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Fig.1 Linear free-liquid surface electrospinning device
12 #Hl&

PRI — 52 ) PVDF #3 K I\ DMF % # H , 4%
—EBCHCE T, R RS Y L iR
BOor N 12% 5 14% 1 16% .« F 3 01 i 25 3 58 4F
Jei s TBON KU B P A BE HE 8 b, K 10 1 25 1 KR
BHN60 C, AN KON 5 h, BFEWETHEY 2
S, fE IR CE A O T DL R R
e MBI R B v O 220 B AT 9K
21 Yk Y i) 5
13 Mk 5 RAE

KoK AE BB T A AR T, 28 T IR
ASCOrT R AT I e AE B, SR A9 48 L T A UL R N
KEFYEIEIN -

14 BHlFpRGLEE

Fig.1 b H il £ 8 5 da v % il 9 22 R B R &
B, 5 B 22 WSk L AT I A W VI A A
WSt B AR a2 B LA . SEBR R P, 3R K

FEH16 emy B 120° 7040 (04 22 2 e AE & Jm i |, &
JE R LA, AR IE I S B LA I, W]
FH A T 42 o) P B L Tk, DL ST B A A o

SIS FE R, T R A R HL 3 6 B Bl AL )
LRGP R OE AR B B R AR, S AR
FIH L AN G A . B B, L B g a2 Sk i
By, 4 £ H B AS I R 3 i R R R A T
U 2 W 27 SR SR T HE N S AR, F RS
VIV WA e AR A, JRAE & BT il — )2 i
WM REERER. EERRmsk MBI h
MR EAER T, BT 5 R - 22 8 A Fa0E v, 78 55 75 4
2 F IR o 2R AN I R A IS R .
T 37 A A 15 V00 TRG b 1 F 4y B BT AT 0 A, SRR
Ao 43 A7 15 5 T 3% #2 1E A% 0 OB AR I — i, 52 FLIg
JIAE T, 0T 3 A B A R s B HE TR, 7R 2 %
M T, BAEHAE B 1A wEER. BT R
75 5 (0 L 82 T HL AT R T, SRR ) UL R RS B I
E— 5 Wl A AR A, TR I R R, T AE AR R
A4 PVDF 9K 27 4 . Fig.2 A2 |5 b v it 5%
i b 55T I AR

Fig.2 Electrospinning process
L5 KIgt
AW T IR SRR it ik, HR T RE

VW By B AR L 5 22 BE S T R 4
FE L2 S B G oK 2 4 B AR K H 5y A B RS
N T E AT LSS B nE s, HAET
S B0 R B0d 2 i e A AT S RS SR S BUI 3 A K
1, B3k HXDY PR 3R = 7K1 IR A2 vk 3R Ly (3*) #E AT 5K
5. ZHODE G W Tab.1 Bros , & W)V W &
7 H(12% 5 14% F1 16%), T AE H K (65 kV, 70 kV Fl

Tab.1 Factor levels

Level Factor
A B C D
Mass fraction/% Voltage/kV Distance/cm Rotate speed/ (r-min™)
1 12 65 15 4
2 14 70 20 6
3 16 75 25 8




Tab.2 Orthogonal experimental results

Trial A B C D Min/nm Max/nm MFD/nm RSD/%
1 1 1 1 1 149 891 419.28 33.58%
2 1 2 2 2 97 521 266.42 32.50%
3 1 3 3 3 61 491 192.28 40.14%
4 2 1 2 3 139 985 373.04 49.78%
5 2 2 3 1 110 743 301.61 47.20%
6 2 3 1 2 95 572 196.50 41.64%
7 3 1 3 2 248 950 442.70 33.57%
8 3 2 1 3 139 1068 336.55 53.75%
9 3 3 2 1 160 1028 431.58 41.09%
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Fig.3 Diameter distribution of PVDF nanofibers
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Tab.3 ANOVA results of nanofiber process parameters

Sorl.lcet of Quadratic sum Degree of freedom Mean square F P Significance
variation
Model 38253.56 10 38253.56 10.03 0.0003 *

A 19292.35 1 19292.35 50.57 <0.0001 *

B 289.52 1 289.52 0.076 0.7880

C 16259.81 1 16259.81 4.26 0.0633

D 841.12 1 841.12 0.22 0.6478

overall error 42453.23 15
note“*”indicates P<0.01
Tab.4 Range analysis results
Performance index Index Al% B/kV Clem D/(r min™)
Average diameter of nanofibers/nm K1 877.98 1235.02 1152.47 1152.47
K2 871.15 904.58 1071.04 905.62
K3 1210.83 820.36 936.59 901.87
k1 219.49 308.76 288.12 288.12
k2 217.79 226.15 267.76 226.41
3 302.71 205.09 234.15 225.47
R 414.66 134.45 399.68 250.6
Primary and secondary A>C>D>B
factors
Prioritization scheme A2B3C3D3

(D) [ ZEE (R) 77 Il A 414.66, 134.45, 399.68 Fil
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Fig.5 Influence of process parameters on MFD of free liquid surface electrospinning
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Linear Free Surface Electrospinning Nanofibers

Haiying Zhou', Yihui Wang', Hesheng Liv’, Sheng Xing', Junjie Huang'
(1. School of Mechanical and Electronic Engineering, East China Institute of Technology, Nanchang 330013, China ;
2. School of Mechanical & Vehicle Engineering, East China Jiaotong University, Nanchang 330013, China)

ABSTRACT: In this study, copper wire was used as nozzle electrode to design and build a set of linear free liquid
surface electrospinning experimental device. An L9(34) orthogonal experiment was designed to study the effects of
four major process parameters, namely, polymer solution concentration, input voltage, spinning distance and nozzle
rotation speed on the morphology and distribution of PVDF nanofibers. The multiple quadratic regression equation
between the process parameters and average diameter of nanofibers was established, and the influence of single factor
was analyzed. The average diameter of the nanofibers obtained in the experiments is 192~443 nm, and the relative
standard deviation is 32.5%~53.75%. The results show that under certain conditions, the average diameter of PVDF
nanofibers increases with the increase of polymer concentration and voltage, and decreases with the increase of
spinning distance and nozzle rotation speed. According to variance and range analysis, the concentration of polymer
solution has the greatest influence on the average diameter of nanofibers, followed by the spinning distance and
nozzle rotation speed, while the input voltage has a relatively low influence on the MFD of nanofibers.

Keywords: nanofiber; electrospinning; free liquid surface; polyvinylidene fluoride; process parameters



