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Preparation of high-efficiency air filtration microfiber membrane

for electrostatic centrifugal spinning
ZHOU Jing . LU Yishen, HOU Ten, WANG Antuo, LI Xianglong . YANG Bin
(College of Textile Science and Engineering (International Institute of Silk),
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to effectively isolate PM, ; in the air, we prepared microfiber membranes with electrostatic
centrifugal spinning technology by using polyacrylonitrile (PAN) and N,N-dimethylformamide (DMF) as the raw
materials. The prepared microfiber membranes are fluffy, with well-organized fiber arrangement. We
studied the effects of PAN molecular weight, PAN/DMF ratio, needle size, and spinning speed on the
morphology and diameter of microfiber membranes, and then analyzed the effects of fiber membrane
weight and filtration wind speed on the filtration efficiency and air resistance of microfiber membranes. The
results demonstrate that when the PAN molecular weight was 1. 5X10° g/mol, the mass ratio of PAN/
DMF was 15/85; the needle size was 27G, and the rotation speed was 2500 r/min; the microfiber
membrane was arranged tightly, without obvious string of beads and with the best morphology. At the
same time, the filtration performance was over 98%, and the air pressure was reduced to 20 Pa. The
microfiber membrane could effectively block PM, ; particles. This study provides the reference for the
development of new air filter materials.

Key words: electrostatic centrifugal spinning; microfiber; spinnability; filtration efficiency

, 300 ol

:2019—11—18 :2020—04—02
(1993— D),

,E-mail: yangbin5959(@zstu.edu.cn



. (23 . PAN . PAN
2.5 pm ’ ’ H PAN N
. , \ ( \ )
4 P “ o
” )y o,
[3] . 1
R 1.1
R PAN ( My =8 0xX10",1 5X10°,
. . 2.5x107, ) ;s DMF (
[5] 3 s , )
. e 1.2
. . . L21
. PAN (8 0X10",
. . L 5X10°.2 5X10%) 25 mL \
. PAN/DMF
e 13/87.15/85.17/83 .
Lol , 50 °C
. 12 h, .
i 122
s [12-13] . 1
[14] . s
[} [} . O’\“lo kV H
, o y 0~10000 r/min
(PAN) . ; ;
20 30 , .
40 PAN , 30G.27G  25G
[15] s
6] PAN ’ 9 kV; ’
N ’ N N H ’ 25 OC ’

(a) BB LG LT 2RE (b) B O GT L Bt
1



620 ( ) 2020 43

1.3 )
131 ,
N , Origin R
, ULTRA55S
(FE-SEM) . 2
Image]2X , 2.1
100 , 2 . PAN/DMF
Origin . 3D SEM :
27G, 2500 r/min, 1 )
o PAN 8 ox10* ,
L3 2 , PAN
(GB/T 14295—2008 » s s ; PAN 1L 5X10° ,
PM, ; . 3
10 cm X 10 cm , PAN .

100 um

(d) 8.0x10%, 15/85

100:m|

J 100 um AT ‘ | ¥
(g) 8.0x10%, 17/83

g % / o<
(1) 2.5x10°, 17/83

(h) 1.5x10°, 17/83

2 PAN, PAN/DMF SEM
PAN 15/85 .
o , 2.2
, ; , (G , )
’ o PAN 3 4
, . PAN SEM 3 )
PAN , 306G 25G , 30G
. PAN ; , ,
, PAN o , 30G.27G
; . SEM 25G

; PAN 1. 5X10° ,PAN/DMF ,



621

b ’ 9 o

o , PAN

50
40 S35 B 4%£=809 nm
2230

Nl
520

10
0

100 pm: 0.50.60.70.80.91.01.11.21.31.4
L4 E A /nm
(a) 30G (200%) (b) 30G (1000%) (c) 30G
a0 FHEAE=704 nm
Q25
43320
N\ el 15
10
5
0
100 pm \ 4007500 600,700 800 900T000
A4 EHF/nm

(d) 27G (200x) (€) 27G (1000x) (f)27G

0 S EAE=798 nm
4;25
20
s
im 10
5
0

600 700 800 900 1000

A4 H#4/nm
D) 25G
3 PAN SEM
2 S4B 42=830 nm
4 <20
£15
KR
= 410
s
100 pm 0%00 700-800 900 10001 100
A4 H A /nm

» S [ 2 .
(a) 2200 r/min (200x) (¢) 2200 r/min

o S EHA%=704 nm
220
15
&10
5
, 0
100 pm 400 500 600 700 800 900
) ] Y4 HA/m
(d) 2500 r/min (200x) (e) 2500 r/min (1000x) (f) 2500 r/min
S — o /4 ’r il ;s S EH42=864 nm
W <30
=25
f::zo
@15
im0
‘ 5
A\ | 00 700 800 900 10001100
. g — A4 HF/nm
(2) 2800 r/min (200%) (h) 2800 r/min (1000x) (i) 2800 r/min

