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Abstract 
 
In this study, an electrostatic precipitator collection system for smoke removal from burning 
incense was developed and the particle collection efficiency was evaluated.  The effects of the 
geometric parameters of a discharge electrode on the dust collection efficiency of the 
electrostatic precipitator were analyzed, and different types of discharge emission electrodes 
were optimized. The designed dust collector consisted of a simple array of coaxial discharge 
electrodes placed along the axis of four cylindrical collection tubes with a diameter of 28 mm 
with 100 mm in length. The discharging electrodes were of various types: tungsten rods, copper 
rods and copper wires. DC high voltage power supply was varied with output voltage ranging 
from 3-10 kV. The distance between discharge electrode and collecting electrode was fixed at 
12.5 mm. The air ventilation used in the system had an output velocity of 1.4 m/s, while the 
collection electrode was grounded. The morphology of the incense ash was studied using 
scanning electron microscopy (SEM). The experimental results showed that the operational 
conditions for the ESP were set at a high voltage of 10 kV and a low air flow rate. These 
conditions, in combination with a tungsten rod as the discharge electrode, provided the highest 
collection efficiency of PM 2.5 and 10 dust. The overall collection efficiency of the developed 
precipitator was found to be about 79.51% and 75.68% for PM 2.5 and PM 10. It was shown 
that the developed prototype was effective in the removal of particulates up to 84.1 and 81.76 
for PM 2.5 and PM 10 at the treatment time of 30 min. In conclusion, the developed electrostatic 
precipitator has the potential as a device for collecting PM 2.5 and PM 10 particles emitted by 
incense smoke exhaust. 
 
Keywords:  electrostatic precipitator; dust collector; discharge electrode; collection 
efficiency  



Nilgumhang et al.         Curr. Appl. Sci. Technol 2025, Vol. 25 (No. 5), e0263961 
 

2 

1. Introduction 
 
One of the basic human needs to survive and enjoy life is good weather. However, the 
weather has changed due to pollution, affecting many people in various countries. Air 
pollution refers to the contamination of both indoor and outdoor air by gases and solid 
particles, resulting in changes to the natural characteristics of the air (Maduna & Tomašić, 
2017; Manisalidis et al., 2020). Moreover, this contamination can significantly alter the 
atmosphere's composition, affecting human health, environmental quality, and the global 
climate. In Thailand, the sources of air pollution include transportation, agricultural burning, 
industrial activities, residential burning, and others (Vichit-Vadakan & Vajanapoom, 2011). 
Key pollutants that pose significant health risks include particulate matter (PM), nitrogen 
oxides (NOx), sulfur dioxide (SO2), carbon monoxide (CO), volatile organic compounds 
(VOCs), among others (Zukeran et al., 1999). These air pollutants are often invisible to the 
naked eye because the particles involved are too small for the human eyes to see. 
However, in certain situations, air pollution can become visible.  Household air pollution is 
an established determinant of human health. World Health Organization (2024) estimates 
that household air pollution causes around 4.3 million deaths worldwide annually. The 
preponderance of these fatalities transpires in low- and middle-income nations, especially 
in Asia, where solid fuels like biomass and coal are often used for cooking and heating.  

The current research has determined that the primary cause of air pollution in 
households is the burning of solid fuel (Ali et al., 2021). Other sources of indoor air pollution 
include smoking and home cleaning. Nevertheless, the impact of burning incense in 
residential homes within communities has been largely overlooked in the existing literature. 
Incense has been utilized for spiritual, magical, cleansing, and healing purposes since 
ancient times (Jetter et al., 2002; See & Balasubramanian, 2011). Incense burning is 
widespread in Eastern cultures and religions, particularly in Southeast Asia. Incenses are 
burned at homes and in public places including places of worship, stores and shopping 
malls. Various incense forms include sticks, joss sticks, cones, coils, powders, rope, or 
smudge bundles (Chen et al., 2017). Incenses are usually made from aromatic ingredients, 
wood powder, adhesive, and bamboo sticks (Lin et al., 2008). Burning incense produces 
fine and ultrafine particulate matter, volatile organic compounds, other gaseous 
compounds, and heavy metals (Yang et al., 2006; 2012). 

