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Abstract: To study the effect of pore characteristics on filtration performance of filter bag, the
maximum pore size and mean pore size of thirteen kinds of samples are determined by
bubble-point method, mainly including needled filter bag, spunlace filter bag and membrane
covered filter bag. In addition, the pore distribution characteristics of needled filter bag and
spunlace filter bag are also analyzed by a combination of scanning electron microscope and
Image—pro plus 6. 0. The results show that the maximum pore size and mean pore size of needled
filter bag are larger than those of the spunlace filter bag, and the pore size of the membrane
covered filter bag is the lowest one. The maximum pore size and mean pore size of the internal
pore throat have an effect on the air permeability, filtration efficiency and pressure drop of filter
bags. Air permeability increases with the increase of pore size. The filtration efficiency increases
with the decrease of pore size. Additionally, the pore distribution of spunlace filter bag is more
concentrated and uniform than other kinds of filter bags, which has a certain degree of influence
on the improvement of filtration efficiency of filter materials.

Key words: filter bag; pore size distribution; air permeability; fractional counting efficiency;
pressure drop
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Table 1 Parameter characteristics of experimental samples
i TR FE A 16 % /(g- m™) JELEE fmm
1# ZJHS T B 687. 85 1. 64
2# EEDS B 539. 56 1.52
3# FSXDF E I ES 597.78 1.43
44 HHHT B ES 594. 07 1.46
5# 7ZYB A 26 5 2T HE L 535.85 2.11
6# JH KA ES 543. 56 1.79
T# JH AR ES 705. 48 1.35
8# JH K ES 741.93 1. 40
9# HSWX PTFE 2 JE 5] il B 814. 67 1.05
10# HSWX PTFE % 4T il & 568. 00 1.93
11# HSWX PTFE 7 41 i 65 628. 67 2.03
12# JSFS NG L AL 814. 67 0.93
13# YSRD PTFE 7 4T Hil H 573.78 1.66
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Fig. 1 Test instrument of filtration efficiency

for the filter materials
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Table 2 Pore size of the filter materials
Beqh SEBHLSES BRfUE BRESET) TR
Hir's kPa pm kPa pm

1# 0.82 109. 03 0.89 95.79
2# 0.78 113.43 0.92 96.53
3# 1.02 86. 67 1.08 82.03
4# 0. 86 104. 07 1.05 84.98
S# 0.71 124. 49 0.89 99. 50
6# 0. 85 104. 99 0.93 96.37
T# 1.00 89. 47 1.10 81.18
8# 1.07 83. 14 1.19 74. 80
o# 1.19 72.85 1.70 50. 76
10# 0.91 95.13 1.20 72.05
11# 0.79 109. 30 1. 68 51.61
12# 0.79 112.78 1.05 84.43
13# 1.17 74. 61 1.38 62.75
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Fig. 4 Air permeability and the pore size of the
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Table 3 Pressure drop fitted curve of the samples

e e bRUEIR 2
1# 18.42 0.02
24 18. 46 0.18
34 35.92 0.35
44 20.93 0.20
54 11. 54 0. 68
64 12.15 0. 14
74 22.82 0.14
84 25.03 0.17
94 131. 94 0.74
104 68. 86 0.36
1# 71.26 0.50
12# 62. 46 0.42
134 72.51 1.18
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Fig. 9 Pore size distribution of the samples from 1# to 8#

(a)—1#UERE; (b)—2#IE8; (o) —3#IEKRE; (d)—4#IERE; (e)—5#IBRE; (D—6#IERE; (@)—T#IERE; (h)—8#IER}.



1636 FAKFFHR(A A FR)

% 45 %

E 10 5##¥mSEME
Fig. 10 SEM image of the 5# sample

B 1L R 1H~8#AFE S FL AR 43 A 58 BB 5 I L
A IhZ . HIE 11T LA Y 1R 5L FE 5.0~7.5 um
Z A FLAR & He B, 204 5.42%, /T 10.0 pm
FIFLAR B 13%. M I#RE S B9 FLAR 20 A B FR A
R LU I, VR LA RN A B R v
G3 A I 2#FE S T 7E 40 m ZZ i Y SRR
FRFIHT 20 iy, 200 S AR A A A AT 1
i I 5 BN 8, Y AR R SRR R B T T
2HFERMTEBESE S A IEMCRIZ TS T 144
d L YO 4#RE N T 10 wm B LR & L2

