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ABSTRACT

Electrospinning or electrostatic spinning is a process by which a high
electrical potential is applied to a polymer solution to jet out fibers from needle to
collector plate with diameters in the sub-micrometer down to nanometer ranges. In
this research work, effects of various solution parameters (such as concentration,
electrical conductivity and solvent system) and process parameters (such as applied
voltage and distance from needle to collector plate) on morphological appearance and
average sizes of electrospun cellulose acetate fibers were investigated using scanning
electron microscope (SEM). For the investigation of solution parameters based on
solution properties, it was found that these properties were important factors on
morphology and the diameter of the fibers obtained. The lower the concentration, the
smaller the diameter of fibers. For process parameters, the morphological appearance
and the diameter between fibers obtained from higher or lower applied voltage were
different. The electrospun fibers from higher applied voltage had bigger diameter than
those of lower applied voltage. Swelling test showed a‘minor effect to the CA
ultrafine fibers.

Finally, in this research, it was found that the optimum conditions for CA
electrospinning process were 16% w/v with 12 kV by controlling the solvent ratio of
2:1 (acetone:DMAC).
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CHAPTER 1
INTRODUCTION

1.1 Background

Ultrafine fiber is an exciting new class of materials used for several value-
added applications such as medical, filtration, barrier, wipes, personal care,
composite, garments, insulation and energy storage. Special properties of nanofibers
make them suitable for a wide range of applications from medical to consumer
products and industrial to high-tech applications for aerospace, capacitors, transistors,
drug delivery systems, battery separators, energy storage, fuel cells and information
technology [1,2]. Ultrafine fibers produced by electrospinning technology come from
polymer solutions. The polymer used is the most important parameter that defines the

properties of the final ultrafine fibrous fabric [3].

Electrospinning is a technique to spin polymer fibers with diameter in
nanometer scales by using electrical field to apply both polymer solution and a
collector plate to force a polymer jet out of the needle tip during spinning. For
electrospinning of polymer fibers to have diameter in nanometer scale, some
parameters must be concerned such as applied voltage, polymer solution
concentration, distance between needle tip and collector plate and also electrical

conductivity of polymer solution [4].

Cellulose acetate (CA) is derived from cellulose by deconstructing wood pulp
into a purified fluffy white cellulose. The cellulose is then reacted with acetic acid and
acetic anhydride in the presence of sulfuric acid. It is then put through a controlled,
partial hydrolysis to remove the sulfate and a sufficient number of acetate groups to
give the product the desired properties. The anhydroglucose unit is the fundamental
repeating structure of cellulose and has three hydroxyl groups which can react to form
acetate esters. The most common form of cellulose acetate fiber has an acetate group
on approximately two of every three hydroxyls. This cellulose diacetate is known as

secondary acetate, or simply as "acetate" [S].



Cellulose acetate (CA) is an amorphous thermoplastic material in cellulosic
resin family. It is obtained by introducing the acetyl radicals of acetic acid into
cellulose (as cotton or wood fibers) to produce a tough plastic material.

Cellulose acetate has been widely used as a base for photographic and motion

picture film, microfilm, aerial film, transparent overlays and for sound recording [6].

1.2  Objectives

1. To prepare cellulose acetate (CA) ultrafine fibers by using electrospinning
technique.

2. To study some properties of the prepared CA ultrafine fibers including
physical and morphological properties.

1.3  Scopes of Study

1. Literature reviews of the theory and publication involved this research.

2. To study some factors affecting the electrospinning process such as
concentration of polymer solution, amount of voltage, the distance between needle
tip and collector plate, and also electrical conductivity of polymer solution.

3. To characterize the properties of the fibers, such as fiber diameters,

swelling, and weight loss.

1.4 Expected Results

1. To gain appropriate conditions in preparing CA ultrafine fibers with
electrospinning technique.
2. Knowledge and findings in this work can be applied to use in other

applications such as drug delivery, membrane and synthesized membrane.



