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Abstract— This paper explores the effect of solution and
electrospinning parameters on the morphology, mechanical
properties and surface characteristics of Polyacrylonitrile (PAN)
electrospun nanofiber mats. PAN/DMF (Dimethylformamide)
solutions with different concentrations were electrospun under
various parameters. The results show that the average fiber
diameter increase from 208 nm to 881 nm with an increase in
PAN concentration from 6 wt% to 12 wt%. Feed rate has
inconsistent trend on the fiber diameter; however with increasing
feed rate from 0.8 mi/hr to 1.4 mi/hr, the average fiber diameter
more than doubledfrom400nm to 895nm. Average fiber diameter
decreased dlightly from 383 nm to 332 nm up to a certain
threshold value of voltage, and then increased significantly to 750
nm when voltage was increased beyond this threshold. Somewhat
surprisingly, when the distance between needle tip and collector
was increased from 100mm to 150 mm, average fiber diameter
increased almost four times (200 to 750 nm).Increasing the needle
diameter was found to decrease average fiber diameter and has a
direct effect on Taylor cone shape and jet length. Theincreasein
PAN concentration from 6 to 12% increased the tensile strength,
failure strength and ductility of electrospun nanofiber mats by
346%, 229% and 504%, respectively. PAN concentrations have a
significant effect on the wettability of the nanofiber mats as
determined by the contact angle measurements. The electrospun
mats became increasingly more hydrophobic with increase in
PAN concentration.

Index Terms—PAN, electrospinning, nanofiber morphology,
solution and process variables, mat.
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[. INTRODUCTION

Electrospinning is considered as the most poweefthinique
to produce micro- and nanofibers [1],[2]. The nomeo
ultrafine fiber mats find applications in a vasinga of
engineering, biomedical and industrial fields suek
membrane technology [3], filtration media [4],[5],
energy-related needs (harvesting, transmitting stodage),
tissue engineering [6]-[8], medical prostheses [@iug
delivery [10]-[12], and wound healing [11], [1814]. Fibers
required in such applications may be produced byyma
techniques. Of these, electrospinning is a paditykimple,
low cost and versatile method. Furthermore, thiscess
gives a better flexibility in controlling the poresumat
characteristic properties such as fiber diamet@mgty and
fibers alignment. During electrospinning, a conidhiid
structure called the Taylor cone[15] formed at tipeof the
needle. The Taylor cone is an important feature
electrospinning as it allows the polymer solutioridave the
tip of the needle and drawn rather down to a mumaller
fiber diameter. This requires a critical voltagewdtich the
repulsive force of the charged polymer overcomessthface
tension of the solution and a charged jet erupt® fthe tip of
the Taylor cone. A phenomenon called Rayleigh bikta
occurs if the applied voltage is not high enougidear such a
condition the jet will break up into droplets. lfet voltage is
sufficiently high, a stable jet will form near thip of the
Taylor cone. Beyond the stable region, the jetuisject to
bending instability[16], that results in the polymieeing
deposited on the grounded collector via a whipping
motion[17]. These stable shapes result only fromilibgium

of the electric forces and surface tension in thges of in
viscid, Newtonian and viscoelastic liquids[18]. Thes a
multitude of process parameters that control thecsiral
morphology, size, geometry and physical and mechéhni
properties of electrospun fibers. Fabrication aésth fine
fibers require careful consideration and controlvafious
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chamber). Almost any soluble polymer can be elspua if
its molecular weight is high enough. By approphate
selecting these parameters, wide range of mateémniglsding
natural polymers, polymer blends, ceramic precsrsord
metal or metal oxides have been electrospun irfbonguon
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and nanofibers to produce different fiber morph@egsuch Il. EXPERIMENTAL PROCEDURE
as beaded [19],[20], ribbon [20],[21], porous [223], ,
core—shell [23], and aligned [24] fibers. Seveedaarchers A. Materials

have investigated the effect of solution[25], [26d process Polyacrylonitrile (PAN) having Mw =150,000g/mol and
parameters [25], and found that polymer concelinati density of 1.184 g/cc was supplied from Sigma AldriN,
viscosity and solution conductivity play importaate on the N-Dimethylformamide (DMF) having density of 0.948m13
outcome of electrospinning. C.Henriques et al. [2&ve supplied from Alfa Aesar was used as a solventigeaive
found that a low concentration the solution led the PAN. Different concentrations 6, 8, 10 and 12% Vjt/of

