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Abstract: The study specifies the value of the dust resistance coefficient in the process of wood dust
filtration in a pilot-scale test stand. The experiments were carried out for one type of filter material—
polyester with a PP film previously used in different production lines. Filter bags from the filtering
installation of the processing line for narrow surfaces of furniture panels of the honeycomb structure
with a chipboard frame, HDF, natural veneer cladding, and a line of CNC drilling machines, were
taken into account. Before the pilot-scale tests, the bags had been in use in industrial installations
from zero to nine months. All tests were performed under identical filtration conditions. The values
of the dust resistance coefficient depend on the operating time and the conditions in which filtration
is carried out in an industrial plant, and increased from 6507 s 110 10,208 s~ for the bags from
the filter of the narrow surfaces processing line and to 29,729 s~! for the bags from the filter of the
drilling line. The most important factor influencing the properties of the filter bag in the process of
wood dust filtration in an industrial filter is the cleaning pulses frequency.

Keywords: wood dust; pilot-scale filter; dust resistance; filtration time

1. Introduction

Wood dust dispersed in the air at processing stations causes deterioration of working
conditions in the wood industry. Occupational exposure to hardwood and mixed wood
dust can cause cancers of the nasal cavity, paranasal sinuses, and nasopharynx as well
as various human health problems, including skin, nose, and eye irritation, asthma, and
allergic reactions [1-5]. This is because wood dust has been recognized as a carcinogenic
substance and, therefore, a limit of the permissible dust concentration of air has been set.
Wood dust has been classified as carcinogenic to humans (Group 1) by the International
Agency for Research on Cancer (IARC) [6]. According to European requirements, the limit
is currently 3 mg-m 3 or 2 mg-m~2 (0ak and beech), and from 19 January 2023, this limit
will be tightened to 2 mg-m~2 [7]. Therefore, filtering dust collectors operating in filtering
installations in wood plants must be characterized by separation efficiency ensuring air
purity required in the recirculation cycle. For these reasons, it is necessary to carefully
select and control the operating conditions of filter dust collectors for wood dust, so that
the required separation efficiency does not cause excessive air flow resistance [8-15]. Each
increase in the air flow resistance is associated with an increase in energy consumption to
overcome this resistance, which generates additional operating costs [16].

The air flow resistance through a filter is reflected by the total pressure drop Ap.
which consists of the pressure drop Apg across the clean filter fabric, and the pressure drop
Apyp across the dust cake formed on this material [17-19]. They can be calculated from
Formula (1).

Apc = Apo + App, 1)
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The pressure drop across the clean filter fabric is calculated by multiplying the filtration
velocity wg by the Ky coefficient defined as the clean fabric resistance coefficient according
to Formula (2).

Apo = Kowy, @)

During dust filtration, dust is deposited on the surface of the filter medium in a dust
cake, causing an increase in air flow resistance. The value of the pressure drop across the
dust cake depends on many factors, such as, for example, the volume of air flowing into
the filter, the amount and type of dust, or the pulse-jet cleaning parameters that determine
the thickness of the dust cake. Thus, the pressure drop across the dust cake accumulated on
the filtering surface depends on the filtration speed wy, the dust load of the filter medium
surface, and the dust resistance coefficient in accordance with Formula (3):

App = WfSKz, (3)
where: wi—filtration velocity, s—dust deposit areal density, Ko—dust cake resistance coefficient.

Coefficient K, reflecting individual properties of the dust cake on the surface of the
filter medium can only be determined experimentally. The research conducted so far
has usually concerned a short-term process of air filtration in laboratory conditions, in
which a clean filter fabric or artificially aged media were used, often in small-scale research
equipment and the samples of filter media used [20-22]. Given the growing problem
of polluted air, there is a growing need not only to design and improve dust separation
technology, but also to extend the research to include methods that refer to the actual
sources of pollution. This generates the need to use research material used in the real
conditions of the wood industry.

