.16 Effect o f collection distance by fixing the applied voltage 
(i.e. 25 kV/25 cm, 25 kV/12.5 cm, and 25 kV/8.3 cm) on the 
fiber diameter of PS at 10%, 20%, and 30% (w/v) in four 
type different solvents. Under negative polarity of the 
emitting electrode

4.17 Effect of salt on: (a) viscosity; (b) conductivity; and (c) 
surface tension

4.18 SEM images of as-spun fibers from: (a-c) 30% (w/v) 
PS/DMF; (d-f) 30% (w/v) PS/DMF:DCE(75/25); (g-i) 30% 
(w/v) PS/DMF:EA(75/25); (j-1) 30%(w/v) PS/DMF:MEK 
(75/25) with (b, e, h, k) 1% (w/v) of LiCl; (c, f, i, 1) 1% w/v 
of KC1. Applied electrical field was 20 kV/15 cm and the 
scale bar shown is for 50 pm

4.19 Fiber diameter of as-spun fibers from 30% (w/v) PS 
solution in various types of solvent with added 1% (w/v) 
salt. Applied electrical field was 21 kV/7 cm

4.20 SEM images of as-spun fibers obtained from PS solutions at 
10%, 20%, and 30% (w/v) in a mixed solvent of DMF and 
DCE in various volumetric ratios: a) 100/0; b) 75/25; c) 
50/50; d) 25/75; and e) 0/100. Applied electrical field was 
20 kV/10 cm and the scale bar shown is for 50 pm

4.21 SEM images of as-spun fibers obtained from PS solutions at 
10%, 20%, and 30% (w/v) in a mixed solvent of DMF and 
EA in various volumetric ratios: a) 100/0; b) 75/25; c) 
50/50; d) 25/75; and e) 0/100. Applied electrical field was 
20 kV/10 cm and the scale bar shown is for 50 pm



XV

FIGURE PAGE

4.22 SEM images of as-spun fibers obtained from PS solutions at 
10%, 20%, and 30% (w/v) in a mixed solvent o f DMF and 
MEK in various volumetric ratios a) 100/0; b) 75/25; c)
50/50; d) 25/75; and e) 0/100. Applied electrical field was
20 kV/10 cm and the scale bar shown is for 50 pm 62


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



