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ABSTRACT

Polyacrylonitrile (PAN) nanofiberswere prepared by el ectrospinning ho-
mogeneous viscous solutions of PAN in DMF of concentrations 9%, 12%
and 16% (by wt.). The electrospinning was carried out at 9kV DC withtip
to collector distance (TCD) of 7cm. The morphology of nanofiber webs
characterized by scanning electron microscope (SEM) indicates smooth

KEYWORDS

Polyacrylonitrile (PAN);
DMF;
Nanofibers;
Electrospinning;
Morphology.

and cylindrical nature of fiberswith aspect ratio >1000. Thefiber diameter
was found in the range of 50-320 nm and the average fiber diameter in-
creases linearly with PAN concentration. The morphology of nanofibers
was good for higher PAN concentration while some beaded or swollen
structures were present in fibers prepared at low PAN concentration.
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INTRODUCTION

Carbonfiber isavery important structural materia
duetoitslight weight, high specific strength and modu-
lus, highthermal and corrosion resistanceetc. There-
fore, carbonfibersare used for variety of applications
such asin aerospace, automobile, chemical industry,
generd engineering, missiles, asreinforcement incom-
posite materid sand textilesY. Polyacrylonitrile (PAN)
isused asthe precursor for preparation of carbon fi-
berd?. Thefibersrequired stabilization for conversion
of linear polymer to acyclized, highly condensed ther-
mally stablestructure. Thelong heatingtimerequired
for stabilization and carbonization of the precursor fi-
bersadd to the high cost of carbon fiber production.
Oxidation occurssimultaneoudy with the cyclization
reaction andisadiffusion controlled process. Therate
of oxidation depends upon the diameter and chemica

composition of thefiber in additionto thetemperature
and atmosphere. A decreasein the fiber diameter of
the precursor fiber would result in adecreased stabili-
zationtime®4, For exampl e, the stabilizationtime can
be 1000 timesfaster if the diameter of the precursor
fibersreduced from few mmin case of conventional
production to few nanometers by electrospinning
method. Also, thefibers prepared by el ectrospinning
have diametersso small that skin-coreeffects caused
by differentid stabilization arediminated.
Electrospinningisavery smpleand versatiletech-
niquefor synthesizing nanofibers or fiber matsfrom
broad range of organic polymerd>*. Thevery large
surface area to volume ratio, flexibility in surface
functionalities, superior mechanica performanceand
versatility of design are some of the characteristicsthat
make the polymer nanofibers optimal candidatesfor
many important appli cations such ascomposites, pro-
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tectiveclothing, catalys's, eectronics, bio-medicinein-
cluding tissue engineering, implants, wound dressing
membranes, drug delivery, vessdl engineering, ultrafil-
tration and agriculture. The processinvolvesthe appli-
cation of astrong el ectrostatic field to apolymer solu-
tion or ahomogeneous polymer and oxide precursor
sol placedinacontainer withametd capillary suchasa
gyringewithmetallic needle. The positiveterminal of a
high DC sourceis connected to the needlewhilethe
negativeterminal isconnected to thecounter electrode,
intheform of ametd plateor duminiumfoil placeda a
distanceof about 10cm. Under theinfluenceof thedec-
trostatic fiel d, the solution experiencesrepul sveforce.
Asthevoltage surpassesathreshold value, eectrostatic
forcesovercomethesurfacetension, and afinecharged
jetisgected. Thejet movestowardsthe counter elec-
trode, subdividesintolarge numbersdueto high repul-
sveforce, finaly depositsintheform of nanofiberson
the counter eectrode.

The concentrationsof polymer phasein the solvent
influence morphology of nanofibers. A detailed study
onthemorphology of PAN nanofibersasafunction of
itsconcentrationin solutionismissing. Therefore, ef-
fortsare madeinthis paper to study the morphology of
PAN fibersat different PAN concentration and their
gzedigtribution.

EXPERIMENTAL

Materials

Poly acrylonitrile[(C,H,N) ] powderswith aver-
agemolecular weight of ~1,50,000 and N,N dimethyl
formamide (DMF) were procured from M/s. Sigma-
Aldrich. Theabove materid swereused asstarting ma:
terids.