So far, ceramic dust [23], limestone [24-26], fly ash [21,22,25], and coal dust [27-29]
have been subjects of the study of filtration processes, or wood test dusts [30,31] which
are finer and more uniform in size and shape compared to wood dust produced under
real production conditions in woodworking factories. For this reason, the results of these
studies are not sufficient to fully understand the phenomena occurring during the filtration
of wood dust from the wood industry and cannot be related to the filtration of this dust.
Bearing in mind the above, there was a need to use wood dust generated as processing
waste in wood factories as a research material in the study of filtration processes. It is
especially important to take into account the influence of a dust cake made of such dust
on the filter medium in order to evaluate the effects of long-term filtration in industrial
conditions. The assessment of the course of the filtration process and changes in the prop-
erties of the filter medium operating in industrial conditions for a long period of wood
dust separation should be confirmed by the objectivity of laboratory tests results. Filter
bags operating in industrial conditions, in contrast to laboratory-aged bags, are exposed
during operation to the impact of industrial waste dust with a diversified dimensional
structure and, depending on the conditions of their formation, also differing in terms of
particle shape. An additional difference between the laboratory and industrial aging of
the filter medium is its operation in changing climatic conditions over a longer period
of time, taking into account temperature changes and humidity of the filtered air. The
bags used in previous studies were conditioned in strictly defined laboratory conditions
with the use of specialized chambers in which the filter material was subjected, depend-
ing on the test method, from 2500 up to 10,000 filtration cycles under constant climatic
conditions [21,32-34].

Therefore, to compare the influence of various operating conditions of filter bags in
filter baghouses for wood dust on their operational properties, we use a reference dust that
would not differ from industrial dusts. In order to compare the dust resistance coefficient
during the filtration processes, it was decided to carry out an experiment with use of the
filter bags obtained after long-term operation from two different filtering installations
operating in one furniture factory.
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2. Materials and Methods
2.1. General Assumption

The filter bags were installed in two filter baghouses operating in two different filtering
installations in one furniture factory. The dust cake resistance coefficient K, was determined
on the basis of testing the air flow resistance through the filter medium in a process carried
out on the pilot-scale. One type of wood dust was used in the flow resistance tests.

2.2. Place and Conditions of Conditioned of Filter Materials

The IKEA Industry factory in Lubawa (Poland) with a very large production scale
was selected for the tests. The factory produces furniture worth approximately EUR
220 million annually. It is characterized by a high degree of automation and very modern
technology of manufacturing furniture panels in the honeycomb structure. Due to the scale
of production, the plant has several filtering installations, each for a different production
line. It created very good conditions for the analysis of the influence of various types of
dust on the properties of filter fabric during its operation. In order to obtain specimens in
the form of filter bags, sets of bags of the same type were installed in two filter baghouses
of two filtering installations:

e In the processing line for the processing of narrow surfaces of furniture panels;
e  In the processing line of CNC drilling machines.

Each installation is connected to an individual filter baghouse (Tables 1 and 2). The
installations use filter baghouses of the SBF-140-5.0S-1A type (for narrow planes processing
lines) (Filter 1) and SBE-160-5.0S-1A (for processing centers lines) (Filter 2) by JKF (Berzyna,
Poland). The filter baghouses were equipped with bags supplied by the same manufacturer,
Gutsche (Fulda, Germany) (Table 3). The use of one type of filter bags ensured the results
of air flow resistance formed only by different filtration conditions and types of dust for
each installation. The simultaneous assembly of the filter bags in both installations allowed
for the elimination of various weather conditions for the results obtained. The filter bags
were installed in both of the filter baghouses on the same day and at equal, approximately
two-month, intervals and they were disassembled on the same day for both installations.
The working time of the bags in the filters was 67, 133 and 272 days. A new bag (0 working
days) was also used for the tests.

Table 1. Basic technical parameters of filtration installations.

