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The filtration performance of four kinds of coarse polyester filters commonly
used in the market was studied experimentally. The results showed that these fil-
ter materials had better filtration efficiency for particles larger than 5 um. There
was a significant difference among the same grade filters on filtration efficiency
and resistance. The maximum counting efficiency of all four Samples can be
achieved when the filtration velocity was 1.1 m/s. Fiber diameter was one of the
main influencing factors that affect the efficiency and resistance of polyester fil-
ters. The comprehensive effect was relatively good when the Sample fiber diame-
ter was small.
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Introduction

In recent years, the deterioration of air quality has made air filters an essential prod-
uct for life. The coarse filters have been widely used in the primary filtration of air condition-
ing systems and fresh air systems. The needs of people for filter materials are much more ur-
gent than before. People want to understand the accurate filtration efficiency of the filter ma-
terials on different particle sizes more intuitively. Therefore, it is very necessary to study the
counting performance of air filter materials.

At present, the manufacturing technique and equipment level of filter products are
backward or imperfect. The performance of the filter materials is unstable, and the reliable fil-
tration efficiency cannot be ensured. In addition, there is no uniform standard for filter mate-
rials testing. This is the leading cause of the difference in the performance of the same filter
materials.

Numerous researchers have focused on the research of air filter filtration efficiency
[1-3], new applications [4] and new materials [5-8]. Some achievements have been made, but
the research on counting efficiency, efficiency range, and the construction differences of the
filter materials at the same grade are still insufficient.

To overcome the above problems, four kinds of filter materials were studied exper-
imentally from the aspects of counting filtration efficiency, resistance, and the construction
differences of the same grade filter materials in this paper.

* Corresponding author, e-mail: 2601084634@qq.com
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Methods

Four kinds of C3 and C4 grades filter materials were selected according to China's na-

tional standard (GB/T 14295-2008), labeled as Sample 1, Sample 2, Sample 3, and Sample 4,

respectively. The GRIMM1.109 Portable Aerosol Spectrometer was used to measure the count-

ing concentration of particles before and after the filter. Upper limit of counting concentration is

2000000P/L, and the particles ranging from 0.25 pm to 32 um in diameter can be separated into

31 channels. HD2114P.0 Portable Microma-

Asroadi erirance A 3 56 8 herosoloutler  NOMeter was used to measure filter resistance.

= 24y JE - The measuring accuracy is (2% reading + 0.1

Figure 1. Experimental system; / — current m/s), and the p ressure. Tange is iOA% ES.

collector, 2 — wind speed hole (side), 3 — upstream HD37AB1347 Indoor AH: anhty Momltor was

static pressure probe, 4 — upstream sampling heat, ~Used to measure the velocity in the pipeline. The

5 — measured filter, 6 — downstream hydrostatic measuring accuracy range is £3%. The experi-

pressure probe, 7 — downstream sampling head, mental system of filter performance was estab-

8 — expanding tube, 9 - soft connection lished as shown in fig. 1. The experimental set-

-up was builtaccording to China's national

standard (GB/T 14295-2008). The distribution of measuring points was compiled according to
China's national standard (GB50019-2015).

Results and analysis

Electron microscopy results

Figure 2 showed the electron microscope scan of the four filter materials under a
magnification of 1000 times. The fiber thicknesses of the four filter materials shown in fig. 2

1000 time magnification of Sample 3 1000 time magnification of Sample 4

Figure 2. Four kinds of filter materials 1000 times electron microscope scanned
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were quite different. Comparison between the two Samples of C3 grade filter materials
showed that the fibers of Sample 2 were relatively thicker than those of Sample 1. Compari-
son between the two Samples of C4 grade filter materials revealed that the fibers of Sample 4
were relatively thicker than those of Sample 3. Among the four Samples of filter materials,
the Sample fiber thickness distribution was: Sample 2 > Sample 4 > Sample 1 > Sample 3.

According to the electrical scan of fig. 2, the average diameter of filter materials was
calculated, as shown in tab. 1.

