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Abstract. Filter aids have been widely used in air filtration system in order to fulfill the needs to
expand the lifespan of the fabric filter as well as to improve the collection efficiency of particles
during filtration and separation operations. The efficiencies of PrekotAC that consists of a different
combination of power activated carbon and pre-coating material, PreKot™ in terms of its pressure
drop across a filter media and collection efficiency are highly influenced on the material loading of a
material used during filtration process. PrekotAC was formulated into four different weight ratios and
tested under a constant air flow rate of 4 L/min and three different material loadings of 0.2, 0.4 and 0.6
mg/mm?. It was found that the higher the material loading is the higher the pressure drop across a
filter media becomes. The results also showed that the penetration of particles were reduced
significantly as material loading increases where higher material loading leads to higher collection
efficiencies of particles.

Introduction

Filter aids is an inorganic mineral powders or organic fibrous materials which is used together with
filtration unit in order to improve and increase the efficiency of filtration and separation operations. It
may be applied in various ways and pre-coat filter aids is one of the techniques which has been widely
used in the industry where it will coat a layer of inert material onto the surface of the fabric filter.
Filter aids has the ability to increase the porosity and reduce the compressibility of the cake thus make
the accumulated cake more permeable. In filtration operations, pre-coat filter aids used to coat a layer
of inert material onto the surface of the fabric filter which acts as a supporter for the accumulated cake
as well as a barrier for protection that allow a uniform airflow passing through the fabric filter [1].

Filter quality is referring to the performance of the filter aids material in terms of its pressure drop
as well as filtration efficiency since these two parameters are closely related to one another. A good
filter aids should not only capable in extending the life span of the fabric filter but it should have the
least number of particles penetrating through the filter media as well able to reduce pressure drop
across a filter cake [2].

Pressure drop is made up of two components which are particle deposition within the filter media
as well as the dust cake that formed on the surface of the filter media. The deposited dust that
accumulated on the surface of the filter media is responsible for increasing the pressure drop across
the filter media [3, 4]. Pressure drop across the filter media as well as particle penetration depends on
operation parameters such as filtration velocity, filter media (permeability and surface properties),
characteristics of dust (composition, shape and particle size distribution), gas properties (composition
and temperature) and parameters of bag cleaning that is pulse jet over pressure and duration [5, 6]. It
was reported that filter cake thickness which referring to material loading could influenced the
penetration performance of a material [7]. Thus, understanding the parameters effecting the
performance of a filter aids material is important in order to find the best filter aids material that can
be applied in the filtration and separation process.
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Hence, this paper discusses on the effects of material loading on the efficiency of PrekotAC in
terms of its pressure drop and particle collection efficiency across a PTFE filter media. PrekotAC was
tested in a laboratory scale filtration test system unit under a constant air flow rate of 4 L/min and
three different material loadings of 0.2, 0.4 and 0.6 mg/ mm?. The performance of PrekotAC as a
newly formulated filter aids material was studied and compared to the performance of its respective
raw materials, activated carbon and PreKot™ in favor to find the suitable PrekotAC mixture that will
be applied as filter aids material in fabric filtration system.

Methodology

Formulation of PrekotAC. PrekotAC is a combination of an adsorbent, activated carbon and a
commercially available pre-coating material, PreKot™. Activated carbon used in this study is a
coconut based material while PreKot™ is an amorphous hydrated glassy volcanic rock primarily
fused aluminum silicate. The specifications of both raw materials have been summarized in Table 1.

Table 1. Specifications of raw materials (activated carbon and PreKot™).

Activated carbon PreKot™
Form, color: Powder, black Form, color: Powder, snowy white
Origin: Coconut based Fusion point: 1300-1400°C
pH: 9-11 Softening point: 900-1100°C
Ash content: 8% max Thermal conductivity: Less than 0.0500 (kcal/mh°C) at 0°C
Bulk density: ~440 kg/m Bulk density: ~120kg/m3

Note: PreKot™ is proprietary of AMR Environmental Sdn. Bhd.