Parameter Value

Parameter Unit Dust Extraction Installation in the Dust Extraction Installation in the
Processing Line of Narrow Surfaces Line of Drilling Centers
Factory installation identification Main pipeline  Auxiliary pipeline =~ Main pipeline  Auxiliary pipeline
Factory labeling of the filter Filter No. 1—SBF-140-5.0S-1A Filter No. 2—SBF-160-5.05-1A
Pipeline length m 144.3 34.4 120 99
Air velocity in the pipeline m-s~! 24 2.5 26 24
Air demand m3-h~! 55,450 26,600 33,250
Fan type JK-90 MT (1 pcs)
Fan efficiency m3-h~! 60,000

2.2.1. Production Lines
A Line for Processing Narrow Surfaces of Furniture Panels

The processing of narrow surfaces is used for formatting and veneering furniture
panels with rectilinear shapes. The processing takes place on two lines (main and auxiliary),
where the machines performing processing operations related to the formation of fine dust
waste are connected to one filtering installation. Chipboard, fibreboard and solid wood are
processed on the main line.

The diagram of the line with the dust extraction pipeline is shown in Figure 1.



Appl. Sci. 2021, 11, 8965

40f15

Table 2. Basic technical parameters of the filter baghouses.

Parameter Value

Parameter Unit Filter No. Filter No.
1—SBF-140-5,0S-1A  2—SBF-160-5,0S-1A
Number of bags pcs 140 162
Bag length m 4.68
Bag diameter m 0.15
The area of the working surface of the bag m? 2.205
Total working surface area of the bags in the filter m? 313.166 357.274
Air demand in the installation m®h~! 55,450 59,850
Filtration velocity cm-s™! 4918 4.653
The amount of waste generated during processing (wood dust) kg-h! 250 100
Average particle size pm 140.88 168.64
Dust load gm™3 4.509 1.671
The interval between the regeneration pulses for one bag s 606 690
The number of changes in the work of the bag during the day changes 3 3
Estimated number of regenerative impulses per day pes 143 125

Table 3. Basic technical properties of the filter bags according to the manufacturer.

Parameter Unit Parameter Value
Bag producer Gutshe
Fabric type Polyester with PP film
Material weight gm~? 400
Material thickness mm 15
Tensile strength—lengthwise daN-5cm 40
Tensile strength—across daN-5cm 50
Air permeability dm?-min-dm—2 250
. Thermal stabilization,
Surface finishing .
calendering
High temperature resistance °C 90
Acid resistance Good
Alkali resistance Sufficient
Water resistant Weak
Declared fll.tratlon efficiency for % 99.998
particles >2.5 um
Declared filtration efficiency for o 99.957

particles <2.5 um

The stages of processing panels on the main narrow surface processing line are as follows:

Longitudinal cutting of the block—a four-element block is cut into two two-element
ones, cutting with the use of the FL module (longitudinal saw). Feed 35 m-min~1;

7

Formatting from the width—cutting with a circular saw with the simultaneous align-
ment of longitudinal, narrow surfaces and veneering. Feed 35 m-min~1;

7

Formatting panels from length and processing short, narrow surfaces. Alignment and
veneer. Feed 15 m-min—!;

Multi-spindle through-feed drilling machines—drilling holes in wide surfaces of panels;
Longitudinal cut—a two-piece block is cut into two ready-made panels. Cutting with

a rip saw. Feed 35 m-min .

Narrow panels of furniture joints are processed in an auxiliary, one-sided narrow

surface processing line. This line is used for processing narrow panels for which the
double-sided line is not suitable due to design constraints.

The technological process of furniture panels on this line is as follows:
Manual loading of panels.
Processing the first narrow longitudinal surface and veneering. Feed 20 m-min~!.
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3. Gravity turntable of panels—rotation of the element by 90° around the longitudinal axis.
1

-

Processing the second narrow longitudinal surface and veneering. Feed 20 m-min~
5. Manual unloading and arranging panels.