Table 1. The main parameters of the experimental Samples

Grade Number Material | Specification (thickness : mm) Fiber diameter [pm]
Sample 1 Polyester 25-25-20 19
e Sample 2 Polyester 25:25-3 33
Sample 3 Polyester 25-25-4 17
“ Sample 4 Polyester 25254 21

The impact of filtration velocity on the filtration effect

The outdoor atmospheric dust was directly used as the dust source [9]. The filtration
velocity was changed from 0.8~1.2 m/s according to China's national standard (GB/T 14295-
93, GB12218-1989). Figure 3 showed the counting filtration efficiency vs. filtration velocity,
it is obvious that the counting efficiency is better for larger particles. The counting efficiency
of the Sample 3 was the highest. Therefore, coarse filters were mainly used to filter particles
larger than 5 um.

It could be seen that the test results of the four filter materials had a similar trend.
The counting efficiency increased with the filtration velocity, but when the filtration velocity
reached a threshold of 1.1 m/s, an opposite trend was observed. This was because the inter-
ception effect increased when the dust-laden air flow passed through the fiber gap, and the
diffusing effect and the inertial effect were both decreased. Under the condition that the filtra-
tion velocity was constant, the diffusing effect of the particles did not change, the particles
captured by the filters due to Brownian motion were reduced, so that particles trapped by dif-
fusion were reduced [10]. The fluctuation of the efficiency value of the Samples in the range
of the filtration velocity might be related to the composition type of the local environment
aerosol and the dust concentration [11].

The effect of different grades of filter materials
on the filtration effect

Figure 4 showed that the counting filtration efficiencies of four Samples were com-
pared when the filtration velocity was 1.1 m/s. For the particle sizes larger than 5 pm, the
counting filtration efficiency was presented as Sample 3 > Sample 1 > Sample 4 > Sample 2
in order. The higher the grade was, the better the counting filtration was. Among the four
Samples of filter materials, the counting filtration efficiency of Sample 3 of C4 grade was
17.5% higher than that of Sample 2 of C3 grade. In the C3 grade filter materials, the counting
filtration efficiency of the Sample 1 was 5.65% higher than that of the Sample 2. In the C4
grade filter materials, the counting filtration efficiency of the Sample 3 was 7.01% higher than
that of the Sample 4. Therefore, there was a significant difference between the same grade fil-
ters on filtration efficiency.
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Figure 3. Filtration efficiency vs. filtration velocity Figure 4. Filtration efficiency vs. different
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The effect of fiber diameter on the filtration efficiency

In order to analyze the effect of fiber diameter on the counting filtration efficiency,
the counting filtration efficiencies of four Samples with different fiber diameters were com-
pared at a filtration velocity of 1.1 m/s as shown in fig. 5.

Figure 5 clearly showed that the fiber di-

Sample 1 ameter of the Sample decreased, the counting

i gggg:gg filtration efficiency increased. The fiber diame-
Sample 4 o j ter of Sample 3 was the smallest, and the
v counting filtration efficiency of the particles of

‘ each particle size was the highest. The fiber di-
i ameter of Sample 2 was the largest, and the
1 ', counting filtration efficiency of the particles of
% each particle size was the lowest. For the parti-
I |
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cle sizes below 1.0 um, the counting filtration
efficiency of the filter materials was low and
negligible. For particles with a particle size of

03<d<1 1<d<25 25<d<5 5<d<10

Particle size [um] 1.0~2.§ pm, the counting filtration F:fﬁciency

. . . . was still very low, less than 35%. This was be-

Figure 5. Classified filtration efficiency changed f filt th il d
with the filtration velocity of 1.1 m/s cause for coarse filters, they were mainly use

to filter particles larger than 5 um. The larger
the fiber diameter of the filter material was, the worse the filtration effect was on fine parti-
cles. So, there was not obvious for the filtration effect on small particle sizes.

For particles with a particle size of 2.5~5.0 um, the counting filtration efficiency in-
creased dramatically. The counting filtration efficiency of Sample 1, Sample 2, Sample 3, and
Sample 4 was 69.48%, 55.07%, 77.08%, and 72.35%, respectively. Sample 1 with smaller fi-
ber diameter in C3 grade had 14.41% higher counting efficiency than Sample 2. Sample 3
with smaller fiber diameter in C4 grade had 4.73% higher counting efficiency than Sample 4.
Compared with the different grades of filter materials, the fiber diameter of Sample 3 was the
smallest, the fiber diameter of Sample 2 was the largest, and the counting filtration efficiency
of Sample 3 was 22.01% higher than that of Sample 2.
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For particles with a particle size of 5.0~10.0 um, the counting filtration efficiency of
Sample 1, Sample 2, Sample 3, and Sample 4 was 82.39%, 77.65%, 85.60%, and 78.86%, re-
spectively. Sample 1 with smaller fiber diameter in C3 grade had 4.74% higher counting fil-
tration efficiency than Sample 2. Sample 3 with smaller fiber diameter in C4 grade had 6.74%
higher counting filtration efficiency than Sample 4. Compared with the different grades of fil-
ter materials, the counting filtration efficiency of Sample 3 was 7.95% higher than that of
Sample 2. With the continuous increase of the particle sizes, the difference in the counting fil-
tration efficiency of all four Samples was increasing. The reason was that the interception and
inertia effects became enhanced for the large particles while the fiber diameter was smaller.

