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Introduction

Electrospinning is one of the most straightforward and low-
cost micro-/nanofiber fabrication technologies; it can pro-
duce fibers with diameter ranging from several micrometers 
to several tens of nanometers [1–4]. Electrospun microfib-
ers have unique characteristics, such as small dimension, 
large length to diameter ratio, high specific surface area, 
etc., and thus possess enormous potential applications in 
biomedicine [5], filtration membranes [6], sensors [7], etc.

Despite the features of easy-manipulating and capability 
of producing unique products, electrospinning is facing the 
big challenge of improving the mechanical properties of the 
fibers [8]. It has been demonstrated that stronger electrospun 
microfibers can be obtained by electrospinning of polymer 
solutions with higher viscosity [9], i.e., it is feasible to ame-
liorate the mechanical properties of electrospun fibers by 
increasing the solution concentration/viscosity. However, 
as concentration is raised, the conformations of individual 
chains start to entangle. Therefore, the high viscosity brings 
in another inescapable problem, that is, high viscosity makes 
the solution hard to electrospin [10, 11]. When the concen-
tration of PAN/DMF solution is out of the optimal range of 
12.5–17.5 %, it is difficult for the high-viscosity solution 
to form continuous fibers. In our previous work, sonication 
treatment has been demonstrated to reduce solution viscos-
ity [12], and improve fiber mechanical properties [13]. How-
ever, the effect of sonication treatment on electrospinnabil-
ity and its varying tendency with the sonication time are still 
undefined. This study has a guiding function to electrospin-
ning and is also valid for bubble electrospinning [14].

Abstract The electrospun microfibers of high-viscosity 
polyacrylonitrile (PAN) solution possess stronger tensile 
strength, but poor electrospinnability. Sonication treatment 
was introduced to improve the electrospinnability of high-
viscosity PAN solution. The influences of sonication time 
on the solution properties, including dynamic rheological 
properties, electric conductivity and surface tension, as 
well as the deformation of Taylor cone and electrospinning 
jet whipping behavior were investigated. The surface mor-
phology of the resultant fibers was observed using scan-
ning electron microscope, and the mechanical properties 
of the fiber mats were measured through tensile test. The 
experimental results indicated that the electrospinnabil-
ity of the PAN solution was significantly improved by the 
sonication treatment due to the improved rheological prop-
erties, increased electric conductivity and reduced surface 
tension. It was also found that sonication treatment could 
elongate the Taylor cone and drastically intensify the whip-
ping instability of the electrospinning jet. When the solu-
tion was treated for 4 min (720 W), the average diameter of 
the obtained electrospun PAN fibers reduced from 3,180.46 
to 2,657.23 nm as the unevenness rate reduced from 
16.38 to 15.27 %. The tensile strength of microfiber mats 
increased from 2.50 to 6.61 MPa, showing an increment of 
164 %, while the Young’s modulus is strengthened fivefold, 
increasing from 39.49 to 248.97 MPa.
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