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Fig. 1 Stable jet electrospinning process

(a) Schematic illustration of the set-up; (b) Actual process showing continuous electrospinning of an ultrafine CTS filament
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Table 1 Parameters used for stable jet electrospinning of PEO-doped CTS solutions
Samples Concentration Voltage Collecting Feeding rate  Rotating speed Ambient Ambient
(CTS/PEO) (%) (kV) distance (cm) (mL/h) (m/s) humidity (%) temperature (°C )

90/10 3 8 10 2 0.157 30 25

80/20 3 6.5~11 6~15 2 0.157 ~1 30 25

70/30 3 8 10 2 0. 157 30 25
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Fig. 2 SEM images (a ~c) of the electrospun CTS fibers by SJES at varied CTS/PEO weight ratios of (a) 70/30, (b)

80/20 and (c¢) 90/10; (d) the correlation of fiber diameter and CTS/PEO ratios; (e) relationship of viscosity/conductivity

versus the ratio of CTS/PEO for different polymer solutions
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Fig. 3 Dependence of fiber diameter on applied voltage in

SJES
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Fig. 4 Jet diameter (D) versus axial collecting distance (L)

in SJES for a stable jet of 3 wt% CTS/PEO (80/20)

The inset SEM images (a, b ) show representative fiber

morphologies collected at the distances of (a) 6 cm and (b) 15

cm, respectively.
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Fig. 5 SEM images of CTS/PEO (80/20) fibers by SIES coagulated in: (a) coagulation bath of Ve, (gium nydroxide V759 ethanot =971, (b)

coagulation bath of Vg,

odium hydroxide

2 Visa emanol =95, (¢) after washing fibers in (b) and (d) coagulation bath of V_....: Veawot =35:5

Other parameters used are as follows: applied voltage 8 kV, feed rate 2 mL/h, collecting distance 10 cm.

2.5 REFKEHRIT

VAL T 285 % W SIES il % /9 CTS
SYEEARAE 10 wm PUF, O i — 20 [ IR 45 4E 20
JE TR ERLE (8 kV) HEUCEE B (10 em) (TEH
HAR(2 mL/h) BEFEE T (Veione Vtana =5°5)
Legiid (ca. 25 C) WA AF R WEFE T ol A2 4R T
XA AE AR R . AN 6 Fir s, BE A R fAT
B, 2F 2 1 1 2 AR 3 M R AR X TR

1 R TR A A T AR KA TR i A b Ty, S BT 4
A SR B R AR A Ly g ) UL R e R AT A S
IR ET i BRI A 28T Bz — 5 SR T 25 4R 7 e
o —A il FE A 1 m/s 1), CTS 27 4k [N 7K 32
SR AAT R DR i g i T 2L
2.6 FTIR 5347

& 7 &4l CTS,PEO LI ¢ F SIES ¥k il % 1



136 o4 ¥ 2014 4¢
7
6 -

W
T

Diameter (um)
IS wn
T T

d 1 1 1 1 1 1 1 1
03 04 05 06 07 08 09 10 1.1
Speed (m/s)

Fig. 6 SEM images of the electrospun CTS/PEO (80/20) fibers by SJES collected at rotating speeds of (a) 0.32 m/s, (b)

0.52 m/s and (c¢) 1 m/s; (d) the dependence of fiber diameter on rotating speed of collector in SJES
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Fig. 7 FITR spectra of (a) pure PEO, (b) electrospun
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Fig. 9 (A) Azimuthally scanning profiles of the as-prepared CTS/PEO (80/20) fiber yarns collected at 6 em (a) ,10 em (b) and 15 e¢m (c¢);

(B) Relationship of crystalline orientation and collecting distance as obtained from WAXD analysis on the aligned CTS/PEO (80/20) fibers by

SJES at 10 kV; (C) Azimuthally scanning profiles of the as-prepared CTS/PEO (80/20) fiber yarns via (a) WS (wet spinning) at 0. 157 m/s,

(b) SJES at 10 kV, 0.157 m/s, (c¢) NES (normal electrospinning) at 18 kV, 0.157 m/s and (d) NES at 18 kV, 10.647 m/s; (D)

Comparison of crystalline orientation of fiber yarns fabricated from different methods in (C).
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Fig. 10 (A) Typical tensile stress-strain curves of single fibers prepared by SJES (CTS/PE0(80/20)); (B) Plot of tensile strength and

modulus versus fiber diameter of the single fibers
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Aligned Ultrafine Chitosan Fibers from Stable Jet Electrospinning

Hui-hua Yuan, Hong-bin Tu, Bi-yun Li, Qin Li, Yan-zhong Zhang"
( College of Chemistry, Chemical Engineering & Biotechnology, Donghua University, Shanghai 201620)

Abstract Using chitosan (CTS) as a model polymer,the feasibility of obtaining aligned ultrafine CTS fibers
were demonstrated by employing a small amount of ultrahigh molecular weight poly ( ethylene oxide) (PEO) to
formulate the solution viscoelasticity , which enables to suppress the electrospinning bending instability to form a
pretty long and stable jet ( this approach was termed as “stable jet electrospinning” , SJES). This makes
continuous fabrication of aligned ultrafine fibers, as achievable in those traditional fiber forming methods
(e. g. ,dry spinning or dry-wet spinning) ,to come into reality. Here , a systematical parameter study is reported
on the SJES process including mass ratio of CTS/PEO , applied voltage, collecting distance, coagulation bath
and rotating speed of drum. Characterization of the resultant electrospun CTS fibers by SEM ,FTIR , WAXD and
nano-tensile testing was also performed. The result showed that SJES enabled to produce individual CTS fibers
with a diameter of <10 pwm. The diameters of CTS fibers could be attenuated to ca.3 pm by varying applied
voltage and stretching speed. The electrospun CTS fibers by SJES were of high mechanical performance , with
the measured tensile strength and modulus of (762 £93)MPa and (11 +6) GPa,respectively. SJES facilitated
polymer chain and crystalline orientation, which may have contributed to the significant improvement in the
mechanical properties of thus made ultrafine CTS fibers.

Keywords Electrospinning, Aligned ultrafine fibers, Chitosan, Crystalline orientation
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