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Electrospun Aligned Polyethylene Oxide Nanofibers

WU De2zhi, SUN Dao2heng
(Dept. of Mechanical & Electrical Engineering, Xiamen University, Xiamen Fujian 361005, China)

Abstract: An novel and facile electrospinning method, in which two parallel grounded metallic conductors
are introduced to change electric field as auxilliary electrodes besides collector, is used to prepare oriented
polyethylene oxide ( PEO) nanofibers. SEMs of experiment results show that aligned nanofibers which d2
ameters are around 200~ 490 nm can be achieved by this on@step method, and the diameters of nanofibers
decrease at first when the distance is smaller than 2 mm, then increase if the distance is larger than 2 mm
with the increasing distance between two parallel conductors as the combination of strectching sufficiency
and decreasing electric field strength. It also can be verified that the aligned nanofibers mainly caused by
changed electrostatic field and not by structure.
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Due to their remarkable characteristics of high sur2
face surface to volume ratio, unique optics, chemistry
and mechanics'" etc, polymer nanofibers, especially on@
dimensional nanofibers, will play important roles in fi2
ture applications, such as reinforced material, high per2
formance filters'” high2sensitivity chemical sensor,
tissue scaffolds™ drug deliver})ﬂ, and so on. Ele®
trospinning which can be dated back in 19347 by Form2
hals A., is a straight, costefficient and convenient

technology to fabricate polymer nanofibers. In a typical
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procedure, a high direc2current voltage is applied to a
metallic needle, which is connected to a syringe filled
with a polymer solution with enough viscosity and con2
duativity. With the high voltage increasing, the electr@
static forces will overcome the surface tension of the pol2
ymer droplet suspended beneath nozzle of the needle to
cause ejection of a fine jet. Undergoing solvent evapora2
tion, stretching and whipping instability, the charged jet
turmns into many continuous nanometer size fibers when
reaching the grounded metallic collector.
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Unfortunately, the nanofibers deposited on the
collector are always randomly deposited and act as nor2
waven mat. As on€dimensional nanostructures are i2
deal building blocks for hierarchical assembly of fun
tional nanoscale electronic and photonic structure that
could overcome fundamental and economic limitations
of lithography based fabrication'®’, many researchers
all over the world have begun to mainly pay ther em2
phasises on how to achieve aligned nanofibers for fur2
ther integration by electrospinning. Although the abili2
ty to obtain oriented nanofibers remains a major chal2
lenge in the field, some progress has been made and

. L[R2
there are some literatures to cover it~ .

A classical
report example was reported that a thin rotating wheel
with sharp edge was used to collect aligned nanofibers
in'"”" The sharp edge is used to change applied electric
field, which dominates the electrospinning process.

However, the vital disadvantages of the setup are that
the sharp edge is difficult to fabricate and the speed of
wheel is hard to set because the speed of nanofibers is
nonlinear and difficult to determine. Another technique
is that 7, S00V AC potential with 60Hz frequency is
used instead of DC potential by Royal Kessick et all'” .

But the fibers orientation degree is only to some ex2
tent. Consequently, in this paper, a novel technique
with electrospinning process is brought out, which is

much easier to fabricate massively than previous work.

1 Experimental

Polyethylene oxide ( PEO, average molecular
weight M= 300, 000 g/ mol) purchased from Dadi
Fine Chemical Co., Ltd.(Changchun, China) was
used to prepare solutions that was used as the
working fluid. PEO was dissolved in water and
ethanol/ water solvent at different concentrations.
All solutions were stored at room temperature. All
experiments were performed with a setup showed
as Fig. 1 at room temperature in air. The solutions
were stored in the syringe. The anode of high po2
supply ( DW2P40321AC, Tianjin
Dongwen) (The voltage carried out is 9, 000V) is

tential power

connected to the needle of syringe which inner di2
ameter is about 0. 3 mm and the cathode is connect2
ed to the metallic conductors, which are on the

quartz substrate collector. A metallic plate, which

is parallel to collector, is connected to needle to
make electric field much more even. The distance
between the end of needle and two near electrodes
is about 9cm. Both cathodes are well grounded.
When the high voltage source is on, the solutions
can be pulled from the needle by electric field and
turned into nanofibers collected on the regions of
the quartz substrate and two near electrodes. Ele2
tron Micrographs of the electrospun nanofibers
were obtained by Germany LEO1530 scanning ele
tron microscope and XL30ESEM.