formation of beaded fibers where as an intermediaRAN-DMF solutions were prepared by magneticallyristg

concentration yielded good quality fibers. HazintHaroosh
et al. [27], studied the effect a solution viscpsind
conductivity and suggested that the viscosity ofymer
solution played a dominant role when compared ¢gatgdtal
conductivity of solution. Amir Houshang at el. [26bund
that solution concentration is an important paramétbat
affects the homogeneity of nanoweb and evenneadisioieter
of spun nanofiber. In the recent past, many stutke® been
conducted to evaluate and understand the effepraifess
parameters on the morphology of electrospun fiteerd
porous mats. These studies help to some extendduiot
elucidate how exactly the process parameters aftfeet
morphology of the mats. For example, it has be@onted
that increasing spinning voltage increases the filmmeters
of poly vinyl alcohol (PVA) [28], whereas Wannatoatal.
[29], found that the diameter of electrospun pglyete (PS)
initially decreases with increasing voltage to #aia value,
then increases with increasing the voltage. Anathportant
electrospinning process parameter is the needletdip
collector distance (hereafter referred to as deganSeveral
researchers have investigated the effect of distammc the
morphology and fiber diameter of electrospun maitd/@r
fibers, but the results are rather contradictony: iRstance,
Qiang Li et al. [30], found that varying distancavh no

the mixture for one hour at 85 °C until a homogesedear
PAN-DMF Solution was obtained. Viscosity was cadteat
by gravity based rheology measurements using thadat
apparatus. A tantalum ball was used in measuriagtithe
taken to travel the specified path due to gralgmnsity of the
tantalum ball was considered as 16.6 gm/ml, with lball
constant parameter of 0.35 for calculations.

B. Electrospinning

Electrospinning was carried out using NANON-A1 aapas

(Mechanics Electronics Computed Cooperation.LTPad

The process started by preparing a syringe (5mil \ai
specific amount of solution of different concenas.

Syringe was then fixed inside Electrospinning chamdnd
other process parameters (voltage to be applisthriie and
feed rate, etc...) were finally adjusted beforetetespinning
commenced.

C. Morphological Characterization

PAN nanofiber mats produced were characterized by
checking their morphologies and average fiber dtame
Morphology was observed after gold plating the dempy
using SEM (Jeol 4600 instrument) at different mégaiions.
Average nanofiber diameter were determined fromh hig
magnification SEM micrographs using ImageJ software

alcohol(PVA) nanofibers. They have, however, obsérthat
the average fiber diameter slightly decrease wittréased
needle to collector distance. Bin Ding et al. [Jtjidied the
effect of distance on the size of electrospun P\Vigrodnano
fibers and found that fiber diameter increaseshtiligfrom

~160 to ~250 nm with increased distance from 42ah,

respectively. Pitt Supaphol et al. [32], have itigeded the
effect of distance on the size of as-spun matsamgphology
of as-spun fibers. Their results suggested thasitteeof spun
mats increased with increasing distance whilst fith@emeters

taken for around 250 reading of every mat and steindard
deviations, minima and maxima were calculated.

D. Surface Property Characterization

Wettability of the electrospun polymeric mats wagedmined
using the Kyowa-DM 501 contact angle instrument.
De-ionized water was considered for contact angle
measurement between the water droplet and ther@decin
mat. A half angle sessile drop method was useth&asuring
the water contact angle. Static measurements anthato
angle image were captured after 100 ms of the dtdying

slightly decreased from 220nm to 160 nm with vagyin placed on the surface.

distance from 5 to 20 cm. They have also shownahlatwer

distance (5 cm) beaded fibers with fused fibeth@touching
points were formed indicating incomplete drying veees at
higher distance (15 cm) smooth fibers without beadse

obtained. Polyacrylonitrile (PAN) offers many exeat

properties such as the higher hydrophobicity asdlubility

in a wide range of solvents [5], [33], and is thesmn
extensively used in electrospinning [34]. Althowmhumber
of researchers have investigated the electrosginofirPAN

[34]-[41], a comprehensive work in which the effe€étmain

parameters on the electrospun PAN nanofibers hayeto
available in the literature. This work investigaties effect of
key solution and process parameters on the morgiwalo
behavior, surface characteristics and mechanicglgsties of
electrospun PAN nanofibers.
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E. Mechanical Properties Characterization

Tensile tests of electrospun mats were carried usirg
Electroforce instrument (Bose). The samples werat he
treated at 220°C for 30 minutes before the tensi#¢ The
tests were carried out in accordance with ASTM &2
The samples were cut in a rectangular shape wighuge
length of 15mm. A 225 N load cell was consideredtfe
tensile test study with a constant strain rate.bffim/sec.