4 PAN SEM



622 ( ) 2020 43
PAN SEM , 27G, 2500 r/min,
4 s 2200, 2500 2.3
2800 r/min PAN , o
831.704 863 nm, 3D 5Ca),
(1. , o
F =mRw?* @9) s
. F ,N;m ,g3R ,
,M;w ,r/min, , ,
(D s s B
o b b 1 ’
) 3D 5(b)9 14 Hma
100 pm
(a) 43D BB (b) FEBEIDEMERTEE
5 PAN 3D
2.4 PAN o 6 PAN
’ o 6(a) .
s 32 m/min , ,PAN
o ’ ° 2 1 g/mg
) , 99%, 20 Pa,
1207 o iduERE 30
- 55 04r X
100+ '.?jfiji. 125 \
o—o -
X 801 / /. 120 £ £03f \,\
> . ~ -~
@60‘ ./ /. <15~§ 02_ D—L\V/b
»” . r &
£ 401 - 11024 o=
./ 01 L
20} -— 15
—
] 1) 0o
03 06 09 12 15 1.8 21 03 06 09 12 15 1.8 21
PANEALT AT E /(g m?) PANBYH 4T 4 5 7, 5 /(g-m™2)
(a) IR A =SS (b) I8 & iR R 3
6 PAN



623
(2) : )
—In(1— 1) 1L 8~2 2 g/m?
QF =2 ) e/
AP .7 PAN
:QF sPa ' V05 AP \
,Pa, s . ,
(2) , , s
0 ’ R , PAN
6(b) ) 0.3g/m 5 6 Pa, ,
, 2.1 g/m?* > 20 Pa o PAN
99%, 20 Pa ; .
105 e PANEOREE [ —=-PANGAIF AL
100 —e— A m T dE A 2100 —o— PRI A
180F
o <
S 951 150}
i§2 90} =120}
sy o0l
2 85t w0
60
0 30r .__'/-—l/./.
75 1 1 1 1 1 1 0 1 L 1 1 1 1
10 20 30 40 50 60 10 20 30 40 50 60
K PEE/(m min) R YR BE/(m-min™)
(a) TIERE (b) Z=RBEA
7 PAN
PAN s b) ,
, . ( 98% ,
\ N s 20 Pa) .,
, s [1] Fisher J E, Loft S, Ulrik C S, et al. Physical activity,
, i air pollution, and the risk of asthma and chronic
obstructive pulmonary disease[ J]. American Journal of
Respiratory and Critical Care Medicine, 2016, 194(7)
855-865.
PAN ’
(2] ,
’ (1] , 2007, 24(5); 528-529.
’ [3] , .
’ : [J]. . , 2015, 25(7): 6-14.
a) PAN 1 5X10° ,PAN/DMF [4] Watanabe T, Tochikubo F, Koizurni Y, et al
15/85, 27G, 2500 r/min Submicron particle agglomeration by an electrostatic
, agglomerator[ J ]. Journal of Electrostatics, 1995, 34
704 nm, , , (4): 367-383.

[5] Zhu M, Han J, Wang F, et al. Electrospun nanofibers
L)1

membranes  for  effective air filtration



624

( ) 2020 43

Macromolecular Materials and Engineering, 2017, 302
(1): 1600353.

[6] Oak M, Saville D. The buildup of dendrite structures on
fibers in the presence of strong electrostatic fields[J].
Journal of Colloid and Interface Science, 1980, 76(1).
259-262.

[7] Nielsen K A, Hill J C. Particle chain formation in
aerosol filtration with electrical forces [ J ]. AIChE
Journal, 1980, 26(4) . 678-680.

[8] Xu Y. Zheng C, Liu Z, et al. Electrostatic precipitation
of airborne bio-aerosols[ J]. Journal of Electrostatics,
2013, 71(3): 204-207.

[9] . ) LJl.

,2019,10(29) :1-12.

[10] . , ,

0l , 2019, 60(2): 52-56.

[11] Chen H H, Li X L, Li N, et al. Electrostatic-assisted
centrifugal spinning for continuous collection of
submicron fibers[ J]. Textile Research Journal, 2017,
87(19) . 2349-2357.

[12] Xu H Z, Chen H H, Li X L, et al. A comparative
study of jet formation in nozzle - and nozzle-less
centrifugal spinning systems[]]. Journal of Polymer
Science Part B: Polymer Physics, 2014, 52(23) . 1547~
1559.

[13] Golecki H M, Yuan H Y, Glavin C, et al. Effect of
solvent evaporation on fiber morphology in rotary jet
spinning[ J]. Langmuir, 2014, 30(44) . 13369-13374.

[14] . /

[D]. , 2017, 51-64.

[15] Shou D H, Fan J T, Ye L, et al. Inverse problem of
air filtration of nanoparticles; Optimal quality factors
of fibrous filters[ J]. Journal of Nanomaterials, 2015,
2015 1-11.

[16] Kanaoka C, Emi H. Otani Y, et al. Effect of charging
state of particles on electret filtration [ J]. Aerosol
Science and Technology, 1987, 7(1): 1-13.

[17] Ohkawa K, Cha D, Kin H, et al. Electrospinning of
chitisan [ J ]. Macromolecular Rapid Communication,

2004, 25(18): 1600-1605.