Main pipeline

1 - Rip saw 2 - Machining of narrow 3 - Machining of narrow 4 - Drills 5 - Rip saw
planes planes

AN
\
\

HIlIﬂlll]iﬂHﬂlﬂl%iF [[f%-*u! ] [[@ ]I II (T nﬂua

1, 2 - The first part / 4 - The second part /

Auxiliary pipeline b

@ |
Filter no 1 SBF-140-5,08 /7

The dust extraction pipeline operating in the narrow surface processing line is con-
nected to filter No. 1. The estimated amount of generated dust is up to 250 kg-h~!. The
line of CNC drilling machines is serviced by a dust extraction pipeline connected to filter
No. 2. The estimated amount of waste generated in this line is about 100 kg-h~!. The char-
acteristics of both extraction systems and filter baghouses are presented in Tables 1 and 2.

Figure 1. Scheme of the narrow surface treatment line.

CNC Dirilling Machines Line

Some types of furniture panel are processed on the line of CNC drilling machines. This
is a group of five identical Homag machining and drilling centers with a gantry structure
with numerically controlled spindles used mainly as drilling machines for structural holes
in the furniture panels. The spindles can also cut curvilinear shapes in furniture panels
using cutters. In addition, these machine tools are adapted to veneering narrow surfaces.
The line of drilling centers produces dust in the amount of about 100 kg-h .

The diagram of the CNC along with the dust extraction system is shown in Figure 2.

2 = Veneering narrow plar

construction holes in e

, e 7 ﬂll ool 0ol
[ﬁﬁb Eiiiiy E'ih‘" [ HH] [

: and drilling

3 Center for formotting

Filter no 2 SBF-160-5,05

o

.'f_‘f’,
Figure 2. Line diagram of machining centers.

The technological process of furniture panels on the line of drilling centers is as follows:

1. Automatic transport and loading—the line consists of five independent machine tools
operated by automatic loading and unloading machines.
2. Centers from 1 to 4—taping narrow planes and drilling construction holes in the panels.
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3.  Center No. 5—formatting panels with a wooden edge, gluing the remaining narrow
surfaces and drilling construction holes in the panels.

4. Automatic unloading and transport of panels to the next production stage. On the
line of machining centers, formatting tools other than in the line of narrow surface
treatment are used. Here, end mills are used instead of saws. The technological
similarity of both lines is based on the use of drills. The element that distinguishes
this line from the line for processing narrow surfaces of furniture panels is the lack of
narrow surface grinders.

On the line of CNC machines, formatting tools other than in the line of narrow surface
processing are used. Here, end mills are used instead of saws. The technological similarity
of both lines is based on the use of drills. The element that distinguishes this line from
the line for processing narrow surfaces of furniture panels is the lack of narrow surface
sanding machines.

2.2.2. Dust Extraction Installations and Filter Baghouses

Data on filtration systems and bag filters are provided in Tables 1 and 2.

Polyester filter bags with a PP (polypropylene) film were used in the tests. The basic
properties of the filter medium are presented in Table 3.

After labeling to facilitate further identification, the filter bags were installed in the
filter baghouses. After the assumed period of operation, the bags were disassembled and
transferred to the laboratory. There, after careful manual removal of the layer of loosely
bound dust from the surface, they were shortened to the required length and mounted on
the test stand. To ensure the repeatability of the procedure, all bags were stored in separate
plastic bags in a separate room, where they were not exposed to any external factors.

2.3. Test Stand

The bags collected at the factory were subjected to measurement procedures using a
laboratory stand for testing the filtration process in the pilot-scale (Figure 3). At the stand,
it is possible to conduct an experimental filtration process with the use of one bag with
a diameter of 150 mm and a working length of 1500 mm. The stand is designed in such
a way as to determine the basic operational properties of the bags in conditions similar
to the actual conditions of their operation in an industrial filter baghouse. The filtration
conditions required during the test are achieved by equipping the stand with appropriate
devices, as well as measurement and control systems, such as:

e  dust dosing system in the intended amounts and concentration;
e regulating valve to regulate the volumetric output of the fan of the main air circulation;
e asystem that controls the frequency of cleaning pulses.