Ill. RESULTS AND DISCUSSION

A. Solution Parameters (Effect of Solution Concentration
and Viscosity)

Polymer solution concentration has a significaféatfon the
morphology and mechanical properties of electrosmais
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and fibers. In the present work we have studieceffext of concentration leads to reduced bead formation motheads
two important solution parameters (namely viscosityd observed for higher PAN concentrations of10 and/d2s
polymer concentration) on the morphology, wet-apiind mentioned earlier, at lower concentration, visgosit the
mechanical properties of electrospun mats. Straktursolution is also low and thus viscoelastic foreethe polymer
morphology of the spun mats with different PANSsolution present in the jet that cannot withstane farger
concentration (6, 8, 10 and 12%)were investigate&BM columbic repulsive forces and hence results in lupeof
taken at images high magnification while fixingetlprocess charged jet into small jets leading to formationdobplets.
parameters as shown in Fig. 1. Our findings are in line with the theoretical finds of
Heikkila et. al.[42], Fong et. al.[19] and experimta findings
of Qian Li et. al. [30].

1000
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400
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."‘w. X  - : R 0
Fig. 1. SEM micrograph of PAN nénofiber at 5000x
magnification(a) 6wt%, (b) 8wt%, (c) 10wt%, (d) 12w%. PAN (wto, 1N 50lL0107

All the mats were electrospun at: spinning voltagef 21 Fig. 3. Average fiber diameter of (6 — 12) wt% PANDMF

kV; needle collector distance of 150 mm and 1.5 W )
solutions.
feed rate (scale bar = pm).

Fiber Ciemeter inm)

B. Process Parameters
It was observed that a small increase in PAN camaton  after having known the effect of solution concetitia and
considerably reduces the bead formation phenoméaong  yiscosity on the morphological properties of elespun
the electrospinning process. This is mainly dubiédncrease nanofibers, the next step was to investigate thieceff
in viscosity of the solution with increase in PANprocess parameters (feed rate, spinning voltagediee

concentra?ior_], Fig.2. The viscosity incre_ased fb#8 cp to  collector distance, and needle diameter) on thehwogical
2472 cp with increase in PAN concentration fromB2wt%, ayglution of electrospun nanofibers. For this psmo

respectively. The fiber diameter was observed wei@se intermediate polymer concentration of 10% PAN was
from 208 nm to 881 nm with increase in PAN CONG#IiN  sejected which provided a good combination of meicia

from 6 to 12%respectively, Fig. 3. and morphological properties. The first step wasdguire an
adequate minimum flow rate at which continuous

3000 electrospinning is obtained. In order to study éfifect of

2500 | . flow rate on the electrospun fibers, several expenis at

= fixed solution concentration and process paramggirkV,

o 2000 4 150 mm distance and 21 gauge needle), and onlyétedvas

= . .

% 1500 varied until the lowest feed rate (0.8 ml/hr) wasirfd at

3 1000 | which continuous spinning was observed. At any eadfi

= * feed rate lower than the 0.8 ml/hr, spinning wasalntinuous

500 - which resulted in dripping or intermittent dropfetmation.

0 hd . . . Feed rate was then varied form 0.8 ml/hr to 1.4hmib

investigate the effect of increasing feed rate d&® t
PAN (Wt%) in solution morphological appearance of the spun mats. Figods the
. . : . appearance of all the electrospun mats produceghiyng
Fig. 2. Viscosity of (6 - 12) wt% PAN/DMF solutios. the feed rate. It can be observed that the lineasity of
This significant increase in fiber diameter is ibtited to fibers (number of fibers per unit area) increaseshe feed
increased viscosity by increasing the polymer (PANpate isincreased from 0.8 mi/hr to 1.4 mi/hr. Tikidue to the
concentration from 6 to 12 % in the solution. Ie=ed fact that at lower feed rates inadequate solutiowsf and
viscosity results in more chain entanglements whiabse slight discontinuity of the spinning process occimsreasing
hindered flow of the solution jet during its fligh the the feed rate from 1.2 to 1.4 mi/hr promoted adestiaw of

collector at fixed process parameters resultirgnimcreased the polymer solution and stability of the spinnimdpich
diameter. On the other hand, the increase in PAN

0 2 4 6 8 10 12 14
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resulted
smoothness and relatively narrow size distributioh
electrospun fibers diameter as shown in [Fig. 4{a-d
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Fig. 4. SEM images of 10wt% PAN taken at 1000X at
different feed rates:(a)0.8 mil/hr, (b) 1.0 ml/hr, €) 1.2
ml/hr, (d)1.4 ml/hr, fixing voltage at 21 kV and distance at
150 mm, (scale bar = 1@m).