CHAPTER 2
THEORY AND LITERATURE REVIEWS

2.1 Electrospinning Process

Nanofibers are polymer fibers that having diameters of less than one micron or
less in the nanoscales. When the diameters of polymer fiber materials are down from
micrometers (10°m) to nanometers (10°mm), they appear to have several amazing
characteristics such as very large surface area to volume ratio, flexibility in surface
functionalities, and superior mechanical performance (e.g. stiffness and tensile
strength) compared with other materials. These outstanding properties make the
polymer nanofibers to be optimal candidates for many important applications such as
medical and filtration applications. An electrospinning technique has been used to

produce polymer nanofibers.

Electrospinning is the process that using electrostatic force to generate the fine
filament. The electrospinning set up is shown in Figure 2.1 which consists of an
adjustable DC power supply for applying the voltage, a syringe is connected to a
stainless steel needle using a teflon tube having an inner diameter of 1.0 mm, and

collector wrapped with aluminum foil [6].

In the electrospinning process a high voltage is used to create an electrically
charged jet of polymer solution or melt, which dries or solidifies to leave polymer
fibers. One electrode is placed into the spinning solution/melt and the other attached
to a collector. Electric field is subjected to the end of a capillary tube that contains the
polymer fluid held by its surface tension. This induces a charge on the surface of the
liquid. Mutual charge repulsion causes a force directly opposite to the surface tension.
As the intensity of the electric field is increased, the hemispherical surface of the fluid
at the tip of the capillary tube elongates to form a conical shape known as the Taylor
cone. With increasing field, a critical value is attained when the repulsive electrostatic
force overcomes the surface tension and a charged jet of fluid is ejected from the tip

of the Taylor cone. The discharged polymer solution jet undergoes a whipping
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2.2.2 Biomedical Application

-Medical prostheses

Polymer nanofibers fabricated via electrospinning have been proposed for a
number of soft tissue prostheses applications such as blood vessel, vascular, breast,
etc [18-24]. In addition, electrospun biocompatible polymer nanofibers can also be
deposited as a thin porous film onto a hard tissue prosthetic device designed to be
implanted into the human body [25-28]. This coating film with gradient fibrous
structure works as an interphase between the prosthetic device and the host tissues,
and is expected to efficiently reduce the stiffness mismatch at the tissue/device

interphase and hence prevent the device failure after the implantation [14].

-Tissue template

For the treatment of tissues or organs in malfunction in a human body, human
cells can attach and organize well around fibers with diameters smaller than those of
the cells. In this regard, nanoscale fibrous scaffolds can provide an optimal template

for cells to seed, migrate, and grow [29].

- Wound dressing

Polymer nanofibers can also be used for the treatment of wounds or burns of a
human skin, as well as designed for haemostatic devices with some unique
characteristics. With the aid of electric field, fine fibers of biodegradable polymers
can be directly sprayed/spun onto the injured location of skin to form a fibrous mat
dressing which can let wounds heal by encouraging the formation of normal skin
growth and eliminate the formation of scar tissue which would occur in a traditional

treatment [30-33].

- Drug delivery and pharmaceutical composition

In general, the smaller the dimensions of the drug and the coating material
required to encapsulate the drug, the better the drug to be absorbed by human being.

Drug delivery with polymer nanofibers is based on the principle that dissolution rate



of a particulate drug increases with increasing surface area of both the drug and the

corresponding carrier if needed [34].
2.2.3 Protective Clothing Application

The protective clothing in military is mostly expected to help maximize the
survivability, sustainability, and combat effectiveness of the individual soldier system
against extreme weather conditions, ballistics, and NBC (nuclear, biological, and
chemical) warfare [35]. Electrospinning results in nanofibers laid down in a layer that
has high porosity but very small pore size, providing good resistance to the

penetration of chemical harm agents in aerosol form [36].

2.3 Cellulose Acetate

Cellulose acetate (CA) is used for transparent, translucent and opaque objects
(e.g. typewriter keys, calculators, switches, car wheel coverings).

Furthermore, it is especially suitable for coatings applications requiring high
melting-point, toughness, clarity, and good resistance to ultraviolet light, chemicals,
oils, and greases.