Among those pollutants, particulate matter emitted from incense burning, 
especially fine PM2.5 and PM10 is one of the most hazardous air pollutants associated 
with major mortality cases globally (Gupta et al., 2023).  Various techniques can be 
employed to control the dispersion of dust and smoke particles that result from incense 
burning, including the utilization of high-efficiency particulate air (HEPA) filters and 
electrostatic precipitators (Dubey et al., 2021). Air filters provide the maximum level of 
efficiency in filtration, but their use is hindered by challenges in maintenance and the 
reduction of hot gas pressure. reduction of hot gas pressure. Various techniques can be 
used to control the dispersion of dust and smoke particles generated from incense burning, 
including high-efficiency particulate air (HEPA) filters and electrostatic precipitators (Dubey 
et al., 2021). While HEPA filters offer high filtration efficiency, their use is limited by 
maintenance challenges and a reduction in airflow pressure. Additionally, elevated 
temperatures may affect filter performance and durability. Since incense smoke can reach 
high temperatures, some filtration methods may become less effective or unsuitable. 
Therefore, alternative approaches, such as electrostatic precipitators or specialized 
filtration systems, may be more appropriate for capturing fine particles from incense smoke. 
Using electrostatic precipitator (ESP) air cleaners is effective in reducing industrial and 
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indoor air pollution, with a 99% efficiency for suspended particulate removal (Hensel et al., 
2003; Liu et al., 2022). ESP air cleaners first charge suspended particulates using high-
voltage discharge, and then collected by dust collection plates. The collection rate 
increases with discharge voltage, and the surrounding air can form a plasma, destroying 
gaseous air pollutants (Liu et al., 2022). The maximum load during the operation of the 
ESP is assessed using electrodes; hence, the electrode material must possess excellent 
electrical and thermal conductivity, along with a high melting point. Tungsten, molybdenum, 
zirconium, hafnium, yttrium, aluminum, copper, iron, and their alloys serve as electrode 
materials. The selection of discharge electrode material is contingent upon the 
performance, durability and system design requirements (Lagarias, 1960). Tungsten 
electrodes used in ESP offer exceptional durability, high-temperature resistance, and 
reliability, making them well-suited for rigorous industrial applications where consistent 
performance and longevity are essential (Xu et al., 2022). In contrast, copper electrodes 
provide outstanding electrical conductivity, facilitating efficient energy transfer. This 
characteristic can lower power consumption in ESPs and enhance the efficiency of particle 
collection (Lu et al., 2024). 

Many studies have confirmed that ESP is highly efficient in removing suspended 
particulates. However, their potential to remove gaseous pollutants and aerosols has not 
been well researched. This research aimed to study and develop an electrostatic 
precipitator collection system for smoke removal from burning incense and evaluate its 
particle collection efficiency. The electrostatic precipitator's dust collection efficiency was 
investigated according to the discharge electrode material characteristics, and the 
discharge electrode's shape was optimized. Following that, an experiment was conducted 
to evaluate the effect of optimizing the discharge electrode on the dust-collecting efficiency 
of the electrostatic precipitator. The level of improvement resulting from the optimization 
was then validated. 

The electrostatic precipitator (ESP) is a device designed to control air pollution. It 
utilizes electricity within its system to efficiently separate particles from the air. A simple 
schematic of an ESP system is depicted in Figure 1. The ESP consists of two types of 
electrodes. The discharge electrode, the negative pole, is made from metal rods, wires, or 
flat plates, while the collection electrode is constructed from metal sheet plates or tubes 
(Afshari et al., 2020). The operational principle of the ESP involves using airflow in 
conjunction with electrodes to charge the particles. Subsequently, electrostatic forces 
induce the movement of these charged particles towards the collection electrode, which 
possesses a pole differing from that of the particles, facilitating their collection on its 
surface. 