Preparation of homogeneous viscous PAN solu-
tions

Threedifferent solutionsof PAN inDMF such as
9%, 12% and 16% were prepared by dissolving 0.9g,
1.2g and 1.6g of PAN in 9cc of DMF respectively.
The homogeneous viscous ol utionswere obtained af -
ter constant stirring for 2h.

Electrospinning of PAN nanofibers
About 5 ccof theviscous PAN solution wastaken
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inasyringewith fine capillary metallic needle. The
electrospinningwas carried out by maintaining Tipto
Coallector (TCD) distanceof 7cmand at aDC voltage
of 9kV. Thepositivetermind of thehigh voltage source
was connected to the metallic needle and the negative
termind connected totheflat metallic plate covered with
auminumfail. Theflow rate of the solutionwasmain-
tainedat 1.3 mL / 1 h and thehumidity of the chamber
was maintainedin therange of 50-60%. The voltage
wasgradudly increasedtill theliquid cameout through
theneedleand split into web of fiberscollected onthe
duminumfail. A schematicdrawing of thedectrogpinning
set up ispresented in Figure 1. The solution prepara-
tion methodol ogy and el ectrospinning conditionsare
summarizedinTABLE 1.
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Metallic needle

+
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i’ ; / @A Collector
f ., plate

Figurel: A schematic diagram of electrospinning set-up.

CHARACTERIZATION

The morphol ogy of as-spun nanofibers was ob-
served under ascanning e ectron microscope (Carl Zeiss
Supra40 VP, Germany) after vacuum coated with a
thinlayer of gold. Themorphology of theas-spun PAN
nanofibersand their distribution of diameter with varia-
tionin PAN concentration are shownin Figure 2(a-c).
Theaveragefiber diameter and thedistribution of fi-
bers were determined using ~ 20 randomly selected
fiberstaken from SEM micrograph. Theaveragefiber
diameter vs. concentration of PAN solutionsispresented
inFigure3.
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TABLE 1: PAN solution prepar ation and electrospinning conditions.

Chemical precursors Prepar ation of Solution Electr ospinning Conditions
(i) Poly-acrylonitrile (PAN) 9%, 12% and 16% PAN solutions Nozzledia. (internal): 0.5mm, Tip to
(Mw, ~1,50,000) prepared in DMF at room temperature collector digtance (TCD): 60-70mm,
(ii) Dimethyl formamide (DMF) with constant stirring for 2h. Voltage:9kV, Humidity: 50-60%
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Figure2: SEM micrographsof PAN nanofiber sand their diameter distributionsat (a) 9%, (b) 12% and (c) 16 % of PAN

solutionin DMF.
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Figure3: Fiber diameter Vs. conc. of PAN solution.

RESULTSAND DISCUSSIONS

From the SEM photographs Figure 2(a-c), itisob-
served that thefibersare cylindrical and are smooth
duetoitsamorphousnature. Theaveragefiber diam-
eter increaseswith PAN concentration (Figure 3). For
example, thefiber diameter increasesfrom 105+ 25
nm for 9% PAN to 263 + 25 nm for 16% PAN con-
centration. Thisisingmilar lineof observation madeby
Ji-HuanHeet d.*. Thisisdueto high viscosity of the
solution at higher PAN concentration. Ingenera, the
morphology of fibers and smoothness are better for
higher % PAN solutions dueto higher content of or-
ganics. At lower PAN concentration, presence of
beaded or bulb structureswas noticed.

CONCLUSIONS

Polyacrylonitrile (PAN) polymer nanofiberswere
successfully prepared by € ectrospinning techniqueus-
ing three different solution concentrationsof PAN in
DMF. Thefiberswerefound cylindrical with smooth
surface and the aspect ratio was more than 1000. The
averagefiber diameter increased linearly with thein-
crease in PAN concentration. The morphology of
nanofiberswasgood for higher PAN concentrationwhile
some beaded or swollen structures were present for
lower PAN concentration.
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