100

12.31%. ¢ 445 1AL S 0T EL AT DU B, W& /N T
7.5 wm B FLARAE AT , 7F 7.5~12.5 pm [ LAE{E
L T AT J A5 0 . AT 3 R FL AR BB R
PUE M2t T LAE 1R S T 48R B9 L7
IR T A ] 44 S 1) 5 R ALAR T3 LAR
I UERCR I /N T IHEE A L 2R 6 0.3 pum (1) 45
R I UE R L 4R TR 4.13%, X 0.5 pom A 5
R UEROR L 488 i 15 2.61% , X T H Al R 42
UL 1 1 DR R R T A 25N KL KR T 4#EE
fn /N F 10 wm (1 FL AR (2 b 2# K 5 K 4.21%.
24 K AR o (1) FL AR 93 A7 9 Bl B o, (BLAR B T 4
FE A, 28 0 A AL AR i 1] T2 KABL D [, 1R Ut 44
R i 0 A DR R T 20 A R B Rt
55K A T L 2 B, K R e A /AL
2 B HE . 7H#, 8#FE T 7.5~10.0 wm [B] A FLAR
L3478 10.54% , 644 i 9 A/INMLAR o L R A 4T
RS ) g, HE A X ) LA (A o A e 345 L fL
FEFEFRIAIXT B b DRI 6#F 5 1T DLAEARAIE 5 2#EE
win A AH T PM 2.5 5 SRR I 1E O T PR IR
RH 7.

(b)
80
N
% 60
£
g@ 40 BN
3 6
20 e A# — T#
—— 5% —— 8
0 60 80 0 20 40 60 80
fLR/pm FLAZ/pm
B 11 1#-8#ERFAESHRTIMER LA ML
Fig. 11 Cumulative frequency of the pore size distribution with its fitted curve of the samples from 1# to 8#

(a)—1#~SHIERL; (b)—6#~8#IEKE.

H PM 2.5 (3o BB 3 e DA/ 21 K HE S 43 531
T SH, 28, A% 1, 38, FLIR AR G S 4 R g R
T RO AL DL — 3, W R LR A A vl
FEL 7 R X B im 5 v, D) 8 o3 e L 2 A
T g Rk BLAR RG4S KRB A% B IR AR 1Y
LA NN FLAR A B WA A bR AR R
R E I G SRR SE T S BRI i AR 2
L IR A RHLAR S i IR RE R O R, K BLALAR T
T UERCR A B, B FLAR RS K, Uk
RIS, FLAR o 3T 3 00 A U)o B R BRI
I UEBH BN AR FE AR 2 SR 2 m AT

4 4 B

1) BRI FLAR B R Z N T KRS IR R
FHIE IR R LA R .

2) UERHA FLAR RS I T KA — 2 5
M . it 5 R AL AR AP 24 L AR B30, o8 <R Y
K BHITBEAR , A5 R ALAR X 325 R Y 52 i i i
FEOR B 00 R K 0 e ) o OB v T T
A RS S8R AR B TR R il AR R/ ML AR
0L PRIE— 2 195 U BAR B BH T A BH 4
KR,



%11 4

Mk S L 4 4B R LR AR i IR M AR 69 Hvd

1637

3) bt 7 F 4 FL AR A AR, B2 kLY PM

2.5 I IR BRI K WA fe KALAR BP9 fLARE
AR U /0N, AR B R PML 2.5 2o B R B 2
K.

4) 3 M BRIERL B 73 ST RO R B AL

(G UNE PN

(1]

[10]

[11]

[12]

[13]

5) KR Rk A0 FLAR 20 A BT B R T

FHXT A, A SN 2], HALAR 73 Bl L
AR SN D R AR AR

W5 . FR T PRI i e R SR R G [T ). e S
R ,2022,3(9) : 117-119.

(Chen Fang. Current situation and treatment measures of
in China [J]. Leather
Manufacture and Environmental Technology, 2022, 3(9) :
117-119.)

Neidell M J. Air pollution, health, and socio-economic

urban environmental pollution

status: the effect of outdoor air quality on childhood
asthma [ J]. Journal of Health Economics, 2004, 23 (6) :
1209-1236.

Vlachokostas C, Achillas C, Moussiopoulos N, et al. Health
effects and social costs of particulate and photochemical
urban air pollution:a case study for Thessaloniki, Greece[J ].
Air Quality Atmosphere and Health,2010,5(3):325-334.
X7 AR R, SR DT I E e = IR R i AL A
AL VG2 TR 741, 2017,31(3) :315-321.

(Liu Zao-fang, Zhang De-kun, Zhang Xing. Pore size
distribution changes of aramid needle-punched felt in hight
temperature [J]. Journal of Xi'an Polytechnic University,
2017,31(3):315-321.)

L, SR L LR RIR A L BRI B FLAR B S
M) ] BRI AR, 2020,28(4) : 14-18.

(Lai Yan, Zhang De-kun.Effect of fiber mixing ratio on pore
size and air permeability of needled filter material [7].
Advanced Textile Technology,2020,28(4) :14-18.)

