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ABSTRACT The correlation between filtration efficiency and electret charge is investigated by means
of measuring surface potential and filtration efficiency after solvent soakage in this paper. It is confirmed
that the high filtration efficiency of melt-blown polypropylene nonwoven web is mainly originated from
electret electrostatic effect and the filter resistance is determined by the fiber structure of nonwoven web.
The stablity of electret electrostatic field depends on solvent swelling effcct on melt-blown polypropylene
nonwoven web. Impact of solvent soakage on charge storage stability and filtration efficiency is thoroughly
discussed according to the Flory-Huggins solvent swelling theory.

KEY WORDS organic polymer materials, solvent swelling effcct, filtration efficiency, electret air filter
material, melt-blown polypropylene nonwoven web

�������!"�����#�����
����������� �� $ �� �!"
�! !%"&'#��(#$!%$"%&#, )
*�$%�&+,"'#Æ-��#(&�'(),

$(��'('%&'�(��)&��� [1,2]. *

*��+.+#% '), �%�-()�*#*

* +./�/+,00�1, 90406024 	21�0�/-1,
2007C11155 34,�.

2009  3 5 13 !",-.; 2009  4 5 22 !",-/..

�.2/#: .03, 4$

0%1561/�02� , +26&'7) 73
344(57)7) '685147)*96:
2 77489)*7)!:+�8'�+.39
�8,, 9;9-4./�;: [3].

50,#������1*+.�'��),+
<678�:<�*9�(= [4]. :��;=*9
2>>(3, ?4<5��?@;;!, �(�(=
A=<78>6@, <7�� �=Æ [5]. >*,

����+8'�7(A92>>�� =�0#
��(=?? 0B?��B�C8'�;C [6,7].

DC@>&?! (ISO) +�����1@>AB(



514 � � � � � � 23�514 � � � � � � 23�514 � � � � � � 23�

89@/,DA�CE:;B (IPA;B)F�EF 

<= [8,9]. >@@> EN779 (E?, 1)�G(�H
/AD?G=���),#, $CH/��1H IPA

EI'(@FD�I�), [10]. 50�A#��J

BÆ��EJ&'� I*�#9( �FG�G
B, B=�H/�<�KK [11].

C#�CHI, GJ���+(K4��),�

LDH;,��������!"�#������
��H=<DME:I�� ��I&*�Æ#�
�()�E; , LEEF(M4 X GLMG�B

NNON���0NP9F, JQO�R5ÆDME
J&'� Flory–Huggins DGIP#NN$"QH.

1  !HI
�B'J�������!"�#�����

��� (O) 1) ;KLRKM��5IST.P8
J, D<##L;B�� (O) 2 4 3) �KU1).

M' EST201 �SNLN�'((KHTQH
;��9( �; +K"&V�;BR�'VMKH
;��),4��% , �DU� KCl, ;BWN�

5.3 cm/s,H;5V� 0.3–0.5 μm;' GDYW–4590S

��),H;Q$";;KH;, �DU�TO;.

E:;B*'DMOO�P WQ UC A�C4
�V, �(P�RX6P, �WDM!1Y�ONP.

;B:K:O����1>@@> EN779 : 2002,+

��7QXH?&+� 20 cm×80 cm �YOO)�
RS), % 4�+(K, TIDO)+DM(E
: 1 h I+DZKTYZ=[U 24 h, PSH?)
, % 4�+(K. \QDME:�O)<3H;
4 XT, VHTOYR. �USO) ���< , =

<DMH;�O)VK<�WS.

' Hitachi S–4700 II S)YGEF(6[0M
4 TRL X′TRA S X GL!XMGQ$"���0

NPON.

2 "#$%&
2.1 '()*T+,-.U/0

)\ 1 (], DME:IO) 1(^$� 4.0×
10−2kg/m2) ���),V(=<78�=Æ. 'P
E:3��),ZG=I, WQ4UCE:3=Æ

_Y,['A�C@�VE:3��),"\=Æ�
W. �`XH;:K#��),�FG, &�#L,\

1bF/�M';;KH;�^$� 4.0 × 10−2kg/m2

�O) 1+DME:AI��),�I&. NN[Z

�I&EaÆVMKH;�E<.

