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Polymer bubbles are widely used for fabrication of nanofibers. Bubble size affects
not only bubble's surface tension, but also fiber's morphology. A mathematical
model is established to reveal the effect of bubble size on the spinning process, and
the experiment verification shows the theoretical analysisisreliable.
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Introduction

Bubble electrospinning [1-9] is a powerful technology to mass-produce nanofibers. Its
output mainly depends up the bubble number produced and bubble size. The surface tension of a

bubble depends upon its size; a smaller bubble
requiresasmaller electronic forcefor fabrication
of ultrafine fibers during bubbl e el ectrospinning.
The electronic field triggers rupture of polymer
bubbles to gect jets. In this paper, a single bub-
ble is formed during the spinning process to
study the effect of bubble size on the spinning
process.

Experiment

The experiment set-up for single bubble
electrospinning is shown in fig. 1. Many bub-
bles can be formed on the surface of solution,
which will be interacted with each other, and
form a single bubble on the tube exit. The tube
diameter should be as small as possible to guar-
antee only asingle bubbleformfor spinning. In
our experiment, theinner diameter of thetubeis

*  Corresponding author; e-mail: hgf3366@163.com

Grounded electrode

Jets

, Bubble
S

Solution

D. C. high voltage

Figure 1. Experiment set-up for single bubble
electrospinning
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controllable. Five bubble sizesare used in experiment, they are 1.05 cm, 1.5cm, 1.9cm, 2.4 cm,
and 3.5 cm, respectively.

The mixture of polyvinyl alcohol (PVA), average molecular weight 1,750 + 50 g/mol,
powder and deionized water with a weight ratio 1:9 was magnetically stirred at 80 °C for two
hoursto prepare for uniform and transparent solution. We produced micro/nano fibers using the
present experiment set-up with the prepared solution. The inner diameters of the tubes were
1.05cm, 1.5 cm, 1.9¢cm, 2.4 cm, and 3.5 cm, separately. The applied voltagewas35kV, thedis-
tance from the top of the tube to the grounded electrode was 20 cm. The environment tempera-
ture was 20 °C, and the relative humidity was 52%.

The morphology of the electrospun PV A fibers was investigated using scanning elec-
tron microscope (SEM); the SEM micrographs are shown infig. 2. In thefigure we can find that
the fiber diameters decrease with the increase of the bubble diameters.

Figure 2. Electrospun fibers by
bubbles with different diameters
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Mathematical model

In bubble electrospinning process, the conduction current through bubble isan insig-
nificant effect on thedistribution of electric charge on the bubble. Generally, electric chargedis-
tributes only on jet surface since the el ectric conductance of the solution is not absolutely equal
to 0. We take the bubble in fig. 1 as a sphere, the el ectric charge on the bubble surface can be
written q = 4ne R,U [10], and the electric field on the bubble surfaceiis:

Y
"R D)

where R, is curvature radius of the bubble, and U isthe electric potential of the bubblewhichis
equal to anode voltage. When the anode voltage is kept constant:

Eoct %)
b
the electric field E on the bubble surface isinversely proportional to the curvature radius R, of

the bubble.

E
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The moving jet is assumed to be alaminar flow. The velocity distribution is[11]:

v(r)=[g+—jt+—r2 (3)
P

hereo, p, R, and  are mass density of the solution, viscosity coefficient of the solution, radius
of thejet, and areadensity of electronic charge on thejet surface, respectively. At thetimet =0,
the velocity isv = (cE/2nR)r2. Section areaof aflow layer with radius, r, and thickness, dr, is
dS=2xrdr, and mass flow in the flow layer is:

M = rpr3 ZE dr (4)
nR
Then total mass flow through the cross-section of the jet can be written:
R 3
M:an—Ejﬁdr:@ (5)
nR% 4

We can seethat the massflow, M, inthejetisin proportionto theelectronic field, E, on
abubble surface:
M o E (6)
According to E « (1/R,), we can get the relation of the mass flow, M, with the bubble
radius, R 1
M oc — (7
Rb
The mass flow and the radius of the jet have the relation:
M oc R? (8)

therefore

9)
Ry

Equation (9) revealsthat the radius of fibers
produced by bubbleelectrospinningisinversely
proportional to the square root of the bubble ra-
dius, (R,))¥2. Theradii, R, of the fibers and the,
R,, of the bubble can be displaced by thediame-  § .
ter, d, of the fibers and the diameter, D, of the 5 %] S

o ~
bubble: S~ S
£ 0.40 S

1 g 0.35] T
(10) ; 0.304
0.254
Infig. 3 the small squares denote the diame- 0.20 4
ters of the fibers electrospun through bubbles LSt 1 e a0 o e D 2
with different diameters, and the curve shows
d = 0.665/(D,)Y2 in graphic form, the trend of  Figure3. Thetrend of the diameter sof thefibers
thefiber diametersfitsthe curve approximately.  electrospun through bubbles

0.6574

E 0604 “ = Average diameter
L S 2
5 0.5 . — d= KD,

doc
b




Ren, Z.-F., et al.: Effect of Bubble Size Nanofiber Diameter in Bubble ...
848 THERMAL SCIENCE: Year 2016, Vol. 20, No. 3, pp. 845-848

Conclusion

Thispaper givesamathematical analysisof effect of bubble size on fiber diameter dur-
ing the bubble electrospinning. It revealsthat smaller sizeresultsin bigger fibers, and the exper-
imental datagivesagood agreement. The present theory providesauseful tool for controlling fi-
ber diameter by adjusting bubble size.
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