Additionally, the stand is equipped with measuring systems that allow the determina-
tion of:

e  air flow resistance;
e air flow rate in the entire measuring system;
e the content of dust particles in the dust-free air broken down into individual fractions.

The bags collected at the factory were subjected to two-stage tests on this stand. In
the first stage, the pressure drop Apg across the clean filter fabric was determined, while
in the second stage, the total pressure drop Ap. across the filter was tested. The course of
measuring the pressure drop across the clean filter consisted in reading the static pressure
difference in the filtration chamber on both sides of the bag with increasing filtration
velocity. The data were used to plot the empirical function f: wi — Apg. Measurement of
the total pressure drop consisted in registering the static pressures in the filtration chamber
on both sides of the bag immediately before and after each cleaning pulse. This resulted in
a maximum and residual pressure drop in each pulse. These tests were carried out with the
assumed constant filtration parameters presented in Table 4. Tukey’s test was performed
for Ap. at the significance level of 0.05.
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Figure 3. Test rig set-up; 1—filtration chamber, 2—filter bag, 3—supporting cage, 4—Venturi tube, 5—
dust feeder, 6—dust inlet tube, 7—clean air chamber, 8—tube with cleaning nozzle, 9—compressed
air tank, 10—cleaning control device, 11—outlet tube, 12—Prandtl tube, 13—differential manometer
for air velocity control, 14—regulation valve, 15—main fan, 16—differential manometer for pressure
drop measurements.

Table 4. Filtration parameters during testing of filtration non-wovens.

Parameter Unit Value
3.1
Air volume flow V :23 :}srl 018§806
Air-to-cloth ratio m3.(m2h)~1 145.8
Filtration velocity wy m-s~! 0.0405
Inlet dust concentration g-m*3 10
Cleaning pulse pressure MPa 0.5
Intervals between cleaning pulses S 300

2.4. Dust Used in Tests

In order to maintain the possibility of comparing the effects of filtration with the
use of filter bags operating in different industrial dust collectors, the same dust was
used in laboratory tests of all bags. It was fine dust from the sanding of bent beech
wood furniture panels. The bulk density of this dust was 177.8 kg-m 2. The particle-size
distribution of the dust was also determined by the sieve analysis method (Figure 4). The
mass arithmetic mean particle size of 91 pm was determined based on the particle-size
distribution. Standard deviation of the distribution was of 39.8 um.

2.5. Calculations of the K, Coefficient Value

As a result of the tests carried out by means of a simple calculation from Formula (2),
the Ky value was obtained from the measurement of the pressure drop across the clean
filter bags. The dust resistance coefficient K, was also calculated, which depends on the
pressure drop App, across the dust cake, filtration velocity w¢ and the dust areal density of
the filtering surface s in accordance with Equation (4), after transforming Equation (3):

Ap

Ky = WP; [s_l], )
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Figure 4. Particle-size distributions of the dust by sieving method.

The dust areal density of the surface in the tests was calculated from Formula (5).
s = wy-c-t [kgm*z}, (5)

where c is the dust concentration at the test stand inlet 0.01 kg-m~3, and t is the time
between cleaning pulses of 300 s.

3. Results and Discussion

Filter bags from two installations operating in the same furniture factory in different
technological lines were used for the test. Thus, data were obtained on the characteristics
of the formation of air flow resistance through bags made of the same non-woven fabric
installed in filters differently loaded with air carrying various types of dust waste.