Cellulose acetate is an amorphous thermoplastic material belonging to the
cellulosic resin family. It is obtained by introducing the acetyl radical of acetic acid
into cellulose (as cotton or wood fibers) to produce a tough plastic material [6].

Cellulose acetate is manufactured by reacting cellulose with acetic anhydride
using sulfuric acid as a catalyst. This slow burning base material is frequently used for
motion picture films and in sheet form for overlay cells in animation.

o}
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CHZ- o-Cc- CHG
links to other (o)
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Figure 2.5 Structure of cellulose acetate
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Cellulose will react under anhydrous conditions, in the presence of an acid
catalyst, with acetic anhydride to form cellulose triacetate according to the following

simplified equation:

OH
CgH;0, [['O'H' + 3n (CH3CO);0
"OH ‘N
H2S04
Y
B OOCCH;
CgH7O5. l'IOOCCHG' + 3n CH;COOH
. OQCCHj; | K
Cellulose Triacetate Acetic Acid

. Figure 2.6 The mechanism of cellulose acetate

The fully acetylated cellulose triacetate is then hydrolyzed to give cellulose

acetate according to the following simplified equation [37].
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Literature Reviews

Na Yu, Shao Changlu, Liu Yichun, Guan Hongyu, Yang Xinghua [38] found
a method for making inorganic nanofibers by combining sol-gel processing with
electrospinning technique. Extrathin fibers of poly(vinyl alcohol) (PVA)/lithium
chloride/manganese acetate composite fibers were prepared. After calcination of the
precursor fibers at 600 °C, the spinel lithiummanganese oxide (LiMn;04) nanofibers
with a diameter of 100-200 nm, were successfully obtained. The fibers were
investigated by TG-DTA, XRD, FT-IR, and SEM, respectively. The results showed
that the crystalline phase and morphology of the fibers were largely influenced by the
calcination temperature. One of the attractive features associated with this method
was that the obtained nanofiber mats possessed high surface areas and small pore
sizes. The electrospun nanofibers of LiMn,O4 was described in order to obtain a kind
of material with improved electrode properties due to its high surface area and 1D

(Quasi-one-dimensional) nanostructural properties.

Guan Hongyu, Shao Changlu, Liu Yichun, Na Yu, Yang. Xinghua [39]
prepared electrospun nanofibers of NiCo,04 to improve its electrocatalytic. The
spinel NiCo;04 nanofibers with diameters of 50-100 nm were prepared by high
temperature calcinations of simple inorganic-polymer composite fibers, which were
obtained by e‘lectrospinning of the PVA/cobalt acetate/nickel acetate composite
precursor. The crystallinity, purity, and surface morphology of the as-prepared

NiCo,04 nanofibers were investigated by XRD, FT-IR, SEM, respectively.

Yanga Xinghua, ShaoChanglu, Liua Yichun, Mub Rixiang, Guana Hongyu
[40] studied thin polyvinyl alcohol/cerium nitrate composite fibers which were
prepared by using sol—gel processing and electrospinning technique. This method was
used to obtain nanofiber mats with high surface areas and small pore sizes which are
beneficial in a variety of applications. After calcinations of the above precursor fibers,
CeO; nanofibers with a diameter of 50—150 nm were successfully obtained. The fibers
were characterized by Raman spectroscopy, thermogravimetric analysis, differential
thermal analysis, X-ray diffraction, Fourier transform infrared spectroscopy and

scanning electron microscopy. In this work, nanofibers of CeO, with improved
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catalytic activity and storage capacity due to its high surface areas and small pore

sizes were prepared.

Kim Bumsu, Park Hyun, Lee Sung-Hwan, M.Wolfgang Sigmund [41] studied
poly(acrylic acid) (PAA) nanofibers fabricated by electrospinning into NaCl solution.
Effects of the ionic strength of NaCl on the morphology of PAA nanofibers was
investigated. The smallest diameter of the PAA nanofiber was prepared with 0.01 M
NaCl PAA solutions. At the concentration 1 M NaCl, PAA nanofibers could not be
fabricated. The viscosity and conductivity changes were measured with changing the
concentration of NaCl. It was suggested that diameter variations may be caused by
conductivity and polymer chain conformation changes with varying the concentration
of NaCl.