More detailed morphology of the electrospun fiberas
revealed by FE-SEM images Shown in Fig. 5. The ager
fiber diameter increased significantly from 398886 nm
when feed rate was increased from 0.8 ml/hr toril/r,
respectively. This increase in fiber diameter isdieect
consequence of the higher amount of polymer irctieged
polymer jet at higher mass flow rate (feed rate)can be
observed that, not only the average fiber diameeases
with increasing feed rate, the fiber size unifogniiicreases as
well.

Fig. 5. FE-SEM images of 10%PAN: Effect of feed e at

21 kV and 150 mm, (a) 0.8 ml/hr, (b) 1.0ml/hr, (clL.2
mi/hr and (d) 1.4 ml/hr, (scale bar = 2um).

EFFECT OF VOLTAGE

In order to investigate the effect of voltage omtiorphology
of electrospun mats; the spinning voltage was cbdrigpm
15 to 21 kV keeping all the other spinning paramsete
constant. It was found that spinning was not stédsleoltage
values 15 to 17 kV and resulted in intermittentpdets and

in improved morphological appearance (momrocess improved. Reneker et al.[43], observed maoas

change in fiber diameters with an electric fieldewhthey
spun polyethylene fibers. But, in our study, arréase in the
voltage from 18 to 20 kV, the average fiber diamedeluced
from 383 nm to 332 nm, respectively. However, thoerf
diameter significantly increased to 750 nm whenwvibkage
was increased to 21kV as shown in Fig. 6. The pesstason
for this may be the dual effect of increased vatdgcreasing
spinning voltage has competing effects of increg@dioth

whipping instability and mass flow of the polymerigion

through the needle, thereby increasing the fikemeter [25].
In addition, statistical analysis of the electraspiibers

revealed a narrow size distribution at intermediaitages
(e.g. 18 kV and 20kV) but at higher voltage (21 lvinuch
wider size distribution was observed. These resutgest
that lower voltages yielded smaller and more unifdiber

diameters. Qiang Li et al. [30], and Demir et 44]} reported
similar results when they studied the effect oftagé on
electrospinning of PVA and polyurethane, respebtive

C \ .
Fig. 6. 10%PAN in DMF: Effect of voltage at 1.5mhr
and 150mm; (a)18kV, (b) 19kV, (c) 20kvV (d) and
21kV,(scale bar = am).

EFFECT OF NEEDLE TO COLLECTOR DISTANCE

To investigate the effect of distance between thedte tip
and collector, the distance was increased from 1iGm
150mm with the other spinning parameters fixedtags 21
kV, needle diameter of gauge 18, and feed ratenl/lt). P.
Heikkila et al. [42], reported that increasing diste at
constant voltage and feed rate can increase teglsing of
the solution jet which may result in slight deceeés fiber
diameter, but our findings do not show such trendigle
surprisingly, in our study the average fiber diaengtas more
than tripled (increased from ~200 nm to ~750 nmgmvh
distance was increased from 110 mm to 150 mm asrsho
Fig.7. Increasing the distance at constant spinmoitage,
have two effects of opposing consequences: firsthgtching
of the fibers is enhanced by increased distancausecof
larger flight time of the fluid jet and more solten
evaporation. This higher rate of evaporation resuitfully
dried and stretched fibers leading to thinner 84&5], [26].
Secondly, with increased distance, electric fietcbrgth
decreases and this leads to a smaller stretchinggdeading

dripping of solution. When the spinning voltage wag, thicker fibers[25]. We suggest the possible sedsr the

increased from 18 kV to 21 kV the stability of thiginning

18
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much-increased fiber diameter is the decreasedrieldited
strength with increased distances. This view p@nalso
evidenced by the relatively larger average diametespun
fibers which is attributed to the decreased figlergth at
higher distance (150mm). Statistical analysis alsmwed on
increasing distance, fiber size distribution shifttarger sizes
confirming the reason mentioned above.

