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This study investigates the filtration performance of three different filter media—PTFE (Polytetrafluoroethylene)-coated
media, stainless steel fibre blended with PET (Polyethylene Terephthalate) media, and stainless steel fibre scrim
media—under varying charge levels and dust concentrations using a pilot pulse-jet filter unit and a flat-based test rig.
The effect of charge, material type, and dust concentration on filtration efficiency, particulate emissions, and charge
dissipation behaviour is systematically examined. Results indicate that charge plays a dominant role in enhancing filtration
efficiency by promoting dust agglomeration and improving dust cake properties. PTFE-coated media exhibits the lowest
particulate emissions across both test rigs, whereas stainless steel fibre scrim media demonstrates the fastest charge
dissipation. A comparative analysis reveals that the pilot pulse-jet filter unit exhibits higher particulate emissions than the
flat-based test rig due to its non-uniform dust deposition and cleaning inefficiencies. The study further establishes strong
correlations between downstream particulate emissions, mass concentration, and particle number concentration across the
two test rigs. Findings provide valuable insights into optimising charge-assisted filtration mechanisms and understanding the

influence of electrostatic charge on different filter media.
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1 Introduction

Electrostatically assisted hybrid systems have evolved
as one of the most widely adopted aerosol collecting
techniques in industrial applications due to their high
mass collection efficiency and low-pressure drop with
relatively low capital and operating costs'”. Numerous
studies”” have been conducted on the performance of
different hybrid system designs; however, there is still a
dearth of research on comparing the filtration parameters
of different types of conductive filter media, as all the
reported studies were confined to keeping the filter
media fixed mostly with either Polyphenylene sulfide
(PPS) material or Teflon coated fabric. Industries
employing electrostatically assisted filtration systems are
prone to static charge accumulation, resulting in spark
generation hazards. To mitigate this risk, conductive
filter media have been introduced, consisting of
conductive elements that dissipate the static charge.
Besides the comparative analysis of different conductive
filter materials, there lies a dearth of research on the
comparative study of the effect of various dust charge
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levels on conductive materials’ filtration behaviour.
Another vital aspect significantly influencing the
filtration behaviour of materials is inlet dust
concentration. The amount of dust approaching the filter
media significantly impacts the filter media's surface
behaviour. Further, it was reported that for the same
particle size, both average and average residual pressure
drops are reduced with the decrease of maximum
pressure, but both the number of pulse-jet cleaning and
the average dust emission concentration are increased,
which lowers the dust collection efficiency. The track of
dust particles is affected by numerous mechanical
mechanisms such as inertial impaction, interception,
gravitational settling and Brownian motion. These
mechanisms deposit the aerosol over the filter media and
separate them from the exhaust gas®™. It is also to be
added that the emission behaviour of filter media also
affects its life'™"". Early seepage and clogging can lead
to reduced life filter media and its frequent replacement,
eventually leading to high investment costs for the
industries.

Some of the previous researches'*'* have reported
an enhanced filtration performance of filter materials
through charging the aerosol particles. Studies on
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varying dust densities and their effect on emission
have also been carried out using varying particle size
distribution  dust>.  However, to date, no
comprehensive study has been reported on conductive
filter media. Therefore, by considering the above-
mentioned research gaps, the present study has been
undertaken to analyse the effect of various charged
and non-charged conditions on filtration and pressure
drop behaviour of different types of conductive filter
media under different inlet dust concentrations. The
study's findings are expected to be beneficial in
choosing the best conductive filter material that can
be widely used in filtration industries under various
operating conditions.

Furthermore, industrial filtration systems experience
significant fluctuation in dust density, making it
essential to assess the response of both test rigs across
varying dust concentration levels. System design is
immensely influenced by dust density; while lower
dust concentration improves filtration performance
(lower emission at the cost of lower energy and longer
filtration life) at the cost of larger bag houses on the
basis of air-to-cloth ratios. Thus, system designers must
balance dust density and filter unit size to optimise
performance and cost efficiency. The present research
aims to analyse the effects of dust concentration under
both uncharged and charged conditions and evaluate
the interactions of these parameters.