Bao L, Musadiq M, Kijima T, et al.Influence of fibers on the
dust dislodgement efficiency of bag filters [J]. Textile
Research Journal ,2014,84(7) : 764-771.

Niedziela M, Sasiadek M, Wozniak W.Pore size, shape and
orientation analysis with respect to tensile tests in nonwoven
spun-lace textiles using image processing [ J |.Journal of the
Textile Institute ,2022,114:420-432.

Rawal A. Structural analysis of pore size distribution of
nonwovens [J]. Journal of the Textile Institute, 2010, 101
350-359.

Li X W, Kong H Y, He J H. Study on highly filtration
efficiency of electrospun polyvinyl alcohol micro-porous
webs| ] ].Indian Journal of Physics,2014,89(2):175-179.
Nakamura K, Suda T, Matsumoto K. Characterization of
pore size distribution of non-woven fibrous filter by
inscribed sphere within 3D filter model [J].Separation and
Purification Technology,2018,197:289-294.

Seok J, Chun K M, Song S, et al. Study on the filtration
behavior of a metal fiber filter as a function of filter pore
size and fiber diameter| J | Journal of Aerosol Science,2015,
81:47-61.

Nakao S 1. Determination of pore size and pore size
distribution [ J |. Journal of Membrane Science, 1994, 96
(1/2):131-165.

Cabasso I, Robert K Q, Klein E, et al.Porosity and pore size

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

determination in polysulfone hollow fibers [J]. Journal of
Applied Polymer Science,1977,21(7) :1883-1900.

Germic L, Ebert K, Bouma R H B, et al. Characterization of
polyacrylonitrile ultrafiltration membranes [J]. Journal of
Membrane Science,1997,132(1):131-145.

Zhao C S, Zhou X S, Yue Y L.Determination of pore size
and pore size distribution on the surface of hollow-fiber
filtration membranes: a review of methods|J |. Desalination,
2000,129(2):107-123.

Chung T S, Qin J J, Huan A, et al. Visualization of the effect
of die shear rate on the outer surface morphology of
ultrafiltration membranes by AFM|[J |.Journal of Membrane
Science,2002,196(2) :251-266.

Calvo J I, Bottino A, Capannelli G, et al. Comparison of
liquid-liquid ~ displacement porosimetry scanning
image characterise

and
electron microscopy analysis  to
ultrafiltration track-etched membranes [J]. Journal of
Membrane Science,2004,239(2):189-197.

Hernandez A, Calvo J I, Pradanos P, et al. Pore size
distributions of track-etched membranes; comparison of
surface and bulk porosities [ J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 1998, 138 (2) :
391-401.

Jena A, Gupta K.An innovative technique for pore structure
analysis of fuel cell and battery components using flow
porometry [ J].Journal of Power Sources,2001,96(1) :214-
219.

Hung C H, Leung W W F.Filtration of nano-aerosol using
nanofiber filter under low Peclet number and transitional
flow regime [J]. Separation and Purification Technology,
2011,79(1):34-42.

Chen F,Ji Z L, Qi Q Q.Effect of pore size and layers on
filtration performance of coalescing filters with different
wettabilities [ J]. Separation and Purification Technology,
2018,201:71-78.

Liu X C, Shen H G, Nie X L. Study on the filtration
performance of the baghouse filters for ultra-low emission
as a function of filter pore size and fiber diameter [J].
International Journal of Environmental Research and
Public Health,2019,16(2) :247-265.

Soo J C, Monaghan K, Lee T, et al. Air sampling filtration
media: collection efficiency for respirable size-selective
sampling|J].4erosol Science and Technology,2016,50(1) :
76-87.

JRIZRAE, SR SO VR . IRBEALAR S AR O LT )
1t,2019(6) : 64-68.

(Zhou Rong-fei, Zhang Wen-ge, Xu Xiao.Common analysis
methods of filter membrane pore size[J].China Metrology,
2019(6) :64-68.)

i AR 8 2T 4E S5 AR IR 2 X AR U IR eSS 1 14
WHFE (D). P2 5% TR, 2011,

(Li Yang. Study on the influence of low proportion of
sea-island fiber blended with cotton on the wearability
of cotton fabric[D].Xi’ an: Xi’ an Polytechnic University,
2011.)

G IR ALAR K a3 A e i RE RS [T ). T [ ER
P72, 2017(6) : 55-57.

(Cai Wei-long. Effect of pore size and distribution of filter
materials on filtration performance[J].China Environmental
Protection Industry,2017 (6):55-57.)

A, AR ARG A RHL AR 5 1 DR R G R M O
FELI] P G4 ,2010,28(1) : 12-14.

(Wu Song-mei, Yuan Chuan-gang.Study on relation between
pore size of nonwovens and filtration characteristic [J].
Technical Textiles ,2010,28(1):12-14.)