N. Dharmaraj, H.C. Park, C.K. Kim, H.Y. Kim, D.R. Lee [42] described the
preparation and characterization of nickel titanate nanofibers produced by the
calcination of nickel titanate/PV Ac composite fibers obtained through electrospinning.
Nickel titanate/poly(vinyl acetate) (PVAc) composite nanofibers were prepared by
sol—gel processing and electrospinning technique. Rhombohedral nickel titanate fibers
with 150-200 nm diameter were obtained by high temperature calcination of the
composite fibers. Structural, morphological and crystalline phase features of
electrospun NiTiOs fibers were studied by SEM, AFM, XRD and FT-IR. The fibrous

nature of nickel tiatanate was stable even after calcination at 1273 K.

Yu Wang, Serrano Santiago, J. Jorge Santiago-Avile’s [43] studied Raman
characterization of eletrospun carbon nanofibers Ultrafine fibers spun from
polyacrylonitrile (PAN)/N,N-dimethyl formamide (DMF) precursor solution using a
homemade electrospinning setup, and then pyrolyzed in vacuum at 873, 1073, 1273
and 1473 K, respectively. The pyrolyzed fibers, with diameter of the order of 100 nm
as revealed by a scanning electron microscope (SEM), were characterized using
Raman microspectrometry. Their Raman scattering spectra manifested D and G
peaks, characteristic of disordered carbon and graphite, respectively. PAN-based
carbon nanofibers were prepared by electrostatic deposition and subsequent vacuum
pyrolysis. Raman characterization revealed D and G peaks, characteristic of the

disordered carbon and graphite in the nanofibers. The graphitic crystallite size and
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mole fraction were estimated between 1.5 and 2.6 nm, and between 0.25 and 0.37,
respectively, both increasing with the pyrolyzing temperature. The graphite mole
fraction was found to obey an Arrhenius relation: xg = xo exp(-Q/RT), where x¢ =

0:691 + 0:081 and Q = 7360 + 110 J/mol.

Changlu Shao, Xinghua Yang, Hongyu Guan, Yichun Liu, Jian Gong [44]
studied nanofibers of PVA/nickel acetate/zinc acetate composite prepared by using
sol-gel processing and electrospinning technique. By high temperature calcinations of
the above precursor fibers, nanofibers of NiO/ZnO composite with diameters of 50—
150 nm could be successfully obtained. The fibers were characterized by TG/DTA,
IR, XRD and SEM. The results showed that the crystallinity and the morphology of
the fibers were largely influenced by the calcination temperature. Nanofibers of
NiO/ZnO composite with diameters of 50-150 nm were prepared by using sol-gel
processing and electrospinning technique. This route might open a new door to make
nanofibers of mixed metal oxide composite. By modifying the parameters of sol-gel
or electrospinning processing, one could also expect to be able to make nanofibers of

composite materials with smaller diameter.

Changlu Shao, Hongyu Guan, Yichun Liu, Xiliang Li, and Xinghua Yang [45]
prepared Mn,0; and Mn304 nanofibers via an electrospinning technique. Electrospun
fibers of PVA/manganese acetate composite by using sol-gel processing and
electrospinning technique were studied. Nanofibers of Mn;O; and Mn;O4 were
obtained by calcinations of the precursor fibers under different temperatures. After
calcinations of the above precursor fibers, Mn;O; and Mn3O4 nanofibers with a
diameter of 50-200 nm could be successfully obtained. The fibers were characterized
by TG-DTA, Scanning electron microscopy, FT-IR, WAXD, respectively. The results
showed that the crystalline phase and morphology of nanofibers were largely

influenced by the calcination temperature.