2 Materials and Methods

Needle-punched nonwoven materials are generally
preferred for pulse-jet filtration in industrial
applications due to their ability to prevent direct
particle penetration through intermeshed pores and
their resilience against high-intensity shock during
pulsing operations. Considering these factors,
polyester needle-punched conductive filter materials
were selected for this investigation. The material
specifications are presented in Table 1.

The experimental investigation was conducted
using two distinct laboratory-based pulse-jet filtration

set-ups: a flat media test rig embedded with a pre-
charger, where the filter media is in a flat rectangular
form and a pilot filter unit, where the media is in a
cylindrical bag shape. Generally, filter materials are
tested in a flat form at the laboratory scale, while
industrial applications employ a cylindrical bag form.
Hence, in the present case, the pilot filter unit is closer
to the real-time industrial situation. The reason for
characterising the ageing performance of filter
materials across these two set-ups was to analyse how
their behaviour changes at a scaled-up level.

In a flat media test rig, the set-up comprised a dust
feeder to ensure uniform dust feeding, followed by a
pre-charger installed to charge the aerosol particles. A
dust layer was created on the surface of filter media
during filtration and was periodically dislodged using
a pressure-based method at a peak pressure of 1000
Pa, with a pulsing time of 50 milliseconds. The
downstream side was equipped with an online particle
size analyser ‘Promo 2000’ to analyse the emitted
particles. The standard followed was ISO 11057 and
fly ash was used as the aerosol. The dimensions of flat
specimen were 50 cm in length and 18 cm in width.

The operational mechanism for the pilot filter unit
was similar to that of the flat media test rig, but the
filter media was in a cylindrical bag form. Each filter
bag measured 125 mm in diameter and 800 mm in
height.

Testing conditions:
Inlet face velocity: 2 m/min
Air to cloth ratio: 2
Inlet dust concentrations: 50 g/m?® and 150 g/m?
Tank pressure: 2 bar
Valve opening time: 50 ms
Total filtration area: 0.09 m” for flat media test rig
and 0.65 m” for cylindrical-based set-up
Pulsing at 1000 Pa differential pressure drop

Testing sequence:
Conditioning 30 cycles, cleaning pulse at 1000 Pa.

Table 1 — Material specifications

Material Fabric mass Thickness
g/m? mm

Polytetrafluoroethylene (PTFE) 520 2.3

coated filter media

Stainless steel fibre blended with 518 2.3

polyethylene terephthalate (PET) media

Stainless steel fibre scrim media 505 2.1

Air permeability Fibre Blend ratio, % Punches
m*/m?*min length, mm per cm?
8 51 100% PET 450
15 51 60% PET with 40% 450
stainless steel fibre
12 51 5% stainless steel fibrein 450

the scrim with 95% PET
fibre
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Ageing 2500 cycles with a cleaning cycle at 20 s.
Stabilising 10 cycles, cleaning pulse at 1000 Pa
Measuring for 2 h at 1000 Pa (pressure-based
cleaning)
The raw dust distribution of fly ash used for filter
media characterisation is uniform.

3 Results and Discussion

Tables 2 and 3 present the average values of the
filtration parameters for all investigated materials on a
pilot pulse-jet filter unit at lower (50 g/m®) and higher
(150 g/m’) dust concentrations, respectively. It is
observed that the absolute filtration behaviour for
each material is consistent with the results obtained
from the flat-based test rig (Tables 3 and 4). However,
this study primarily discusses the relative behaviour
between the two test rigs. Table 4 shows the F-values
at a 95% confidence level for all the parameters,
revealing that for each factor, the calculated F-value is

greater than the tabulated value. Table 5 summarises
the contribution of each factor, viz. charge, material,
dust concentration, and their interactions, in
determining the filtration behaviour of the three
materials. The findings indicate that while all factors
significantly influence filtration performance, the
effect of charge is the most pronounced in both
test rigs, followed by material type and its interaction
with charge. Conversely, dust concentration exhibits
the least influence, primarily due to dust
agglomeration facilitated by pre-charge, which
enhances the dust cake properties and prevents
particulate penetration into the inner layer of the filter
media. These results highlight that pre-charge levels
and media structure govern the movement of dust on
the filter media. Additionally, the regression
equations and correlation coefficients (r) for each
response are found to be statistically significant and
within an acceptable fit.