L_\ 1a4\ 1b�NN,'bQ:KH;�=
<DME:#��),�FGEa]@E<, V0'
;;KH;���),RSRCLVMK+W 10%–

15%. �J>(�ÆH; I=<.; [2]. VMK'
��DU0 KCl, �DU56�9(�X6, ���

�� I#, #������*1(�'()XSÆ
9(��DU56Y('('%&', ��),Y4

�@'. [;;KH;3�DU�TO;, �DU5

6G[=9(, W/��#����3, Æ#���
�Yc^XS�'('%&', [0-#��()�
FGY(�&IP1('('%&', >*, H;N

NLVMKd+.

��$�ZS�DME:#����),�F
GEa, � 1 � 2 F/�^$� 4.0×10−2kg/m2 �

������!"�#��������O) 1 2

4 3 H]QDME:AI��),�I&, �(� 1

�VMKH;NN, � 2 �;;KH;NN. NN�

8, \TE:AI��),�=Æ78.�_[A,

50';;K4VMKH;�NN\V(<O�E
a, ^PE:��),ZGe.I&; WQ4UCE

:I&_Y; [A�C4�VE:3I&_6, 5b

Z6@_8E[=6.

1 1 ]`f^_a]�	`g

Fig.1 Effect of solvent soakage on the filtration efficiency, (a) partical count method; (b) oil fog method
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Table 1 Difference of filtration efficiency measured by partical count method before and after solvent

soakage for sample of 4.0×10−2 kg/m2

Solvent Water Formaldehyde Ethanol Isopropanol Acetone

Sample 1 0.1 3.0 22.5 40.1 38.8

Sample 2 −0.1 0.5 8.1 37.2 36.1

Sample 3 0.2 0.8 4.8 35.6 29.8

* 	k�rq�l��r�

� – ��
�

�, 	 2 �

j 2 ]`f^_ako (4.0×10−2kg/m2) �	`g]gl (lmn)

Table 2 Difference of filtration efficiency measured by oil fog method before and after solvent soakage

for sample of 4.0×10−2kg/m2

Solvent Water Formaldehyde Ethanol Isopropanol Acetone

Sample 1 4.6 9.8 34.3 39.6 35.8

Sample 2 1.5 −2.1 39.7 41.0 38.0

Sample 3 2.3 0.3 30.3 39.3 34.6

j 3 ]`f^`�	ms]cd
Table 3 Effect of solvent soakage on filtration resistance (P/Pa)

Sample of 2.0×10−2 kg/m2 Sample of 4.0×10−2 kg/m2

Solvent before after before after

soaking soaking
difference

soaking soaking
difference

Water 17.5 17.5 0 31.5 33.2 −1.7

Formaldehyde 17.5 17.0 0.5 31.5 28.5 3.0

Ethanol 17.5 16.8 0.7 31.5 32.2 −0.7

Isopropanol 17.5 16.7 0.8 31.5 27.0 4.5

Acetone 17.5 17.5 0.0 31.5 33.5 −2.0
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Table 4 Solubility parameter of correlated materials (δ/J1/2·cm−3/2)

Materials Polypropylene Water Formaldehyde Ethanol Isopropanol Acetone

δ 18.1 41.9 32.2 31.6 28.9 26.3

|δ1 − δ2| 0 23.8 14.1 13.5 10.8 8.2

j 5 op_ako 1 ]�	`g`j

Table 5 Comparison of filtration efficiency for charging and non-charging sample

Sample of 2.0×10−2 kg/m2 Sample of 4.0×10−2 kg/m2

partical count partical count

method
oil fog method

method
oil fog method

Charging 89.35 62.33 98.52 74.80

Non–charging 19.38 13.60 34.24 27.83

j 6 ]`f^ako 1 ]ks�ottp
Table 6 Effect of solvent soakage on surface potential (U/V)

Solvent Non-soaking Water Formaldehyde Ethanol Isopropanol Acetone

Surface potential −96.2 −91.6 −99.3 −37.2 −10.6 −1.6
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1 2 iaa`aÆ\]bko 1 ] XRD w

Fig.2 XRD patterns of PP melt-blown nonwoven

web sample 1

1 3 iaa`aÆ\]b] SEM w

Fig.3 SEM images of PP melt-blown nonwoven web
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