PrekotAC was formulated into four different weight ratios as presented in Table 2. Activated
carbon and PreKot™ were dried in an oven (Memmert, Model UNB 200) at 110°C for 24 hours
before formulating in order to discard the moisture content.

Table 2. Proposed compositions of PrekotAC.
Activated carbon: PreKot™ [Ratio (wt%)]
10:90
20:80
30:70
40:60

Experimental Procedures.
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Fig. 1 Schematic diagram of the filtration test system.
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Fig. 1 showed the laboratory scale filtration test system that had been designed to study and
evaluate the performance of each formulated filter aids materials as well as the raw materials. The
fabricated test system consisted of dust feeder, filter media holder, pressure manometer, rotameter,
particle counter and a vacuum pump. Pressure drop across a filter media was monitored using
pressure manometer (Extech Instrument Model HD755) while particle penetration was observed
using GRIMM Portable Laser Aerosol Spectrometer (Model 1.109). An air vacuum was placed at the
end of the system to control the volumetric airflow rate that passing through the system.

Using the filtration test system as shown in Fig. 1, the effects of material loading on the efficiency
of PrekotAC as a filter aids material under a constant air flow rate of 4 L/min were investigated. The
experiment was tested on PTFE filter media where the specifications of the filter media are presented
in Table 3. The overall experimental procedures involved in this study are summarized in Table 4.

Table 3. Specifications of PTFE filter media.

Basic weight (g/m?) 800
Thickness (mm) 1.3
Working temperature (°C) 240-260
Breaking strength (N/5 cm) Wrap>700, Weft>700

Table 4. Summary of the experimental procedures.

Filter media PTFE
Total filtration area (mm?) 755
Material loading (mg/mm?) 0.2,0.4,0.6
Airflow rate (L/min) 4

Results and Discussions

Effects on Pressure Drop Across a Filter Media. Fig. 2 presents the effects of different material
loading of 0.2, 0.4 and 0.6 mg/mm?2 on pressure drop across a filter media under constant airflow rate
of 4 L/min which as expected showed that pressure drop across the filter cake increases with material
loading for all materials. As shown in the figure, each material registered the highest pressure drop
across the filter cake at the highest material loading of 0.6 mg/mmz2. This can be explained by the fact
that higher material loading leads to a thicker filter cake and consequently reduces the volumetric air
flow that passing through the filter cake [8]. This finding indicates the dependence of pressure drop on
the permeability of the accumulated dust cake on the filter media [9, 10].

As in Fig. 2, activated carbon has the highest while PreKot™ presents the lowest pressure drop
across the filter cake in all cases. PrekotAC showed a consistent and uniform pressure drop across a
filter cake with PrekotAC 10:90 has the highest while PrekotAC 40:60 registered the lowest pressure
drop among these four formulations. It was observed that the addition of PreKot™ to the formulation
gave a lower pressure drop across a filter cake compared to activated carbon alone. It was found that
the porous and fluffy structure of PreKot™ help to form a porous filter cake that allows a uniform
airflow passing through the filter media with low pressure drop despite of its thickness. On contrary,
activated carbon which mainly consists of fine particles has a higher tendency to form a compacted
filter cake which reduces airflow passing through the filter media resulting in higher pressure drop
across the filter cake [11, 12].
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Fig. 2 Effects of material loading on pressure drop across a filter media under
a constant airflow rate of 4 L/min.

Thus, it concludes that pressure drop across the filter cake is affected by porosity of the filter cake
that accumulated on the filter media. The porosity of the filter cake decreases as the material loading
increases because higher material loading leads to higher filter cake thickness and compression stress
on the filter cake. However, the newly formulated mixture PrekotAC materials still exhibit the lower
pressure drop compared to the original material activated carbon even at the highest material loading
of 0.6 mg/mmz2. The characteristics of the mixture itself which has wide disparities particle size
distribution leads to form a porous filter cake with higher permeability and lower pressure drop across
a filter cake even at the highest material loading.