Table 2 — Material performance on pilot pulse jet filter unit under different charge levels at 50 g/m® dust concentration

Response PTFE coated filter media

0kV  4kV  8kV  12kV  0kV
PM, 5 (ug/m®) 1021 841 715 671 1236
PM, (ng/m?) 1409 1231 1189 1146 1581
Mass conc. 1.87 161 146 139 198
(mg/m?)
Particleno. conc. 43,1 3367 2031 2832 5103
(P/cm?)
Dio (um) 1.03 130 141 198  1.00
Dso (um) 143 190 203 217 132
Doo (um) 267 299 307 337 247
Residual pressure ¢, 5 517 496 471 661
drop (Pa)

Stainless steel fibre blended with

Stainless steel fibre scrim media

PET media
Dust charge level
4kV 8kV 12 kV 0kV 4kV 8kV 12kV
849
901 802 747 1339 1075 908 849

1386 1277 1249 1759 1518 1406 1372
1.73 1.52 1.47 2.16 1.88 1.72 1.59

4015 3493 3343 5764 4506 4014 3727

1.18 1.28 1.71 0.86 1.00 1.17 1.56
1.51 1.92 2.01 1.22 1.33 1.73 1.90
2.89 3.11 3.15 2.01 2.52 2.88 3.00

592 551 525 718 647 599 561

Table 3 — Material performance on pilot pulse jet filter unit under different charge levels at 150 g/m?® dust concentration

Response PTFE coated filter media

0kV  4kV  8kV  12kV  0kV
PM, 5 (pg/m®) 1287 1083 945 896 1482
PM,, (pg/m?) 1720 1501 1396 1358 1901
Mass conc. 196 162 143 151 2.09
(mg/m?)
Particleno. cone. 55,3 4190 3828 3628 6208
(P/cm?)
Do (um) 089 108 1.19 172 071
Dso (um) 129 175 1.55 1.91 1.05
Doo (um) 251 243 247 294 186

Residual pressure

drop (Pa) 646 564 511 492 707

Stainless steel fibre blended with

Stainless steel fibre scrim media
PET media

Dust charge level

4kV 8kV 12kv. 0kV 4kV 8kV 12 kV
1236 1086 1001 1694 1379 1219 1122
1658 1539 1468 2089 1831 1676 1584

1.82 1.64 1.53 2.28 2.06 1.80 1.65

5182 4382 4094 6967 5819 5089 4648

0.80 0.99 1.47 0.64 0.78 0.93 1.26
1.19 1.38 2.47 0.81 1.10 1.16 1.84
2.07 2.77 3.03 1.73 1.92 2.49 2.90

622 579 551 736 671 617 584
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Table 4 — Calculated F-values for all parameters derived from three-way ANOVA
Filtration Material Charge Dust conc. Material x Charge Charge x Dust Dust Copc. 8
Parameter Conc. material
Ftab]c =2.87 Ftablc =3.10 Ftablc =435 Ftablc =228 Ftablc =3.10 Ftablc =2.87

Flat Pilot Flat Pilo Flat Pilot Flat Pilot Flat Pilot Flat Pilot
PM,s (ug/m®)  89.57 7342 1021 1153 718 6247 9218 7731 6352 6927  81.03  59.06
PM,, (ng/m?) 109.7 117.8 1338 1566 5731 4821 9713 7121 5103 6131 6631  70.09
l(\fnag/snfs‘;nc' 8141 70.16  91.03 9934 5208 5556 7249 5628 49.07  63.17 7213  62.65
fo;‘i‘; NO-CONC- 8731 738 9905 1317 3981 3311 6505 5811 4321 3118  57.05 5123
Dio (um) 4708 4128 6207 53.11 47.14 5872 37.17 4331 53.18 4503 6126  50.29
Dso (um) 4028 4929  57.14 6361 5127 3886 2957 3311 4223 3634 3934  31.07
Dso (um) 58.17 6792 5026 68.09 59.11 3979 29.17 3516 5372 4739 5592 4771
Residual pressure o) 37 1931 1473 1812 7042  89.64 1015 843  69.13 5152  79.09 6281
drop (Pa)