The primary categories of ESPs include plate, cylinder, and wet precipitators. 
During the preliminary phase, particle charging transpires through the application of high 
voltage to air molecules, resulting in ionization and the production of positive ions and free 
electrons (Mizuno et al., 2000). The free electrons are drawn to the electrode, whilst the 
positive ions persist in the air, producing a discernible bright blue or purple luminescence 
referred to as the corona. Upon entering the electric field, particles collide with positively 
charged air molecules, thereby acquiring a positive charge. The charged particles are then 
affected by the electric field, prompting their migration towards the negatively charged 
collecting electrode, where they accumulate and precipitate. However, at high voltages, 
particle re-entrainment may occur, affecting collection efficiency. 
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Figure 1. Electrostatic precipitation 
 
Electrostatic precipitators are categorized based on the number of stages 

employed to charge and eliminate particles from a gas stream. The corona wires are 
located in the precipitation section in a single-stage precipitator. The electric field 
responsible for particle charging also induces particle collection on surfaces with an 
opposing charge within the same chamber (Kocik et al., 2005) 

Alternatively, two-stage electrostatic precipitators consist of distinct compartments 
for the processes of charging and collection. In the first stage, particles are charged using 
low voltage, while in the second stage, these charged particles are gathered by surfaces 
that carry an opposite charge. The main purpose of a two-stage ESP is to purify air in 
combination with IAQ systems. It also helps regulate fine mists and particles in industries 
such as manufacturing, healthcare, and electronics (Afshari et al., 2020). 

A corona discharge is an electrical discharge caused by the ionization of a fluid, 
such as air, surrounding a high-voltage conductor. It represents a local region where the 
air (or other fluid) has undergone an electrical breakdown and become conductive, allowing 
charge to continuously leak off the conductor into the air. A corona discharge occurs at 
locations where the strength of the electric field (potential gradient) around a conductor 
exceeds the dielectric strength of the air. Electric field strength E(r) at any radial distance 
can be calculated using the following equation (Kudpa et al., 2016): 
 

1 2

V
E(r) =

rln(r / r )
     (1)  

 
Where E(r) is the electric field intensity, r2 is the radius of the collecting electrode, r1 is the 
radius of the discharge electrode, and V is voltage. A corona onset field strength can be 
calculated as follows (Parker, 1997): 
 

0 s 1 )E = E δ + A / r( δ     (2) 
 

Where Es is the breakdown electric field in the air at normal conditions (3.126 ×106 V/m 
for atmospheric pressure of 20°C), A is a constant (0.0266 m1/2), and δ is air density at 
atmospheric pressure.  If the precipitator is a coaxial cylinder and the space charge effect 
is not taken into account, the corona initiation voltage V0 can be calculated from the 
following equation (Parker, 1997). 
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0 1 1 2 )V = Er (ln r / r     (3) 
 

The current flowing through the surface area of the outer electrode as a function of the 
discharge electrode supply voltage can be written as follows (Parker, 1997). 
 

0 i 0
2

2 2 1

8πε Ζ V(V - V )
I = 

r ln(r / r )
    (4) 

 
where Ɛ0 is the Free-space permittivity, equal to 8.854 x10-12 F/m, and Zi is the electrical 
mobility of ions and has a value equal to 1.15 x 10-4 m2/v.s. Collection efficiency (ƞ) of 
the electrostatic precipitator is the proportion of the difference between the masses of 
the particles at the inlet and outlet of the precipitate to the mass of particles at the inlet 
of the precipitate (Intra et al., 2010): 

wA
= 1- exp

Q
η −

 
 
 

    (5) 

 
where A is the collection area of the plates of ESP, w is migration velocity, Q is the 
flowing rate of the gas stream, m1 is the inlet dust concentration, and m2 is outlet dust 
concentration. 
 