Periasamy Viswanathamurthi, Narayan Bhattarai, Hak Yong Kim, Douk Rae
Lee [46] studied about vanadium pentoxide nanofibers by electrospinning. New
vanadate fibers with submicron diameters were prepared by electrospinning using
vanadium sol and poly(vinylacetate) (PVAC) solutions followed by thermal
treatment. The fibers were characterized by SEM, AFM, XRD and IR spectra.
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Yuh Junhan, C.Juan Nino and M.Wolfgang Sigmund [47] synthesized barium
titanate nanofibers with perovskite structure by electrospinning. Solution—gel as
precursors was utilized along with high molecular weight polymers yielding
electrospun nanofibers that was dried and annealed. After that polycrystalline barium
titanate fibers was obtained after annealing at 750 °C for 1 h. Typical fiber
morphology was 80-190 nm in diameter and over 0.1 mm in length. In this
experiment morphologies and dimensions of nanofibers to analyze the microstructure
and crystal structure of the nanofibers were studied. In this experiment they
demonstrated that the electrospinning technique offered a simple and versatile method

for synthesizing long nanofibers of complex ferroelectric ceramics.

Zuwei Ma, M. Kotaki and S. Ramakrishna [48] studied the feasibility of
applying cellulose nanofiber membrane prepared by .electrospinning as affinity
membrane. Cellulose acetate (CA) solution (0.16 g/ml) in a mixture solvent of
acetone/DMF/trifluoroethylene (3:1:1) was electrospun into nonwoven fiber mesh
with the fiber diameter ranging from 200 nm to 1 um. CA nanofiber mesh was heated
under 208 °C for 1 h to improve structural integrity and mechanical strength, and then
treated in 0.1 M NaOH solution in H;O/ethanol (4:1) for 24 h to obtain regenerated
cellulose (RC) nanofiber mesh. The RC nanofiber membrane was further surface
functionalized with Cibacron Blue F3GA (CB), a general affinity dye ligand for
separation of many biomolecules. Chemical and physical properties of the materials
were characterized by SEM, DSC and ATR-FTIR. Water filtration properties of the
novel RC membrane were studied and compared with a commercial micro-filtration
membrane. The CB derived RC nanofiber membrane has a CB content of 130 umol/g,
and capture capacity of 13 mg/g for bovine serum albumin (BSA) and 4 mg/g for
bilirubin. The membrane showed reusability after regeneration with elution buffer.
Dynamic adsorption of BSA on the nanofiber membrane was studied by breakthrough

curve measurements.
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CHAPTER 3
EXPERIMENTAL DETAILS

This work can be divided into 4 parts:
Part 1 Effects of concentration and viscosity of cellulose acetate solution

First, cellulose acetate solutions in 2:1 (acetone:DMAc) solvent with different
concentrations of 12, 14, 16, 18 and 20% w/v were prepared. Each solution was
measured the viscosity, conductivity and surface tension by viscometer, conductivity
meter and tensiometer.

After that, all of solutions were spun by electrospinning process for 10
minutes by giving the fix distance between needle tip and collector (15 cm) and
applied voltage is constant (12 kV). Finally, morphology of the fibers was studied by
using SEM.

Part 2 Effects of the applied voltage

From Part 1, the scanning electron micrographs of CA electrospun mats at
every concentrations were compared. It was found that, at 16% w/v concentration of
cellulose acetate solutions can be produced the smallest diameter without beads.

Choosing 16% w/v CA in 2:1 (acetone: DMAc), the best condition to produce
electrospun mats to study the applied voltage.

First, cellulose acetate solution in (2:1) acetone:DMACc solvent at 16% w/v
was prepared. Then, the viscosity, conductivity and surface tension were measured.
After that, 8, 12, 16, 20 and 24 kV of voltage were applied to solutions. And then, all
of solutions were spun by electrospinning process for 10 minutes by giving the same
distance between needle tip and collector (15 cm) with Part 1. Finally, morphology of
the fibers were studied by using SEM.