08 416020 )

0741 8

Fig. 7. FE-SEM images of 10 wt% PAN: Effect of
distance at 21kV and 1.5ml/hr; (a)110 mm, (b)130mrand
(c)150mm, (scale bar = gm).

EFFECT OF NEEDLE DIAMETER

Fig. 8 shows the relation between PAN average fiagof
diameters with needle diameter. It is obvious théth
increasing needle diameter, the average fiber diemweill
decrease. The average fiber diameter for Gaugeddi@was
around 447nm whereas, for example, it was 644nrGéarge
23 case.

Variation of Fiber Diameters with Needle Diameter

(V=20kV, F.R =1.3ml/hr, D=150mm)
750

700

650

600

550

500

450

400

Fiber Diameters (nm)

350

300

0.4 0.6 0.8 1.0 12 14 1.6 1.8

Needle Diameter (mm)

Fig. 8. Variation of average PAN fiber diameter wih
needle diameter.

In contrast to our results, Sutasinpromprae e4%j,[studied
the effect of nozzle diameter on the size of amnspAN
nanofibers. They found that the fiber size increasth
increasing nozzle diameters. They suggested thaerla
nozzle diameter makes ejecting of jet easierjntsal length
before bending instability will be higher compatedsmaller
nozzles, and as a result, solvent will not evagorampletely.
Same results were found by Sencadas et al.[46ingltine
production of chitosan fibers. From other perspesti some
researchers suggested that, for small needle dantlet¢
travel time of jet will be smaller and this willdd to higher
stretching action [45], [47], [48], and at the esmdaller fiber
diameters will be collected[49]. Although linean¢gh of jet
before bending instability starting is the casddoger Needle
diameters which shorten the time for fibers thignamd as a
result larger fiber diameters will be
Sutasinpromprae et al.[45], suggesting and as prbyehis
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work [Fig. 9], the overall time for production odnofibers in
case of smaller needle diameters is shorter thagerdanes,
this will prevent complete solvent evaporation avikdi leave
larger average fiber diameter, and finally will &ip our
results.

¢
U

\ //

Time to start jetting

Taylor Depth

Fig. 9. Effect of the needle diameter on time tdart
jetting, jet length and Taylor cone shape.

As shown in Fig. 9, increasing needle diameter wifect
Taylor cone as well as jet length, in which theetineeded to
start forming Taylor cone as well as jet lengthobetbending
instability region were found to increase in ca$daoger
needle diameters. Taylor cone depth was increaseevalth
was decreased in case of larger needle diametgysl16
explains this study claim and proves the trend doun
decreasing needle diameter will increases fibendtar- that
is coming conversely to some literatures. As shawfig.
10(c&d), many fibers found in stick with each otlhsrarrows
pointed, this directly indicates that solvent waseompletely
evaporated because of lesser time to do that, and a
well-known that if solvent will not evaporates cdetgly,
fiber diameter will be larger. Larger needle diagnet-Gauge
16 & 18- as shown in Fig.10(a&b) were not showing same
trend and this was because of enough time requived

completely evaporate solvent.
5 “‘
- ‘ k".

;g‘cu
'fA ’/‘

F|g 10 Nanoflber morphology for different needle
diameters, (a) Gauge 16 needle diameter (b) Gaug8 (c)
Gauge 21 and (d) Gauge 23.

resulted agdo see if the trend found in this study is affeddydchanging

feed rate, different feed rates were tried andeffsct on
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resultant fiber morphology at different needle Dédens were considerably hydrophobic. The mats are observetheto
discovered as shown in Fig. 11. Increasing fe¢elfiar all hydrophobic for the PAN concentrations studied. sThi
needle diameters has the same effect on fiber démmeincrease in hydrophobicity is an attribute of iragieg
decrease, in which again there will be lesser fonesolvent concentration of PAN in the polymer solution.

evaporation in case of higher feed rates. o 6 s N b i
700
=0-Gauge 14
650 -H-Gauge 16
Gauge 18 ﬂ
600 =¥=Gauge 21
E 550 o a
z .\ l C.A=105° L C.A= 115°
2 500
[J]
£
5 ~Sh . T 0
iT 400
0 Fig. 12. Contact angle of (a) 6wt%, (b) 8wt%, (c) Qwt%
300 and 12wt % PAN nanofiber mats. Mats were electrospu

at: 21 kV spinning voltage, 150 mm needle to coller
distance and 1.5 ml/hr feed rate.

