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Abstract: How to increase the ejection efficiency of an electrospinning jet by inducing sheath gas
focusing was investigated, and an electrospinning experimental setup with sheath gas focusing was
built up. The ejection and movement behaviors of electrospinning jet under the sheath gas was
analyzed. The effect of some of technological parameters such as the pressure of sheath gas on a
electrospinning current was studied based on the theoretical model. The experiments indicate that the
sheath gas promotes the stretching and thinning of the electrospinning jet, by which the critical
voltage of electrospinning and the diameter and distribution area of a nanofiber have been decreased.
As the pressure of sheath gas is increased from 0 kPa to 50 kPa, the critical voltage of electrospinning

decreases from 10. 2 kV to 2. 9 kV. When the applied voltage is 4 kV, the front-end of electrospinning
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jet takes 4.4 s to reach a collector and produces a peak current of 532 nA. The electrospinning current
ranges from 300 nA to 500 nA during the stable ejection process. Moreover, both the diameter and
surface charge density of electrospinning jet have been decreased by the sheath gas focusing, and the
electrospinning current is only one seventh of that without sheath gas. Under the sheath gas focusing,
the electrospinning current decreases with the increasing of gas pressure and the distance between
nozzle and collector, but increases with the increasing of applied voltage and the concentration of
polymer solution. It concludes that the sheath gas focusing restrains the charge interferences in
electrospinning processing, decreases the diameter of electrospinning., improves both the injection
stability of electrospinning and uniformity of nanofiber. This work provides a good way to improve the
control level of electrospinning technology.
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Precise micro-nano current detection and jet

injection control system
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Fig. 2 Module of precise micro-nano current detection
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Fig. 3
electrospinning jet without sheath gas ( The
concentration of polymer solution, flow rate,
distance between nozzle and collector is

10 wt%, 100 puL/hr, 8 cm, respectively.)
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Ejection behaviors of electrospinning jet under

Fig. 4
sheath gas focusing ( Concentration of polymer
solution, flow rate, distance between nozzle and

collector, pressure of sheath gas is 10 wt%,

100 pL/hr, 8 cm, 25 kPa, respectively.)
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Fig. 5 Relationship  between critical voltage of
electrospinning jet and pressure of sheath gas
( Concentration of polymer solution., flow

rate, distance between nozzle and collector is

10 wt%, 100 pL/hr, 8 cm, respectively.)
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Fig. 6  Electrospinning nanofiber under sheath gas focusing
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with different pressures ( Concentration of polymer
solution, flow rate, distance between nozzle and
collector is 10 wt%, 100 upL/hr, 8 cm,

respectively. )
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Fig. 7 Relationship between diameter of electrospun

nanofiber ~and  pressure of sheath gas
(Concentration of polymer solution, flow rate,
distance between nozzle and collector is 10 wt%g ,

100 pL/hr, 8 cm, respectively. )
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Fig. 8 Relationship between electrospinning current and
ejection time under the restriction of sheath gas
(Concentration of polymer solution, flow rate,
voltage, pressure of sheath gas, distance between

100 pL/hr,

4 kV, 12.5 kPa, 1 cm. respectively. )
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Fig. 9 Relationship between electrospinning current and
applied voltage under different pressures of sheat
gas ( Concentration of polymer solution, flow
rate, distance between nozzle and collector is

8 wt% . 100 pL/hr. 1 cm, respectively. )
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Fig. 10  Relationship between electrospinning current
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Fig. 11 Relationship between electrospinning current
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Fig. 12  Dynamic response of electrospinning current under
step-variable applied voltage ( Concentration of
polymer solution, flow rate, pressure of sheath

gas, distance between nozzle and collector is 8 wt% ,

200 pl/hr, 12.5 kPa, 1 cm, respectively. )
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Fig. 13 Electrospinning jet restricted by sheath gas
under different applied voltages (Concentration
of polymer solution, flow rate, pressure of
sheath gas, distance between nozzle and
collector is 8 wt%, 200 pL/hr. 12. 5 kPa,

1 cm, respectively. )
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