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Separating thermally stimulated currents of electret non-woven fabric and 

newly evaluating filter performance by visually analyzing of technologies. 

by
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Education center 

Abstract

This study measured the thermally stimulated current (TSC) of an electret air filter. The TSC method can examine the 

charged state of not only the film insulation material but also the fiber structure. The experimental air filters used in this 

study consisted of eight types of polypropylene non-woven fabrics with different structures. The observed TSC 

spectrum exhibited a complex waveform that contributed toward multiplex traps. However, using the trap state 

visualization analysis technique developed by the author, the TSC spectrum could be precisely separated. As a result, it

was found that deep activation energy of the trap, which had excellent air filter performance, had deep activation energy 

and that the heat resistance of the air filter can be improved by reducing the escape frequency factor due to additives.
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Fig. 1 Scanning electron micrographs of experimental air 

filters. 
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Table 1 Physical properties of experimental air filters and 

charging treatment. 
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Fig. 2 Schematic diagram of electrode configuration. 
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Fig. 3 Schematic diagram of TSC measurement. 
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Table 2 Air filter performance. 

No.  
P (Pa) 

 
C (%) 

 
Qf (Pa-1) 

1 12.7 45.5 4.78 

2 13.8 50.3 5.07 

3 11.1 89.2 20.1 

4 13.5 87.9 15.6 

5 4.0 33.1 10.0 

6 2.9 36.8 15.8 

7 53.3 99.7 10.9 

8 57.9 99.5 9.15 
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Fig. 4 Relation between collection efficiencies and 

pressure drops. 
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Fig. 5 Relation between quality factors and collection 

efficiencies. 
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Fig. 6 TSC characteristics for electret nonwoven fabric. 
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Fig. 7 TSC characteristics for electret nonwoven fabric. 
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Fig. 8 TSC curve calculated from equation (2). 
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Fig. 9 Bucci plot for Fig. 8. 
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Fig. 11  Et T characteristics for Fig. 8. 
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Fig. 12 Et T characteristics for differential signals. 
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Table 3 Parameters of the resultant TSC spectra. 
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Fig. 13 An exactly separated TSC spectra by visually 
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Table 4 Parameters of the resultant TSC spectra. 
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Et  (eV) 1.02 0.651 ------ 
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Fig. 14 Comparison of separated Et values. 
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Fig. 15 Comparison of separated Et values. 
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Fig. 16 Comparison of separated Et values. 
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Fig. 17 Relation between escape frequency factors ν 
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Fig. 19 Comparison of charge decay. 
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―5  PCA  

Table 5 Filter performance index estimated by PCA. 

 

 20 , Qf, 

C , IFi . 

20(a) Qfi  IFi . Qfi

, No.5 No.6

, Qfi

IFi 25 . , 

Qfi IFi . IFi

3 , 

, γ . 

No.5 No.6 , 6

(No.1 No.3 )

IFi . Ci  IFi

20(b) . IFi , 

. 

No.7 No.8 IFi

, , ,  IFi

3 ,

. , 

, IFi

. 21 IFi

.  IFi , IFi

(IFi.avg)

IFi.avg . , 

, IFi

. IFi

, 

. , No.3 No.4

, No.5 No.6 , 

. 

, HC

, CC

. 

, HC

.  

 

 

 

 

 

 

 

(a) Qf IFi              

 

 

 

 

 

 

 

 

(b) C IFi 

20 IFi  

Fig. 20 Relation of index IFi and filter performance. 
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Fig. 21 Number line indication by index IFi. 
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Table 6 Trap index estimated by PCA. 
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