syringe | power supply

metallic plate
conductors L l
collector_—o

Fig.1

Schematic diagram of the system setup

2 Results and discussion

As we all know, concentration, which affects
viscosity, volume charge density, is one of the

most important

[13]

parameters in electrospinning

process Drastic morphological changes were
observed when concentration of polymeric solution
was changed. From Fig. 2, it can be found that

when concentration is smaller than 8%, most of

(b),

Fig.2 SEM of fibers of (a), (b), (¢) and (d) collected
by conventional electrospinning from concentrations
of 8% ,12%, 15% and 18% respectively in pure water.

them are beads and few fibers exist due to its low
viscosity of solution. With the concentration in2
creasing, more fibers come into being and beads

disappear gradually. The SEM image of nanofibers
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in Fig. 2 show that in order to achieve uniform
nanofibers, the concentration should be 18% at
least when solvent is pure water. But if there are
some ethonal, the concentration can be much more
smaller. So in the following experiments the solw2
tion of 15% (w/w) in 1/4 ethonal/ H20 is used as
working solution.

Now the orientation morphology of nanofiers
is studied. Scanning electron micrographs of nanc2
fibers deposited by setup of Fig. 1 are shown in
Fig. 3. The images clearly illustrate that the nano2
fibers are well aligned, which are perpendicular to
the edge of the trench between two parallel
grouned conductors. The results are caused by e2
lectrostatic field, which is different to that of the
traditional eletrospinning. As shown FEA diagram
in Fig. 4a, the electric field forces on the trench b&
tween two conductors are split into two fractions
perpendicular to the edge of the conductors. Fig.
4b illustrates the electrostatic forces acting on a
charged fiber. The induced charges on the ele@
trodes mainly caused by high electro field are nega2
tive, so the electric forces Fi1 and F2 are downward
and point to electrodes respectively. Then the fiber
will goes in the direction that the moment on the
fiber is minimized.
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Fig.3 SEMs of oriented PEO nanofibers. The deposition
ime is 8 seconds. (a) and (b) are taken from the same sample.
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Fig. 4 (a) FEA of the electric field around the trench. In
order to make the electric field strength more obvious,
the distance between of the auxiliary electrodes and height
between anode and collector are set to be 2mm and Scm
respectively. The high potential is set to be 9,000V.(b)
Mechanical analysis of nanofiber between two conductors.

Therefore, the a2spun charged fiber therein is
pulled along the direction upright to the edge of the &

lectrodes and aligned with each other when deposited
on the quartz substrate. Two pairs of electrodes which

is vertical to each other are introduced to prepare

Fig.5 Crossing PEO nanofiber deposited by two
pairs of the electrodes. The distances are both 6mm

From experiments, it can also be found that
the diameters of the nanofibers decrease to 210 ~
265 nm at first when the distance of the two ele
trodes increase to 2 mm and then increase gradually
with the distance increasing when the distance is
larger than 2 mm, as shown in Fig. 6. we believe
the reason is that when the distance is smaller than
2 mm, the stretching sufficiency of the afspun
nanofibers is not complete, then the diameters will
decrease in spite of decrease of electric field
strength with the distance increasing. But if the
distance is larger than 2 mm, the diameters are
dominated by electric field strength. Obviously,
when the distance is increased, the diameters will

increase with the electric field strength decreases.
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Fig. 6 Diameter of nanofiber as function of
distance of two parallel conduct ors

In this paper, the experiments of other mat&
rial of conductors are carried out too. The ele@
trodes, which shape is as same as of the Fig. 1,
made of quartz or silicon are tested. The nanof
bers achieved by quartz electrodes and silicon ele2
trodes are chaos and oriented respectively, as seen
from Fig.7. Soit can be concluded that the orien2
ted nanofibers are caused by the changed electro2
static field and not by structure effect of ele@

trodes.
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Fig.7 SEM of nanofibers on quartz substrate between
two parallel structure of (a) glass (b) silicon

3 ConclusionsP

In summary, a facile technique to fabricate o2
riented nanofiber is reported in this paper, which is
that the separate and parallel conductors are atta2
ched between the collector.
show that ' The diameters decrease at first within
the distance of 2 mm due to the stretching suffien2

Expreriment results

cy when the distance of the two electrodes is smal2
ler than 2 mm and then increase due to the decrea2
sing electric field strength when it is larger than

o

2mm. The aligned nanofibers is mainly caused
by changed electric field, but not by structrue of €2

lectrodes. This technique offers a cost2effective

technique to fabricate on@dimensional nanoscale "
building blocks" that have potential in bottom2up
assembly applications in such field as nanoelectron2

ics and photonics.
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