Influence of fiber diameter on initial resistance

It could be seen from fig. 6 that the initial resistance and velocity of the filter materials
showed an increasing trend, which was consistent with the theoretical situation. In the range of

filtration velocity, the resistance range of Sample —_—

1 was 33.5-69 Pa, the resistance range of Sample W Sample 1 oxperimentaldata || —— Samele 1 it curve
2 was 19.5-39.5 Pa, the resistance range of Sam- g0l @ 2:%::32:@:%:2:3: rore Samplo 3 curve
ple 3 was 23-52 Pa, and the resistance range of .o sddihiane a:pe —
Sample 4 was 25-44.5 Pa. Sample 1 had a rela- 4. e

tively large resistance range. When the filtration E ] ol % o
velocity reached 1.1 m/s, the resistance of Sam- é 40+ "

ple 1 was 57.5 Pa, the resistance of Sample 2 3 - -

was 35.5 Pa, the difference between Sample 1, <201 ™

and Sample 2 in C3 grade filter materials was 22

Pa. The resistance of Sample 3 was 48.5 Pa, the 0 0.8 09 10 11 12
resistance of Sample 4 was 41 Pa, the difference Filtration velocity [ms™]

between Sample 3, and Sample 4 in the C4 grade  Figure 6. Initial resistance of four kinds of filter
filter materials was 7.5 Pa. Compared with the materials changed with the filtration velocity
different grades of filter materials, the resistance
was presented as Sample 1 > Sample 3 > Sample 4 > Sample 2 in order. Sample 2 had the least
resistance, because the fiber diameter of Sample 2 was the largest. The smaller the fiber diame-
ter was, the greater the resistance was. Conversely, the larger the fiber diameter was, the smaller
the resistance was. In theory, the resistance value of Sample 3 should be the largest, but the re-
sult showed that the value of Sample 1 was the largest. This might be related to the thickness of
the filter material itself. Wang Huaying [12] gave the relationship between resistance and filter
thickness as AP~H through experiments. The thicker the filter material was, the greater the re-
sistance of the filter material was, which verified the correctness of the conclusion of this paper.
According to fig. 6, the experimental data of initial resistance characteristic were
linearly fitted. The results showed that all of the four filter materials had a good fitting quality
as shown in tab. 2.

Table 2. The resistance fitting curve of the experimental Samples

Number Filtration resistance (Y) — Filtration velocity (x) Fitting function R’

Sample 1 y=-92.86x"+262.71x — 114.8 0.916
Sample 2 y=-10.71x* + 71.93x - 31.2 0.998
Sample 3 ¥ =25.00x> +27.50x — 15.60 0.966
Sample 4 y = 2.84x* +49.00x — 14.00 0.982
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Conclusion

Through the testing and research on resistance, counting filtration efficiency of four
grades of C3 and C4 coarse polyester fiber filters, it was found that the filtration effect on par-
ticles larger than 5 um was excellent. There were obvious differences in the filtration efficien-
cy and resistance of the same grade filter materials, and the higher the grade was, the better
the effect was. When the filtration velocity was 1.1 m/s, the counting filtration efficiency of
the coarse filter materials was maximized. The filter fiber diameter was one of the key factors
affecting the filtration performance. The smaller the fiber diameter was, the higher the filtra-
tion efficiency and the greater the filtration resistance was. Conversely, the larger the fiber di-
ameter was, the lower the filtration efficiency and the smaller the filtration resistance was.
When the filter materials were used in practical application, both of counting filtration effi-
ciency and resistance should be considered, it was really useful for manufacturers and design-
ers to select of coarse filter materials. The hierarchical filter structure might be considered for
high filtration efficiency and low resistance [13,14].
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