Part 3 Effects of solvent system

First, the different ratios of (acetone:DMAc) solvent are 1:1 and 3:1 were

prepared. After that, 16% w/v concentration of cellulose acetate solution was
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prepared. Then, the viscosity, conductivity and surface tension were measured. And
all of solutions were spun by electrospinning process for 10 minutes by giving the
applied voltage is constant (12 kV). Finally, morphology of the fibers were studied by
using SEM.

Part 4 Study of swelling

First, electrospun mats from part 1 to 3 were immerged into distilled water for
24 hours. And then, the swelling of cellulose acetate electrospun mats were observed
at room temperature. Finally, the degree of swelling and percent of weight loss were

calculated.
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3.1 Flow Chart

Preparation of cellulose acetate solution

Measurement of viscosity, conductivity and
surface tension

Electrospinning process

Ultrafine fibers

| }

Observation by scanning electron Swelling test
microscopy

Figure 3.1 Diagram of this research

46674
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3.2 Chemicals

1. Cellulose acetate, (acetyl content: 39.8%, molecular weight: 30000 (GPC),
was purchased from Aldrich Chemical Co.

2. Dimethylacetamide (DMACc) with analytical grade from Lab Scan Company

3. Acetone with analytical grade from Carloerba Co., 1td

4. Distilled water

3.3 Equipments

Beaker

Stirrer

5 ml syringe

Aluminuim foil

Oven

Balance (Model TC-254 by Denver Instrument Company)

High voltage power supply (MODEL D-ES 30 PN/M629, Gamma High
Voltage Research)

NSV kW=

o <]

Nozzle

9. Collector

10. Scanning electron microscope (LEO 1455 VP from LEO electron Microscope
Company)

11. Viscometer (Brookfield DV-III programmable viscometer)

12. Tensiometer (scs Sciencific)

13. Conductivity meter (1.04k, 4130 JENWAY)

3.4 Procedure

1. Preparation of cellulose acetate solution
1.1 Dissolve the cellulose acetate powder with 12, 14, 16, 18 and
20% w/v concentration in acetone/DMAc solvent (Part 1) and
16% w/v concentration in acetone/DMACc solvent (Part 2 and 3)

1.2 Stir the solution until homogeneously.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



20

Part 3 Effects of solvent system

Using different solvent ratios (acetone:DMACc) by varying amount of

ratios are 1:1, 2:1 and 3:1 and apply 12 kV of voltage to 16% w/v

concentration of cellulose acetate solution for 10 minutes.

Part 4 Study of swelling

Weigh the electrospun mats
Immerge the electrospun mats into distilled water for 24 hours at
room temperature

Calculate the degree of swelling

S (%) = [(W¢- Wo) / W] x100

W, = Final weight of electrospun mat

Wy = Initial weight of electrospun mat

4. Dry the electrospun mat in the oven at 50°C for 1 day

5. Weigh the dried eletrospun mat again

6. Calculate the percent of weight loss

Weight loss(%) = [(Wo- W,) / W] x100

Wy = Initial weight of dry electrospun mat
W, = Final weight of dry electrospun mat

3. Preparation of electrospun mat for observing morphology by scanning electron

microscope (SEM)
3.1  Cut the electrospun mat on the aluminium foil into square shape
3.2  Place the electrospun mat on the stub
33 Coat the electrospun with gold
34  SEM analysis

4. Measurement the diameter of electrospun

4.1
4.2

Using Semafore® 4 measures diameter of each fiber

Calculate the average and standard deviation of electrospun
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Effects of concentration and viscosity of cellulose acetate

Solution

In the electrospinning from a polymer solution, various solution properties
affect morphology of the obtained fibers. Some of these properties include solution
concentration, viscosity, conductivity and surface tension. So properties of each
solution should be studied.

It has been shown to some extents that the solution properties (i.e., viscosity,
conductivity and surface tension) play an important role in the morphological
appearance of the obtained electrospun cellulose acetate ultrafine fibers, cellulose
acetate solution in the range of 12 to 20 %w/v were characterized for their viscosities,
surface tensions and conductivity values. It was found that the viscosity value of the
solution was found to tremendously increase from 260 to 928 cP with increasing
cellulose acetate concentration from 14 to 20 %w/v. At 12 %w/v the viscosity cannot
be measured because it had too low concentration. The surface tensions and
conductivity values were found to quite constant.