Table 5 — Contribution percentage for all parameters derived from three-way ANOVA

Filtration Material Charge Dust conc. Material x Charge Charge x Dust conc. Dust conc.x Material
Parameter

Flat Pilot Flat Pilot Flat Pilot Flat Pilot Flat Pilot Flat Pilot
PM,s (ug/m’®) 2134 2049 2564 2685 1006  13.09 21.14 17.17 17.64 1572 1157  13.73
PM,, (ng/m’) 1826 22.11 23.06 2607 1531 1138 23.56 1953 1723 1052 1051 748
Mass conc. 16.83 2027 2007 2479 1971 1681 2217 1737 1783 12,61 1261 826
(mg/m?)
f}ffgﬁ‘; NO-CONC- 1716 2245 2147 2718 1081 1596 23.17 18.03 1386  13.16 1316 741
Dio (um) 1513  18.64 2363 27.72 17.64 1651 1418 88 1037 1139 1137 878
Dso (um) 1756 2081 228 2171 1418 1729 946 1023 1361 1093 1349 991
Doo (um) 18.16 20.72 2481 2155 1522 165 894 1129 1217 1082 1052  7.79
gffﬁ‘gpregs“re 2209 2078 2031 24.16 1028  18.09 2179 1747 1743  10.75 1402 821

3.1 Correlation Behavior of Emission-Related Parameters
Figure 1 illustrates PM,; emissions for PTFE-
coated media, stainless steel fibre blended with PET
media, and stainless steel fibre scrim media. Among
the three materials, PTFE-coated media exhibits the
lowest particulate emissions in both test rigs, followed
by stainless steel fibre blended with PET media and
stainless steel fibre scrim media under both charged
and uncharged conditions. However, particulate
emissions are consistently higher in the pilot pulse-jet
filter unit compared to the flat-based test rig across all
charge levels and dust concentrations. This
discrepancy can be attributed to differences in airflow
regulation. In the flat-based test rig, air entry occurs
from a single side, and the smaller height of the media
facilitates relatively uniform airflow distribution. In
contrast, the pilot filter media has a greater height and
broader dimensions, resulting in non-uniform dust
deposition due to unsteady airflow dynamics. The
outer-to-inner airflow across the bag (pilot filter
media) is highest near the collar and decreases along

its length, leading to inevitable variations in dust
deposition. Consequently, aerosols follow the path of
least resistance, leading to inadequate dust cake
formation in certain areas of the pilot media and
resulting in  higher emissions. Furthermore,
gravitational effects may cause dust dislodgement
from the pilot media prior to the cleaning cycle.
During the cleaning operation, inner-to-outer
airflow is reduced at the top of the pilot media,
which is in close proximity to the pulsing nozzless'’.
This results in intense shaking at the top,
which diminishes along the length of the bag,
leading to wuneven cleaning efficiency. Despite
these differences, a strong correlation between the
emission values of the two test rigs is observed,
with emissions consistently higher in the pilot
filter unit (Fig. 2). The role of charge is significant in
both test rigs, with a marginally greater effect in the
pilot filter unit due to a higher number of inlet
particles. The interaction between dust concentration
and charge is also more prominent in the pilot filter



DUTTA et al.: COMPARATIVE STUDY OF FILTRATION RIGS 103

unit, likely due to the increased number of larger
particles (>1 pm) in the flue gas, which amplifies the
charge effect.