Before testing the total pressure drop Ap. for individual bags, the pressure drop across
the bags Apg during the clean air flow was determined. This test showed an increase in
resistance with increasing bag life in an industrial filter. The pressure drop values for the
filter bags from both filter baghouses are shown in Figures 5 and 6. The formation of the
pressure drop during the flow of clean air through the filter bags is very similar to the
results obtained in previous studies on the use of two-layer filter media for the separation
of wood dust [26].

The value of the K coefficient equal to 1276 [Pa-s-m~'] was read from plot of the
clean bag, which had not been used before, as the value of the proportionality coefficient
of the regression equation. On the basis of the results obtained in accordance with the
Formula (1), the value of the pressure drop across the clean bag Apg was calculated for the
assumed filtration velocity of 0.0405 m-s~!. This pressure drop is 51.7 Pa. This value was
further used to determine the dust cake resistance coefficient.

The operation time of the bags in an industrial installation increases the resistance of
clean air flow through the tested filter fabric. This is certainly due to the presence of dust
inside the bag structure that was previously used in an industrial dust collector. Higher
resistances were obtained for the bags working in filter 2 in the dust extraction installation
of the CNC drilling machine line. The pulse-jet baghouse in this installation works in
lighter conditions (filtration velocity and less waste than in the narrow surfaces processing
line) and the bags are cleaned less frequently. This shows that the frequency of cleaning
pulses has a decisive influence on the air flow resistance.

In the second stage of the test, the total pressure drop was measured during the exper-
iments with the use of filter bags previously working in industrial filters for 67, 133 and
272 days and a clean bag, not previously used. The same test wood dust was used in all
the experimental air purification processes. Figures 7 and 8 show the maximum pressure
drop Ap. in individual filtration cycles for the tested filter bags from baghouses 1 and 2
respectively. Both figures show the pressure drop curves for bags that were used in indus-
trial installations. The course of the increase in total pressure drop during experimental
filtration processes is characteristic for this type of filtration process.
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Figure 5. Pressure drop across clean filter media from narrow surfaces treatment line.
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Figure 8. Flow resistance Ap. through the filter fabric from the line of drilling centers.

In the initial phase, the pressure drop increases quite quickly, but with the time of the
experiments, the increase in the pressure drop gets smaller. This proves the stabilization of
the dust cake formed on the surface of the filter medium and thus the stabilization of the
flow conditions in the entire system.

For bags from both lines it was observed that the longer the fabric was used in the
industrial installation, the higher the air flow resistance during laboratory tests. Comparing
both lines, it can be concluded that slightly higher resistances were observed for the bags
of the CNC drilling machine line. However, in the case of the longest operation life of
272 days, this difference was significant.

Based on the regression equations for pressure drop obtained in individual test fil-
tration processes, the values of the total pressure drop for the 50th filtration cycle were
calculated. The equations and values of Ap. are presented in Table 5. The total pressure
drop difference of the bags from the filter 1 and from the filter 2 were statistically significant
for the 67th day and 272nd day. However, the absolute difference was much greater for the
272nd day.

Table 5. Summary of regression equations and pressure drop values for the 50th filter cycle. a, b—the
same letters in the lines mean no significant differences at the level of significance 0.05.

Line for Processing Narrow Surfaces Line for Drilling Centers
Equation Apc [Pa] Equation Ap. [Pa]
0 45.851T0-109 83.72 45.85170-109 83.72
67 52.186T0-1053 93.34b 53.2187T0-0868 85.94 2
133 56.621T0-0995 98.08 2 73.1T0:0513 97.042
272 62.722T0-0879 101912 160.77719-0377 197.97 P

Using the Ap. value from Table 5, the values of the K, dust resistance coefficient were
calculated based on Formula (4) for all test processes. The results of these calculations are
presented in Table 6.

Figure 9 shows the dependence of the K2 coefficient on the operation time of the bags
in the installation in both lines.

