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Blown bubble-spinning is a one-step process for fabrication of nanofibrous yarns.
A mathematical model is established to adjust spinning velocity. Due to high fric-
tion among nanofibers, the obtained yarns are extremely suitable for stab-proof
fabrics.
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Introduction

Recently, bubbfil spinning has been demonstrated as a fascinating and effective tech-
nology for mass production of nanofibers [1-3]. The technology was developed from bub-
ble-el ectrospinning and blown bubble-spinning, and the latter can be used as a one-step process
for producing nanofibrous yarns[4-6]. In general, controlled gasisinjected into the spun solu-
tion to generate bubbles aswell ashigh velocity air with certain temperature blows bubblesinto
ruptured fragments and provides aforwarding force to attenuate the polymer jets, leading to the
final nanofibers [7]. Similar to the principles of two well-known technologies, melt-blowing
and solution blowing [8, 9], blown bubble-spinning not only makes full use of air drawing force
but al so focuses on theform of polymer bubbleinstead of traditional solution or melt from anee-
dleor an orificedie. Thisisbecause bubbles own an interesting property that the surface tension
of apolymer bubble geometrically depends upon its size and the pressure difference [10]:

1
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In this paper, the air drawing mechanism of bubble jets in the blown bubble-spinning
process was established.
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Mathematical model

The experimental set-up is shown in fig. 1.
Polymer bubbles are produced on the solution
2 _/ Bubble surface, and they are acted by the hot blowing

Gas // == \\ air. The moving jet during spinning process is
N

B e f assumed to be steady and viscous.
e Solution Continuity equation for thejet motion reads:
PpUA=prr2u=Q (@)
Figure 1. The schematic of the blown wherep isthe et density, u—thejet velocity, A
bubble-spinning —thejet crossarea, r —thejet radius, and Q —the

mass flux of jet.
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Figure 2. The schematic of motion and force analysis of jets
Moment equation should consider air drag, fig. 2, whichiis:
(pnrzdx)%:(%dx]nﬂ rap, @erd)(v—1)?] @
X

where Du/Dt isthematerial derivative, T —the viscousresistance, a —the coefficient of air resis-
tance, p,—theair density, and v—theair velocity. In thispaper, itsdirection isassumed to be ver-
tical, and j —the symbol factor. If visbigger thanu, j is+1 and if vissmaller than u, j is—1. By
simplifying eg. (2), we have:

ou 0t 2 .
pU— ="+ p (V- U)?] (3)
oX oOX r
Newtonian fluid is assumed for moving jets, the viscous resistance is:
ou
T=U— 4
P 4

where i is the viscosity.
By asimple calculation, we have:

r=_|— (5)
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and U— =pu—+4/Bu(v-u)? 6

pu— =t FBU(V -2 (6)

h =20p, |2 7
where B p‘/g (7)

Analytical solution

Equation (6) is of high non-linearity. This paper applies the weighting residual tech-
nology to solve jet velocity. Introducing R(u) defined:

d?u du .
R(U) =pu—— — pu— +4/Bu(v—u)? 8
(W)= —pu—+Bulv-u)2] (®
By experimental observation, the jet velocity can be expressed in the form:
u(x) = uex 9)

where u, isinitial jet velocity, and ais constant coefficient.
From egs. (8) and (9), we could obtain:
2

R(X) = ua2ue® — pauZe? + pu, el (v - uye)?| (20)
Setting R(0) = 0:
R(0) = na2u, — pau2 + fugV2 (v —u,e®)?j (NN

By solving eg. (11), we could obtain:

0Pl [P 2U2 — 4uBus Y2 (v —Uy)2

2u
When u, is extremely high, namely u, is bigger than v, airflow applied on jets plays a
opposite role in drawing jets, so:

Pl = P2UZ + 4uBUgV2 (v - Up)?

(12)

a (13)
2u
and the corresponding jet velocity equation should be expressed:
Uy — /P 2U2 +4ufusY2 (v —uy)?
U(X)=U09X{p 0 \/p 0 z:jﬂ 0 ( O) X] (14)

When u, ispretty low, namely u,issmaller than v, airflow applied on jetshasapositive
effect on making jetsfine, so:

Pl +/P2UZ — QuPUgV2 (v — Up)?
2u

and the corresponding jet velocity equation should be expressed:

_ -1/ _
u(x) = u, ex;{puo +\/p2u§ Al 2k XJ (16)

(15)

2u
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Discussion and conclusions

The jet velocity is an important factor in spinning process, and it affects greatly fiber
size, higher velocity resultsin smaller nanofibers. According to eg. (14), low viscosity of solu-
tion leadsto ahigh velocity of thejet. Theblowing air isalso used to twist nanofibersto produce
nanofibrous yarns, which have wide applications in various fields due to high friction among
nanofibers. To elucidate this property, we consider a yarn with radius of 3 mm consisting of
nanofibers with radius of 50 nm.

The number of nanofibersin ayarn with radius of 3 mmiis:

. -3
N=(310

2
= 109] =36-10°

The surface area of asingle nanofiber is 2xrL, wherer = 50 nm and L is the length of
theyarn. Total surface areais:

A=2rrLN =2rL(50-10-9)36-10° =2xL - 180 m?2
While a surface area of classic yarn with radius of 3 mmis:
Ay =2nRL =27L(3-103) =21L.3-103 m?

The surface area increases greatly:

A 6000
Ao

According to [11], the friction force between fibers:
foc AR

where A is the area between contact surface, a=1 ~ 3 for fabric. We choose; a = 2

2
l:(ﬁ) =36-107
fo (A

The friction of a nanofibrous yarn is seven orders of magnitude higher than that of
classic yarn with same size. The extremely high friction can absorb al energy from stab, making
the yarn stab-proof.
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