2. Materials and Methods 
 
2.1 Materials 
 
The incense used in this study was acquired from a Thail local market. The incense ash 
was removed and collected from the air using high-voltage electrostatics. The chemical 
element of the incense was identified using wavelength dispersive X-ray fluorescence 
(WD-XRF, Bruker S8 Tiger, Germany). The incense ash's morphology and particle size 
were analyzed using a field emission scanning electron microscope (Hitachi, high-vacuum 
FE-SEM SU5000). In this work, tungsten-based electrode (with 2 wt.% ThO2) materials 
were compared to copper-based alloys (rod and wire type). 
 
2.2 Experimental setup 
 
To evaluate the effectiveness of electrostatic precipitators (ESP) for air treatment 
applications, a wire-to-cylinder type ESP has been designed and developed, as shown in 
Figure 2. A laboratory scale ESP consisted of a vertical grounded metal cylinder of inner 
diameter (D) of 28 mm and length (L) of 100 mm as a collecting electrode. Figure 3  shows 
the schematic of an ESP section. The ESP section was of the wire-to-cylinder 
configuration. A copper pipe was used as the collection electrode. Discharge electrodes of 
different materials types including tungsten rod, copper rod, and copper wire were used 
and connected to a negative DC high-voltage power supply. The performance of ESP was 
studied at various voltages ranging from 3 to 10 kV. The system included a 1.4 m/s velocity 
air output ventilation. A particle counter (HT-9600) was placed to measure the amount of 
particles. The current and voltage were tested by oscilloscope (tektronix 3 series mdo) to 
check the accuracy of the voltage. This study used particulate matter (PM 2.5 and PM 10) 
as the incense smoke markers. 
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Figure 2. (a) Schematic design of ESP and (b) ESP experimental setup 
 
 

 
 
 

Figure 3. Schematic of an ESP section 
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The instrument measured the mass concentration of PM 2.5 and PM 10 per minute 
for 30 min. The collected data was transformed into an average value per minute to align 
with the desired standard of the instrument. Ten sampling sets were conducted to assess 
the mass concentration and particle count to determine the percentage of each PM size 
concentration. The efficiency was determined by analyzing the data collected from the 
sample observations and comparing it with the percentage of PM size concentration. The 
impact of temperature was standardized by employing the appropriate formulae for 
calculating volume under normal conditions. The concentration of PM 2.5 and PM 10 
(µg/m3) received from the measurement was used to determine instrument efficiency. The 
efficiency of an air cleaning device can be assessed by directly comparing the ratio of the 
concentration of dust that had been reduced to the concentration of dust that was initially 
present (standard approach), and was evaluated as follows (Cid et al., 2022): 

 
2 1/ mη = 1- (m )     (6) 

where m1 is the inlet dust concentration (g/m3) and m2 is the outlet dust concentration (g/m3). 
Before the start of each experiment, the particles were discharged by dispersing them onto 
a copper metal cylinder connected to the ground. Subsequently, the charge was quantified 
before and after each experiment. In addition, following each experiment, the ESP was 
dismantled and meticulously cleaned using compressed air. All the experiments were 
repeated thrice and conducted under stable temperature conditions in the range of 20-25oC 
and humidity of 40-50%. 
 

3. Results and Discussion 
 
3.1 Dust collector prototype 
 
The dust collector prototype used in this study was developed using current knowledge 
and electrostatic technology and techniques. Figure 2 depicts the configuration of the newly 
designed indoor dust collector. The initial prototype was improved based on numerous 
ideas that met the requirements for utilization in hospitals, buildings, and general offices, 
and was characterized by being small, light, and easily movable. The improvement was 
appropriate for utilization inside structures and enclosed spaces. Table 1 presents the 
chemical composition data for incense ash. The test results show that the ash consisted 
primarily of CaCO3 (98%), with 2.5% being K2O and 1.6% being MgO. Table 2 shows the 
condition variable used to measure the effectiveness of the incense collector from ESP. 
The prototype consisted of an ionizer, an electrostatic collector, a computer fan, a high-
voltage power supply, and an electronic control unit. The prototype first draws air through 
the machine using an exhaust fan through a coarse filter to filter out coarse dust first. Then, 
the air flows through into the particle charger. 