Based on the results obtained, differences in the value of the K, coefficient were
observed. Extending the operation time of bags in industrial installations increases the K;
coefficient from 6400 s ! to over 10,100 s ! in the case of narrow surface processing line
(filter 1) to almost 30,000 s~ ! in the case of CNC drilling machines line (filter 2). Higher
values of the K, coefficient were obtained for the CNC drilling machine line, in which
the bags operating in the industrial installation were less loaded with dust and the dust
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particles were coarser. The factor that determines the value of the K, coefficient is the
frequency of cleaning pulses. In the filter in the narrow plane processing line, where the
frequency of cleaning pulses is higher, lower values of the K, coefficient were obtained,
even though the dust load of these bags in the industrial installation are much heavier.
The values of parameters summarizing the working conditions of the bags in industrial
installations and the results of the dust resistance coefficient are presented in Table 7.

Table 6. Summary of the resistance values App, and the K; coefficient for individual test variants.

Filter 1 A Line for Processing Narrow Surfaces Filter 2 A Line for Drilling Centers
Apyp [Pa] Ky [s 1] App [Pa] Ky [s71]
0 32.022 6507.545 32.022 6507.545
67 41.662 8466.596 34.262 6962.76
133 46.402 9429.863 45.362 9218.513
272 50.232 10,208.2 146.292 29,729.61
35,000
—.;I]
+2'30,000 - .
" + Filter 1 y = 53086600058
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Figure 9. The value of the K; coefficient depending on the working time of the bags.

Table 7. Working conditions of bags in industrial installations and results of the dust resistance

coefficient K.

. Intervals The Amount Average
PrOd}lCthI‘l Ky [s71] between of Waste Dustthtadil Particle Size
Line 1 [kg-(m*min)—1]
Pulses [s] [kg-h—1] [um]
Line for
processing 10,208.2 606 250 0.0133 140.88
narrow
surfaces
CNC drilling 29,729.6 690 100 0.0047 168.64

machines line

The results obtained show that cleaning pulses are an important factor determining
the work of filter bags. They can eliminate the potentially negative impact on the filtration
process of other factors, such as dust load or particle size of dust in polluted air.

Comparing the results obtained with the earlier studies in which the values of the
K5 coefficient for beech dust were determined, it can be concluded that in the case of this
filter material, the values of the K, coefficient for beech wood dust are about half that
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of the values obtained in the study on wood dust filtration [30]. In these tests, however,
a filter material with a higher weight was used and the intervals between the cleaning
pulses were much smaller. In other works describing the filtration tests, taking into account
the determination of the K, coefficient value, mineral dusts were usually used. Choi [35]
calculates the dust resistance coefficient for fly ash with three different values of the
geometric mean diameter (dust from: power plant 19.15 um, fluidized bed combustion
45.68 um and paint incinerator 37.55 um). This dust is much finer than wood dust, hence
the K, coefficient values are much higher and range from 120,000 s~! to over 300,000 s~ 1.
Saleem et al. [25]. Cheng and Tsai [24] dealt with, inter alia, filtering separation of limestone
dust. For this type of dust, at a similar filtration velocity, the values of the K, coefficient are
also much higher than for wood dust. Moreover, the study of the filtration of limestone
dust and fly ash carried out by Cheng and Tsai [24] showed a directly proportional increase
in the K, coefficient depending on the filtration velocity. Saleem, et al. [25] came to
similar conclusions.

The study on the K coefficient during the filtration of coal dust was carried out by
Li, et al. [28]. In this case, the focus was on the influence of dust humidity on the filtration
resistance caused by the dust cake and the K, coefficient. The test carried out at similar
velocities showed that the value of the K; coefficient reaches up to about 1.3 x 10 and is
definitely higher than in the case of filtering wood dust. It is also highly dependent on the
moisture content of the dust.

