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Process optimization of polyvinylidene fluoride/polypropylene gradient

composite filter media based on BP neural network

KANG Le', WANG Lizhi*, GAO Xiaoping "
(1. College of Light Industry and Textile, Inner Mongolia University of Technology, Hohhot 010010, China;
2. Inner Mongolia Fiber Quality Monitoring Center, Hohhot 010010, China)

Abstract: Mask was an important epidemic prevention barrier to prevent virus from entering human body through
respiratory system and mucous membrane. The disposable mask had some problems, such as rapid decline of filtra-
tion efficiency with electrostatic attenuation, large respiratory resistance, short service life and so on. Electrospun
nanofiber membrane was compounded with melt blown cloth to reduce the dependence of particle filtration on
static electricity and realize long-term filtration. Polyvinylidene fluoride (PVDF) nanofiber membrane was pre-
pared by electrospinning with N, N-dimethylformamide (DMF) as solvent. Then it was coated with polypropylene
(PP) melt blown base cloth to prepare PVDF/PP nano/micron structure composite fiber membrane. The effect of
electrospinning process parameters on the aerosol filtration performance of composite fiber membrane was experi-
mentally studied. The ternary quadratic polynomial model was established to optimize the spinning process and
predict the fiber membrane resistance. At the same time, the back propagation (BP) neural network model was con-

structed to predict the fiber membrane resistance. The results show that the effects of voltage, receiving distance,
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injection speed, spinning solution concentration and fiber membrane surface density on the filtration efficiency

and filtration resistance are consistent. When the concentration of spinning solution is 15wt% and the area density is

3 g/m?, the optimized spinning process parameters are voltage of 30 kV, receiving distance of 16.8 cm and injection

speed of 1.6 mL/h. The filtration resistance predicted by polynomial model is 76.79 Pa, the relative error is 9.23%,

and the error coefficient of variation (CV) value is 59%. The filtration resistance predicted by BP neural network is

81.25 Pa, the relative error is 1.99%, and the error CV value is 48%. The experiments show that the ternary quadratic

model and BP neural network have high prediction accuracy.

Keywords: nano/micro composite fiber membrane; optimization of electrospinning parameters; air filtration;

nonlinear fitting; ternary quadratic polynomial model; BP neural network
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Table1 Factor level
Level Voltage/kV  Receiving distance/cm Injection speed/(mL-h™") Concentration/wt% Area density/(g-m™)
1 25 10 0.5 11 1
2 26 13 1.0 12 2
3 27 16 1.5 13 3
4 28 19 2.0 14 4
5 29 22 2.5 15 5

®2 XWAHR
Table2 Experimental scheme

Group Voltage/kV  Receiving distance/cm Injection speed/(mL-h™") Concentration/wt% Area density/(g-m™)
1 25 16 1.5 12 3
2 26 16 1.5 12 3
3 27 16 1.5 12 3
4 28 16 1.5 12 3
5 29 16 1.5 12 3
6 27 10 1.5 12 3
7 27 13 1.5 12 3
8 27 16 1.5 12 3
9 27 19 1.5 12 3
10 27 22 1.5 12 3
11 27 16 0.5 12 3
12 27 16 1.0 12 3
13 27 16 1.5 12 3
14 27 16 2.0 12 3
15 27 16 2.5 12 3
16 27 16 1.5 11 3
17 27 16 1.5 12 3
18 27 16 1.5 13 3
19 27 16 1.5 14 3
20 27 16 1.5 15 3
21 27 16 1.5 12 1
22 27 16 1.5 12 2
23 27 16 1.5 12 3
24 27 16 1.5 12 4
25 27 16 1.5 12 5
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Fig.1 Structure of back propagation neural network
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Fig. 8 Fitting of back propagation (BP) neural network for NMCM spinning process
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iSRSy S R = (B SRS s Sy S
NMCM i 38 770 BRI v 0, i =0 K
22 T A 7R 0 A 6 R 25 7E 2.21% F 20.45%, 1R

i BP #2845 10 A X 1R 22 7F 1.38% £ 4.70%,
wEBE N 1.99%, 2% CVIH N 48%., K W] BP
Pl 2 D 2 1) DU AE A PR TR = . T SO0 IR E I
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Table 3 Verification of NMCM spinning process optimization model

Predicted value of filtration resistance/Pa

Absolute value of relative error/%

Group Actual value

Ternary quadratic polynomial BP neural network Ternary quadratic polynomial BP neural network
1 214.97 210.23 219.00 2.21 1.88
2 143.43 160.32 143.50 11.77 0.05
3 145.77 128.06 143.75 12.15 1.38
4 100.73 113.46 102.50 12.63 1.75
5 119.17 116.51 122.00 2.23 2.38
6 131.13 136.37 133.50 4.00 1.80
7 143.70 134.60 147.00 6.34 2.30
8 145.77 128.06 143.75 12.15 1.38
9 102.17 116.77 104.50 14.29 2.28
10 107.33 100.72 110.00 6.16 2.48
11 125.93 119.31 128.50 5.26 2.04
12 108.50 130.69 110.50 20.45 1.84
13 145.77 128.06 143.75 12.15 1.38
14 97.90 111.43 102.50 13.82 4.70
15 83.10 80.80 85.00 2.77 2.29
3 #it T 2 U5 18 P A, ok AR A i L

AR i 9. £ M (PVDF) iy J5URE, 2 T 7 il 25 22
T LG H R, 5w AE R 2 A
PVDF/3 N ¥ (PP) 2N /PK & & 241 4k iR (NMCM),
M TSI . 5 22 TS8O0 A 4E e 51

Fd BE VR RESE WA o AL AL AR, RE T S 22
TN 27 4 R i g A EQW,Uﬁ%mﬁ%E

FEMRAY 22 T2 58 S5ieWT .

(1) 75 10 % £ & 3 g/m? PVDF 44 >k £ 4 i 5
20 g/m’ PP UK EF A I M B &, 1B BN E & 45
Mg £F 4 5 NMCM., SEM WL %% 2| PVDF £ 4 Ji& 1 4%
Ib Tk N . NMCM 3 IESCR 5 15 95% L |
1 UERH J17E 70~200 Pa SRl , Bl 2 F1EE B 2R

(2) &5 22 T. 2% 32 B A0 55 4 ik BH g 19 5% i
P, MEHE N, RS R TFREEE
I 2 S P R A T o, AR 5 BH e B i [
. BEL 2 WM FERG N, 21 4698 25 th BRoRLIR 2
A B, HEF4ERmEotiE . Ff PVDF 44K

Ko BT LA F bk 27~29 kv, #2025
16~22cm, ¥k 1.5~2.5mL/h, 25223 E 13wt%-~
15wt%, i %)% 1~3 g/m?;

(3) LALF 4 ps ik uE BH I3 o4 H AR, B ==
R 22 T 2 ARE R 1) A5 7% (BP) i 28 X 4% A Ak 25 22
T2 &b T22ECh R 30KV, FE Ry
16.8cm, ¥} 1.6 mL/h, 38430 W Rl A4k 5
A% 8 = o R 2 I W AR 2508 9.23%, 15
X JR] B /NBH 11 M 76.79 Pa; BP 1 25 W) 45 AH X
BRZEN 1.99%, 15 B ) WINAE S 81.25 Pa, T IR
e, NERm g T i, S5y B,
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