In this research, we used the diffusion and field charging method to charge dust 
particles with a positive electric charge. The particle charger consisted of a discharge wire-
to-cylinder where the voltage supplied to the discharge electrode was a direct current 
voltage higher than the corona onset voltage and did not exceed spark-over corona 
voltage. The voltage polarity was varied from 3-10 kV. A positive pole was used because 
positive corona voltage creates lower ozone (O3) than negative corona voltage and was 
suitable for use inside buildings. Electrically charged particles passed through a particle 
collector and dust particles were collected using the collecting electrode. A high voltage 
was provided for the collection and discharge electrodes, releasing clean air from the 
prototype. 
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Table 1 X-ray fluorescence analysis of the elemental composition of incense stick ash 

Element Concentration (%) 
CaCO3 92.07 

K2O 2.53 
SiO2 1.67 
MgO 1.53 
P2O5 0.54 

Cl 0.47 
SO3 0.41 

Al2O3 0.32 
Fe2O3 0.26 
TiO2 0.08 
SrO 0.06 
MnO 0.03 

 
Table 2. Condition variable used to measure the effectiveness of the incense collector from 
ESP 

Variable Details 

Dimension of prototype 16x22x15 cm (Top)  

16x10x44 cm (Bottom) 

DC Voltage 3, 7, 10 kV 

Corona discharge rod, wire 

Discharge electrode diameter 28.4 mm 

collection electrode diameter  wire 0.8 mm 

rod 1.2 mm 

Gap of the discharge and collection electrode 1.2 mm 

Velocity 1.4 m/s 

Particle charge PM 2.5/ PM 10 

Temperature 30 oC 

Initial particle concentration  5000 µg/m3 

Relative humidity 50-70 %RH 
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3.2 Collecting efficiency 
 
The particle counter measures the proportion of PM 2.5, and PM 10 in the inlet side of the 
ESP. The collection efficiency (%) of ESP can be evaluated by the inlet concentration or 
number of particles. Subtract the outlet concentration of particles; the resulting value is 
divided by the inlet concentration, and all results are multiplied by 100%, as shown in 
equation 6. Figure 4 shows the incense smoke particle collection efficiencies and dust 
concentrations for PM 2.5 and PM 10. When the effects of diffusion and gravity 
sedimentation were combined, the dust particle settling efficiency of the air treatment unit 
was obtained. It was found that the dust particle collection efficiency value of the ESP 
increased as the corona discharge and test time increased. A higher voltage directly 
influenced the electric field strength inside the precipitator, increasing the particle charge. 
A longer test time allowed the particles to circulate in the prototype for longer, resulting in 
better precipitation and air treatment. The effects of diffusion and sedimentation influenced 
by gravity contributed to overall precipitation efficiency. The mean efficiency of the air 
treatment unit was 79.51% and 75.68% at 30 min for PM 2.5 and PM 10 with a voltage of 
10 kV.  For PM 2.5, a concentration of incense dust particles at a voltage of 10 kV with 
tungsten, copper, and copper wire electrode materials had high average efficiencies of 
84.1%, 78.48%, and 76.3%, respectively. Followed by 7 kV of all electrodes, efficiencies 
were 51.38%, 34.98%, and 48.88%.  At the voltage of 3 kV, the lowest collection 
efficiencies were 29.44%, 38.34%, and 39.98 %, respectively. The PM10 concentration 
test yielded comparable results to the PM 2.5 measurement. The corresponding maximum 
collection efficiencies at a voltage of 10 kV were 81.76%, 74.28%, and 72.24% for 
tungsten, copper, and copper wire as the discharge electrodes. However, in the case of 
PM 10, all electrodes exhibited reduced effectiveness, and certain electrodes had 
excessively large particle sizes, hence impacting the ESP system and resulting in an 
undetectable oversized condition. The detector remained efficient, but the ESP system 
failed to capture these large particles due to insufficient voltage.  