Qualitatively, at viscosities lower than 260 cP, the results showed that when
the concentrations of the solution less than 12% w/v only droplets were presented. In
electrospinning process, the viscosity of solution plays an important role in
determining the range of concentrations from which continuous fibers can be
obtained.

The formation of the droplets can be described based on the analysis of forces
acting on small segment of a charge jet. In this case, six types of forces were
considered, i.e., 1) body or gravitational force, 2) electrostatic force which carries the
charged jet from the nozzle to the target, 3) coulombic repulsion force which tries to
push apart adjacent charged species being present within the jet segment and is
responsible for the stretching of the charged jet during its flight to the target,

4) viscoelastic force which tries to prevent the charged jet from being stretched,
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5) surface tension which also acts against the stretching of the surface of the charged
jet, 6) drag force from the friction between the charged jet and the surrounding air.

The interplay between three most important forces being responsible for the
formation of elongated jet was considered, i.e., coulombic force, viscoelastic force
and surface tension. At the low viscosity values, the viscoelastic force was
comparatively smaller than the coulombic force. This resulted in the over-stretching
of charged jet, hence, the break-up of charged jet into many small spherical droplets
(so called “beads”) as a result of the viscosity. On the contrary, for solutions of higher
viscosity, the viscoelastic force became larger in comparison with the coulombic force
(due mainly to the increased number of chain entanglements). The increase in the
viscoelastic force was sufficient to prevent a charged jet from breaking up into small
droplets and to allow the electrostatic stress to further elongate the jet which finally
thin down the diameter of the jet tremendously.

The relationship between the solution viscosity and the solution concentration
for cellulose acetate solution could be approximated with an exponential growth
equation as shown in Figure 4.1. The selection of the exponential growth equation to
describe the data was based solely on the quality of the fitting that the equation
provided.

1000 -+
900 4
800 -
700 ~
600
500 ~
400 4
300 +
200 -
100 -

0 1 v ¥ L) L] L

10% 12% 14% 16% 18% 20% 22%

Concentration (% w/v)

Viscosity (cP)

Figure 4.1 Graph between viscosity and concentration of cellulose acetate solution
in 2:1 solvent ratio (acetone:DMAC)

(For the concentration at 12% of cellulose acetate cannot be measured)
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The surface tension values for solutions of cellulose acetate were found to
monotonically increase but slightly with increasing cellulose acetate concentration.
Specifically, the values for all of the solution investigated were found in range

between 28 to 30 mN/m (see in Figure 4.2).

33 ~
32 -
31 A
30 4
29 4
28 4

Surface tension (mN/m)

27 1
26 1

25 1 4 L L LJ ] L}
10% 12% 14% 16% 18% 20% 22%

Concentration (%ow/v)

Figure 4.2 Graph between surface tension and concentration of cellulose acetate

solution in 2:1 solvent ratio (acetone:DMAc)

The conductivity value for solutions of cellulose acetate were found to
decrease initially to reach a minimum at a concentration of 14% w/v and increase with
further increase in the concentration solutions. Specifically, the value for all of the

solutions studied ranges between 4.81 and 4.60 mS/cm.
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Conductivity (mS/cm)

2 T T | E— T T
10% 12% 14% 16% 18% 20%

Concentration (%ow/v)

Figure 4.3 Graph between conductivity and concentration of cellulose acetate

solution in 2:] ratio of solvent (acetone:DMAC)

The results obtained illustrate that an increase in the cellulose acetate
concentration resulted in a significant increase in the viscosity, a slight increase in the
surface tension and conductivity of the solution and the viscosity of the resulting the
solution increased at appreciably with increasing chains entanglement of the dissolved
polymer. Both of surface tension and the conductivity values were relatively less
affected. The significant increase in the viscosity of the solutions with increasing
cellulose acetate concentration is obviously due to the increased molecular

entanglements.
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