Effects on Particle Penetration. The performance in terms of particle penetration was calculated
based on Eg. (1), which is the ratio of the number of penetrated ambient particles across the blank
filter over the number of penetrated filter aids particles under various material loadings [13].

Ratio of penetrated particles (Rpp) = Tf/Ti 1)
where;

Rpp = ratio of the number of penetrated particles

T¢ = total number of penetrated particles after filter aids was added

T; = total number of penetrated particles for ambient air particles

The performance of each material was evaluated based on the calculated Ry, value where;
1 = initially, without material loading
I.e. the ratio of the number of penetrated particles for fabric filter alone, based on ambient
air particle
>1 = better filtration efficiency, less penetration compared to fabric filter alone
>1 poor filtration efficiency, higher penetration compared to fabric filter alone
Fig. 3 presents the ratio of the number of penetrated particles through a PTFE filter media, with
different amount of filter aids loadings of 0.2, 0.4 and 0.6 mg/mm?2 under a constant airflow rate of 4
L/min which that the activated carbon retains the highest while PreKot™ has the lowest number of
penetrated particles across the filter media in all cases. As stated earlier, activated carbon which
predominantly consists of smaller particles has higher number of penetrated particles ratio compared
to PreKot™, It was reported that coarser particles have higher collection compared to finer particles.
Thus, as expected, activated carbon has higher amount of penetrated particles compared to the other
filter aids material that has coarser particle sizes [14, 15].
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Fig. 3 Effects of material loading on particle penetration under constant airflow rate of 4 L/min.

As in the finding, PrekotAC 40:60 has the highest while PrekotAC 10:90 registered the lowest total
number of penetrated particles in all cases. It was found that the addition of PreKot™ to activated
carbon gave a better collection efficiency compared to the performance of activated carbon alone. It
seems that PreKot™ acts as and additional filter media and helps to block the fine particles from
penetrating through it.

It was expected that PrekotAC 40:60 which has a higher percentage of coarse particle will give a
better collection efficiency with less particle penetration compared to PrekotAC 10:90. However, the
results obtained were completely different to the preliminary prediction. It was found that the higher
the ratio of PreKot™ in the mixture is, the bigger the total particle penetration becomes. This occurred
because of the effect of the characteristics of PreKot™ itself which has an odd ball shapes of a loosely
pack material with larger size particles and porosity, leads to higher total particle penetration since
fine particles can easily penetrating through it [16].

However, as the material loading increases, the ratio of the number of penetrated particles
decreases in all cases. As in Fig. 3, as the material loading increased to 0.6 mg/mm2, all filter aids
material registered a better collection efficiency with the Rp, value of less than 1.0. The total
penetration of each material is following the trend that was reported by previous researcher which is
higher material loading leads to a lower total particle penetration due to its thicker cake thickness that
avoid and block particles from penetrating through the filter media [17, 18].

Thus, based on the results obtained, it can be concluded that filtration efficiency is highly
dependent on the material loading introduced during filtration process where the higher the material
loading is, the lower the total number of particles that penetrating through the filter media becomes.

Conclusion

The performance a filter aids material is highly dependent to the material loading introduced
during the filtration process. It was reported that higher material loading leads to higher pressure drop
due across a filter cake formation. This occurred because thicker filter cake reduces the volumetric air
flow passing through the media resulting in higher pressure drop across it. However, in term of its
particle penetration, the higher the material loading is, the lower the ratio of penetrated particles
becomes presenting a higher collection efficiency. This is due to a lower material loading gives
loosely packed particles that easily permeate through the filter media. However, at a higher material
loading, the compacted filter cake reduces the total particle penetration across the filter aids material.
The study concludes that the performance of the filter aids material is strongly influenced by the
material loading introduced during the filtration and separation process. In addition, PrekotAC
showed a better performance compared to the raw material activated carbon even at the highest
material loading.
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