Normally, electric field strength is the crucial element that determines the behavior 
of insulating materials; therefore, analyzing the distribution of electric field strength is 
essential for the design and sizing of high-voltage equipment. When a high negative DC 
potential is delivered to the discharge electrode. The grounded collection electrode is 
elevated, and at a specific voltage, the medium undergoes breakdown, leading to the 
discharge of free electrons from the discharge electrodes. This occurrence is referred to 
as “corona discharge”. The most acute electrode is termed the emitter (often a needle or 
wire), whereas the other is referred to as the collector (plate, ring, mesh, or cylinder) 
(Chang et al., 1991; Conesa et al., 2019). The common electrode arrangement in corona 
discharge on ESP also influences collection efficiency through differences in electric field 
distribution, particle charging, corona discharge, particle transport, and power 
consumption. The wire-to-cylinder configuration in this study has high importance because 
it can be used as a source to generate an ionic wind due to the nonuniform electric field 
created when a high voltage is applied (Kiousis et al., 2014). In contrast, the wire-to-plane 
arrangement (Carreno & Bernabeu, 1994) has different characteristics. Specifically, the 
surface condition of the wire such as microscopic roughness and non-uniformity can 
influence the inception voltage and the corona current discharge. These factors may lead 
to unstable corona operation in an electrostatic precipitator (ESP) system, affecting its 
overall performance. 
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Figure 4. Reduction of total dust concentration and collection efficiency versus time at 
high voltage (V) values of 3, 7 and 10 kV 

 
In addition to the arrangement of the electrode poles, another factor that affects 

dust collection efficiency is positive or negative polarization (White et al., 1974). For 
negative corona (in an experiment), electrons move towards the collecting electrode and 
positive ions migrate towards the discharge electrode (Wettervik et al., 2015; Park & Chun, 
2002). Particle charging takes place in the region between the active zone and the passive 
surface of the electrode. A substantial quantity of neutral ions, negative ions, and some 
free electrons migrate towards the passive electrode due to the electric field. The 
elimination of particles is contingent upon Coulomb's law, being proportional to the strength 
of the applied electric field and the magnitude of charge attained by the particles. Under 
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the high-voltage power supply, electric fields induced various electrostatic phenomena, 
some of which were utilized to charge the incense particles and impart a strong electric 
field in the smoke to collect and remove them (Riehle, 1997; Nóbrega et al., 2004). Two 
dust charge mechanisms are possible, contingent upon particle size: field charging for 
particles approximately 1 µm or bigger, and diffusion charging for particles less than 0.01 
(White et al., 1974; Parker, 1997). This study also investigated the effect of PM 2.5 and 
PM 10 concentrations. Figures 3(a,c,e) show the reduction in PM 2.5 and PM 10 dust levels 
inside the test machine for 1-30 min. The results show that the amount of PM 2.5, and PM 
10 dust in the test chamber decreased when the treatment machine was turned on at 
voltage of 10 kV for approximately 30 min. The amount of PM 2.5 and PM 10 dust at initial 
concentrations of 5000 µg/m3 decreased with increase of voltage. Table 3 shows the 
results for measuring the efficiency of the dust trap with 5 repetitions under optimum 
conditions with a tungsten rod electrode with an output voltage of 10 kV.  

 
Table 3. Test results for measuring the efficacy of a dust trap were conducted 5 times 

Collection 
Efficiency 
(%) 

Times Average 
1 2 3 4 5 6 

PM  2.5  84.1 79.4 81.5 79.52 80.34 72.22 79.51 
PM  10  81.76 74.58 78.68 76.22 76.72 66.12 75.68 

 
These results in Table 3 indicate a consistent average collection efficiency of 

79.51% and 75.68% for PM 2.5 and PM 10 across all trials. The data suggests that the 
dust trap effectively captured particles with high accuracy.  Comparing the effects of 
electrode material type on particle collection efficiency, for the same voltage, the tungsten 
rod's discharge current and collection efficiency were higher than those of the copper rod 
and copper wire. This is because tungsten has excellent electrical and thermal properties, 
as well as a higher melting temperature than copper materials (Hamidi et al., 2021). 

