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Separating thermally stimulated currents of electret non-woven fabric and

newly evaluating filter performance by visually analyzing of technologies.
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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.

No. | HreaBRE | il (gﬁ/r{nﬂ:) (’ii)
) ce CS 125 0.68
) cC CS 142 0.75
3 HC CS 26 0.40
., HC Cs 26 0.43
5 cC — 140 2.33
. ce _ 80 0.89
. HC CS 26 0.30
. HC CS 27 0.32
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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. | e | Mo | gy
L1279 455 478
2 | 133 50.3 5.07
3| 1 89.2 20.1
4 | 135 87.9 15.6
5 4.0 33.1 10.0
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8 | 579 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. 12 E,— T characteristics for differential signals.
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Table 3 Parameters of the resultant TSC spectra.

No. | #ik& pl p2 p3
Ei (eV) 0.839 0.647 1.61
Tm (K) 352.55 | 379.00 | 402.50
1 In(x10'4A) | 3.504 10.10 4.209
v(l/s) | 2.43x10 | 1.05x10° | 8.33x10'7
Ei (eV) 1.02 0.651 | -
T (K) 352.11 379.50 | ---e-
’ In(x10A) | 3.916 L1 S —
v (1/s) 1.90x10" | 1.16x10° |  ------
Ei (eV) 0.555 120 | e
Tm (K) 35539 | 38721 | -
: In(x10MA) | —2.117 | 6.840 | -
v (1/s) 1.89x105 | 1.93x10'3 | = -——-—-
E: (eV) 0.633 0.546 1.66
Tw (K) 350.84 | 368.50 | 394.83
° In(x10MA) | —16.50 | 23.00 5.779
v (1/s) 3.70x10° | 1.25x10° | 9.56x10'8

TSC(X 107 A)

(m) Z3HEE B No.7)

temp. T (K)

400 450
temp. T'(K)

(n)E5tf5 5( No.7)

13 FTHUEREATEAN IS L % TSC D43
Fig. 13 An exactly separated TSC spectra by visually

analyzing technologies.

F—4 TSC AT bV Oyl F
Table 4 Parameters of the resultant TSC spectra.

No. | MWtk pl p2 p3
E (V) | 0481 0.765 1.37
T (K) | 329.60 | 36640 | 414.19
. In(<1014A) | 03286 | 1.203 | —4.984
v(l/s) | 5.82x10* | 1.10x108 | 2.17x10'
E (eV) 1.28 0.750 1.63
Tw (K) | 35037 | 386.00 | 411.64
* In(x10MA) | —1.285 | —2.424 | —3.635
v (1/s) 1.56x10' | 1.81x107 | 5.06x10!"7
E (V) | e 0.873 0.665
VE T — 373.50 | 404.00
7 In(<104A) | —ceee —0.7550 | —3.278
v(s) | e 2.19x10° | 4.67x10°
E (V) | 0883 | - 0.659
Tw (K) | 35520 | - 390.14
’ In(x10MA) | 0914 | —oeee —6.580
v(l/s) | 1.37x100 | el 8.19x10°
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Fig. 14 Comparison of separated E; values.
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Fig. 15 Comparison of separated E; values.
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Fig. 19 Comparison of charge decay.
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Table 5 Filter performance index estimated by PCA.

#F—5 PCAIZ XD 7 4 VA EREIRIE

No. G Os ”i Iri
1 455 4.78 5.00 32.8
2 50.3 5.07 5.23 36.0
3 89.2 20.1 79.6 119
4 87.9 15.6 78.8 117
5 33.1 10.0 4.11 24.7
6 36.8 15.8 1.41 25.4
7 99.7 10.9 47.9 101
8 99.5 9.15 21.3 79.7

X 20 1%, TNENTAVT 4777 X —Q, itk
B CITRI LT, [ & OBIMREZFRHERTH S,
Hm@mugm:mﬁ&®%%%%ﬁgkﬁ%wm
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Fig. 20 Relation of index /r; and filter performance.
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Table 6 Trap index estimated by PCA.

No. E, T Inv y I

1 0.3970 0.9150 0.3401 | 0.06281 0.445

2 0.3990 0.9162 0.3425 | 0.06570 0.450

3 0.8405 1.000 0.8098 1.000 1.58

4 1.000 0.9938 1.000 0.9900 1.73

5 0.7362 0.9349 0.7504 | 0.05163 0.779

6 0.3460 0.8897 0.2879 | 0.01771 0.362

7 0.4080 0.9754 0.3202 0.6018 0.856

8 0.4043 0.9419 0.3340 0.2676 0.604
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