Studies on the K; coefficient during filtration, as a rule, concerned research based on
mineral dusts. In the available publications, one can also find works on organic maize
and tapioca dust in comparison to mineral dust in the form of phosphate concentrate [36].
The research concerned the porosity of the dust cake formed on the filter surface. The
results obtained clearly indicate that the porosity of the dust cake depends, inter alia, on
the particle size (the smaller the particle size, the lower the porosity, and the higher the
cake density) and the filtration velocity. Therefore, a directly proportional increase in the
K, coefficient was shown depending on the increase in the density of the dust cake and
inversely proportional to its porosity. The effect of increasing the filtration velocity on the
value of the K; coefficient during filtration has also been proven. The values of the K,
coefficient obtained for individual dusts at the filtration velocity of 5 m-s~! were: 74,000 s !
for tapioca dust, 16,000 s~1 for corn dust and 23,200 s~ for phosphate concentrate dust.
When analyzing the particle size and dust density, we conclude that these parameters also
affect the K; coefficient. Among the three tested dusts, the density of tapioca and corn and
the particle size were similar (density about 1.5 g~cm’1, particle size from 8.5 to 9.5 um).
For the dust from the phosphate concentrate, these values were: density about 3.03 g-cm ™3,
particle size 15.53 pm. Analyzing the obtained values of the K, coefficient for individual
types of dust, we have come to the conclusion that one of the factors shaping its value
is also the dust density. It was found that the dependence of the K; coefficient value is
directly proportional to dust density. Kim et al. (2019) did not study the dust specific
resistance coefficient in rice dust in post-harvest processes due to the various particle sizes
and low dust concentrations [37].

The presented diagrams (Figures 7 and 8) clearly show the dependence of the filtra-
tion resistance on the bag’s working time in the baghouses operated in the dust exhaust
installations in the narrow surface processing and the line of CNC drilling machines. The
longer the working time of the filter bags, the greater the resistance. This is also confirmed
by the diagram of the resistance of clean air flow through the filter and the related value of
the K; coefficient increasing with working time of material. It follows that the operation
time (maturation, conditioning) of the filter bags affects the formation and the value of the
Kj; coefficient. The pulse-jet cleaning intensity is associated with the working time, it turns
out that the filter bags cleaned more frequently retaining lower flow resistance despite the
greater load of finer dust. The effective pulse-jet cleaning of filter bags is dependent on the
specific dust resistance coefficient. The studies performed using limestone dust and fly ash
show that the increase of the K, coefficient requires higher cleaning parameters [38,39].
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Long-term operation of the filter bags can be simulated under laboratory condi-
tions. The methods of aging filter materials in laboratory conditions, used so far by
Saleem, et al. [20] and Mukhopadhyay and Bawane, (2015) [21] corresponded to the num-
ber of cleaning pulses for a period of approximately 100 days of bag work in a furniture
factory (maximum 10,000 cycles), while the operation life of such bags is often several
years. As a result, such artificial aging of filter bags may turn out to be unreliable; therefore,
to verify the actual operation of such bags, they must be tested taking into account their
use in real conditions.

4. Conclusions

The research conducted has shown that the properties of filter non-woven fabrics
used in industrial conditions change during their operation. It has been shown that the
air flow resistance through the filter fabric increases with the longer filtration time. On
the basis of the results obtained, it can be concluded that the operation properties of the
filter bags depend not only on their primary operating characteristics, but also on their
working conditions. The conditions in which the filter bags work also include the high
dust load and the low size of the dust particles. These factors negatively affect the filtration
resistance, but their influence can be compensated by the increased frequency of cleaning
pulses. It has also been shown that the K, coefficient is influenced not only by the filtration
velocity, moisture content of dust, porosity and density of the dust layer, particle size and
density of the material from which the dust was produced, but also by the length of the
bag operation time.

The high parameters of pulse-jet cleaning pulse frequency and initial pressure should
be used to reduce the increase of the pressure drop in bag filters for wood dusts. The value
of the dust specific resistance coefficient can be an indicator of the need for this reduction.
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