Therefore, the tungsten rod generated a stronger electric field and attracted 
particles more effectively. Additionally, the higher melting temperature of tungsten allowed 
for more efficient particle collection without compromising the integrity of the electrode 
material. Kim et al. (2016) reported the effects of various materials used as discharge 
electrodes (tungsten) on ozone emission. It was found that a tungsten electrode, when the 
voltage was applied in the range of 8-10 kV, released more ozone compared to other metal 
electrodes.  Also, releasing lower ozone concentrations from an ionizer with appropriate 
high-voltage electrodes can capture air pollutants and destroy chemical pathogens (Park 
et al., 2016; Baggio et al., 2022). 
 
3.3 Materials characterization  
 
The X-ray diffraction (XRD) technique is highly applicable for determining materials' crystal 
structures, defects, and elemental compositions. Regarding this, we performed the XRD 
analysis of the raw incense at room temperature in the range of 10-60 2θ degrees. Here, 
the lower-degree angle identified organic material contents along with some alkali metals. 

Figure 5 displays the XRD patterns of the incense ash. The sample exhibited 
diffraction peaks at 2θ angles of 23.06, 29.4, 31.43, 35.98, 39.42, 43.12, 47.50, 48.51, and 
58.08. The XRD patterns confirmed the existence of calcite, a crystalline manifestation of 
calcium carbonate, as the main phase of incense (Jain et al., 2020). These XRD results 
were consistent with the XRF results that found that the concentration of incense ash was 
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so high that it was not possible to find another mixed compound. This indicates that the 
incense ash sample was highly pure and did not contain significant impurities. 

FESEM-EDX can be used to accurately examine the size, shape, and elemental 
compositions of materials. Our materials were analyzed using an energy level of 10 KeV 
to prevent any damage to the materials throughout the analysis process. Upon examination 
of incense ash using the FESEM, as shown in Figure 6(a). It was clear that the particles 
exhibited a significant degree of aggregation, resulting in the formation of a cohesive mass. 
The EDX study (Figure 6(b)) demonstrated the presence of a diverse range of elements 
inside the incense ash, with calcium (Ca), oxygen (O), and magnesium (Mg) representing 
the most abundant. Small levels of silicon (Si), carbon (C), and potassium (K) were also 
identified. The particle size of the raw incense ash powders typically varied within the 
micron range of 0.9-1.2 microns. Furthermore, the powders of the incense sticks exhibited 
uneven shapes and sizes, as can be seen in Figures 6(c) and 6(d). The majority of the 
bright areas consisted of carbon-rich particles, which were generated from the combustion 
of the stick rising, followed by the elements oxygen (O), potassium (K), and silicon (Si), 
respectively. 

 

 
 

Figure 5. XRD patterns of incense ash 
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Figure 6. SEM micrographs and EDX spectra of; (a,b) incense ash  and (c,d) incense stick 
ash 

 
4. Conclusions 

 
The experimental results showed that the operational conditions for the ESP were set at a 
high voltage of 10 kV and a low air flow rate. These conditions combined with the use of a 
tungsten rod as a discharge electrode provided the highest collection efficiency of PM 2.5 
and 10. The overall collection efficiency of the present precipitator was found to be about 
79.51 and 75.68% for PM 2.5 and PM 10. It was shown that the developed prototype could 
effectively remove particulates up to 84.1 and 81.76 for PM 2.5 and PM 10 at the treatment 
time of 30 min. The effect of electrode materials showed that tungsten rods had higher 
discharge current and collection efficiency than copper rods and wires due to their superior 
electrical and thermal properties and higher melting temperature, enabling more effective 
particle attraction and electrode material integrity. In conclusion, the developed 
electrostatic precipitator has the potential to collect PM 2.5 and PM 10 particles emitted by 
incense smoke exhaust. 
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