1.0 15 20 2.5 3.0 35

Feed rate (ml/hr)

Fig. 11. Variation of average PAN fiber diameter winh MECHANICAL PROPERTIES OF ELECTROSPUN MATS

feed rate for different needle diameters. The tensile test results for 6-12 wt% PAN concditna
nanofiber mats produced at fixed process parameters
CONTACT ANGLE MEASUREMENT listed in Table I. The tensile strength was fouid be

Contact angle goniometry is a well-recognized meétod 3.56MPa and 15.86 MPa respectively for 6% and 128 P
gauging the wetting/non-wetting behavior of matsria nanofiber mats. Tensile strength increased by ~3#6%n
ranging from metals, nonmetals to polymers. Highdncrease in PAN concentration from 6 to 12 wt%las in
hydrophilicity (more wetting ability) is characteeid by the Fig. 13. Similarly, the failure strength of nan@fitmats was
lower values of contact angle whereas higher vahgisate observed to be increased from 3.11MPa to 10.22
the hydrophobic (non-wetting) surfaces. Wet-abitifysolid PAN concentration was increased from 6 to 12 wit%,
surfaces is an important property and is governeoldth the indicating an increase in failure strength by 2298
chemical composition and geometrical microstructfr¢he increase in ductility from 6.9 to 41.69% was obsenby
surface [50]. About 2 uL of DI water was used téed@ine increasing PAN concentration from 6 to 12 wt% resipely,
the contact angle and was found to be 99.5°, 200185° which is an overall increment of 504% in ductilitfhe
and 115° respectively for 6, 8, 10 and 12 % PANofiaer increase in tensile strength, failure strength dunctility with
mats as shown in Fig. 12. Surface providing watertact increase in PAN concentration is attributed todberease in
angle lower than 60° are considered to be hydrimphiiereas bead formation as observed in Fig. 1. The incréasier
contact angles higher than 90° are regarded a®plgdbic diameter with increase in PAN concentration incesathe
and super-hydrophobic with the contact angle exoget?0° ductility of the nanofiber mats. The increase émsile
[7]. The increase in concentration from 6 to 12%P@#N properties co-relates well with the increase ircesity and
increases the hydrophobicity of the mats rendetmgm fiber diameter of the mats.

Table I. Tensile test results of different PAN nanfiber mats concentration that produced at fixed pra@ess parameters:
21 kV spinning voltage, 150 mm needle to collectalistance and 1.5 ml/hr feed rate.

PAN (wt%) Tensile Strength (MPa) SD  Ductility % SD  Failure Strength(MPa) SD

6 3.56 0.18 6.9 117 311 0.11
8 7.33 0.85 13.46 1.12 6.02 2.26
10 10.89 0.00 39.67 0.00 5.99 0.00
12 15.86 0.27 41.69 0.21 10.22 1.04
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Fig. 13. Nanofiber mats tensile and failure strendt of
6-12 wt% PAN concentrations.

IV. CONCLUSION

Sub-micron sized fiber mats were

(5]

[10]

[11]

produced by

electrospinning of the 6 to 12 % PAN-DMF solution.

Increasing PAN concentration was found to increfdser

diameters. Minimum feed rate required for the adégjmass [12]

flow of the polymer solution and hence for the dammbus
spinning was found to be 0.8 ml/hr. Increasing fiestd up to
1.5 mi/hr. improved the morphology of the individlfiers
as well as the spun mats but enlarged the fibenetiers

almost four times as compared to their sizes a¢tdaed rate

(0.8 ml/hr). Increasing the applied voltage to sdahreshold
value of decreased fiber diameters and when thesltiold
was exceeded, fibers increased in diameter. Distéimmm
needle to collector was found to increase fibemair when

it is increased. Fiber diameters decreased whédrehigeedle

diameters were used. A small increase in PAN canagon
from 6 to 12 wt% increases the tensile, failurersgth and
ductility by 346, 229 and 504% respectively. Ther@ase in

fiber diameter with increase in concentration iases the

ductility of the nanofiber mats. The water contacigle
increased with increasing PAN concentration indiicathe
effect of fiber diameter on hydrophobic naturehs mats.
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