For PTFE-coated media, the charge has a lesser
impact on downstream particulate emissions than
stainless steel fibre blended with PET media and
stainless steel fibre scrim media in both test rigs. This
can be attributed to PTFE-coated media’s inherently
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Fig. 1 — PM, 5 emission behaviour for (a) PTFE-coated media,

(b) stainless steel fibre blended with PET media and (c) stainless
steel fibre scrim media

superior particle capture efficiency, even in the
absence of charge. Consequently, the reduction in
particulate emissions from 0 kV to 4 kV is relatively
minor. In contrast, stainless steel fibre blended with
PET media and stainless steel fibre scrim media
exhibit greater particle seepage under uncharged
conditions. However, under charged conditions,
particle agglomeration at the pre-charged state
prevents further penetration, resulting in a more
pronounced improvement in filtration efficiency.
Notably, the interaction between dust concentration
and charge is more pronounced in the flat-based test
rig due to more uniform dust deposition, enhancing
the cumulative effect of these factors (Table 5).
Figures 3 and 4 further illustrate that downstream
mass and particle number concentrations exhibit
strong correlations between the two test rigs.
However, downstream particle number concentrations
are consistently higher across all materials in the pilot
filter unit. This trend aligns with particulate
emissions, suggesting that variations in mass
concentration and particle number concentration are
influenced by the same factors. Under charged
conditions, the capture efficiency for particles larger
than 10 pum is greater in the flat-based test rig, as
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Fig. 3 — Correlation behaviour between flat and pilot test rigs
for (a) downstream mass concentration and (b) particle number
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indicated by the smaller difference between total mass
concentration and PM,, emission across all materials.
This finding reinforces the significant role of charge
in filtration performance, particularly in the pilot
filter unit.

3.2 Charge Dissipation Behavior of Materials

Half-decay time tests indicate that materials with
longer charge dissipation times exhibit lower particulate
emissions. As charged particles accumulate on the
media surface, charge dissipation leads to the gradual
breakdown of agglomerated particles. A longer
dissipation time suggests a slower breakdown, delaying
particle penetration into the inner media layers and
resulting in improved surface filtration.

Table 6 summarises charge dissipation test results.
The dissipation time is shorter for stainless steel fibre
blended with PET media compared to PTFE-coated
media due to the presence of conductive stainless
steel fibres, which facilitate charge dissipation. The
dissipation time for stainless steel fibre scrim media is
the shortest among the three materials due to the
presence of conductive filaments arranged in a
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Fig. 4 — Particle number concentration behaviour for (a) PTFE-
coated media, (b) stainless steel fibre blended with PET media
and (c) stainless steel fibre scrim media

Table 6 — Charge dissipation test results

Material Half-decay time (s)

4 kV 8kV 12 kV
PTFE coated media 9.2 114 12.8
Stainless steel fibre blended with 6.8 8.1 10.9
PET media
Stainless steel fibre scrim media 4.9 7.2 9.2

structured manner, providing a continuous path for
charge dissipation. In contrast, other materials exhibit
discrete charge dissipation paths, leading to relatively
slower dissipation.
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distribution at (a) Dy, (b) Dsg, and (c) Dgg

3.3 Correlation Behaviour of Particle Size Distribution (D,,,
Dsg, Dyo)

Figure 5 illustrates the correlation between the two
test rigs in terms of downstream particle size
distribution (Do, D5y, and Dyg). While no distinct
trend is observed, particle size distribution values
generally increase with higher pre-charge levels (0 kV
to 12 kV) in both test rigs. This is likely due to lower
emissions at higher pre-charge levels, resulting in
fewer particles of each size range in the downstream
flow. Additionally, under charged conditions, the dust
cake on the filter media surface also acquires charge,
promoting particle agglomeration, which may further
increase average particle size. Among the three
particle size distribution parameters, charge exhibits
the greatest influence on Dy, in both test rigs,
indicating that charge has a more pronounced effect

on capturing larger particles. Furthermore, a strong
interaction between charge and dust concentration is
observed in both test rigs, reinforcing the role of
charge in filtration efficiency.

4 Conclusion

This study highlights the significant role of charge,
material type, and dust concentration in filtration
performance across two test rigs. Charge exhibits the
most substantial impact, enhancing filtration
efficiency through particle agglomeration and dust
cake formation. PTFE-coated media consistently
outperforms the other materials in terms of particulate
capture, while stainless steel fibre scrim media
exhibits the fastest charge dissipation. The pilot pulse-
jet filter unit demonstrates higher emissions and
particle concentrations compared to the flat-based test
rig due to its non-uniform dust deposition and
cleaning dynamics. These findings provide valuable
insights into optimising filtration efficiency and
understanding the influence of electrostatic charge on
different filter media.
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