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The characterization of electrospun fibers and its gas—liquid filtration
performance
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Abstract: 3-Layers composite filters with glass fiber/polyacrylonitrile fiber/glass fiber structure were constructed by
electrospinning the solutions prepared by polyacrylonitrile and dimethylformamide. The effects of electrospinning
parameters such as solution concentration and spinning voltage on fiber morphology and the filtration performance
were investigated. The results showed that nanofibers of different morphologies can be prepared by controlling the
concentration of spinning solution, and the larger the fiber size with increasing the solution concentration. The
spinning voltage had little effect on fiber morphology, but increasing spinning voltage can reduce the pore size of the
electrospun fiber layer. Compared with glass fiber filter, the filtration efficiency of composite filters were improved
significantly. The maximum steady-state efficiency can be increased by 21%, and the efficiency of most penetrate
paticles size can be increased by 39%. However, when the pore size of composite filter was small, the process
pressure drop showed a jump stage where the liquid film is formed on the surface of the nanofiber layer, leading to an
increase in the stady-state pressure drop.
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Fig.1 Schematic diagram of electrospinning apparatus
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Fig.2 Schematic diagram of the composite filter Structure
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Fig.3 Schematic diagram of experimental setup for filtration performance test
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Table 1 Property parameters of polymer solution
Si?;;:ft:;liiz?n Viscosity/ Surface Conductivity/
(@/mL) (mPa-s) tension/(mN/m) (uS/m)
0.08 85 379 57.5
0.10 170 37.0 64.4
0.12 360 36.5 68.4
0.14 590 34.3 77.0
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Fig4 SEM images of nanofibers prepard from PAN solution with different spinning concentrations and voltages
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Table 2 The properties of fibres

Material ~ Concentration/(g/mL) Fiber morphology Fiber size/nm
S Diameter
Glass fiber 0 Cylindrical fiber 1000~8000
Bead (Diameter .

PAN/DMF 0.08 407~1500 nm) Diameter 100~500
PAN/DMF 0.10 Cylindrical fiber Diameter 180~500
PAN/DMF 0.12 Double chain Width 400~1400
PAN/DMF 0.14 Double chain Width 800~2600
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Fig.5 Fiber size distribution of nanofibers with different spinning concentrations (Voltage 20 kV)
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Fig.7 Pore size distribution of composite filter prepared with different spinning concentrations (Voltage 20 kV)

Average pore size/pum

4r Spinning concentration/(g/mL)
L —=—0.08 —0—0.10

3 —A—0.12 —v—0.14

2L

8 10 | 12 | 14 | 16 | 18 | 20
Voltage/kV
K8 Haugkrflekags 42853

Fig.8 Relationship between average pore size of composite
filter with spinning parameters
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