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Abstract 

In this work, a focused deposition technique was developed and applied to soot 

particles produced in a laminar premixed flame of ethylene and air. Particles were 

collected by means of an Electrostatic Precipitator (ESP), coupled with a Corona 

charger device used for unipolar charging of particles. Charged aerosol particles 

were electrostatically focused on a mica muscovite disks positioned on the ESP 

electrode by an electrically grounded metal mesh. Particle dimensions were 

measured by means of a Scanning Mobility Particle Sizer system, constituted by a 

nano-Differential Mobility Analyzer (DMA) and an Ultrafine Condensation 

Particle Counter (CPC). The collection efficiency of the system constituted by the 

corona charger and the ESP was calculated to be 99%, by measuring particle 

concentration exiting the ESP when the voltage is applied, and comparing it to 

particle concentration exiting the ESP when no voltage is applied.  

The focusing method was tested with an optical microscope observing focused 

carbonaceous nanoparticles in spots of tens of microns in dimension. This method 

can be used as an effective sampling procedure for ex-situ analysis of carbonaceous 

nanoparticles, since it allows obtaining reduced sampling times and enhanced 

analysis resolutions. 

 

Introduction 

The main characteristics of carbonaceous nanoparticles produced in fuel-rich 

combustion environments have been deeply investigated by means of both ex-situ 

and in-situ characterization techniques and reported in literature [1]. In-situ 

measurements, such as laser-based optical diagnostic, are used to determine 

particle concentrations and size distributions and also to better understand the 

kinetics of particle formation in flame. However, additional information on particle 

chemical structure and morphology can be gained only by collecting particles in 

the combustion system and analyzing them by means of ex-situ techniques, like 

Raman spectroscopy, Atomic Force Microscopy and High-Resolution 

Transmission Electron Microscopy. To this aim, effective sampling methods which 

allow collecting enough quantity of material and do not falsify or change particle 

properties are required.  

Techniques for sampling and analyzing nanoparticle aerosol based on the principle 
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of electrostatic deposition of charged particles on a solid substrate, such as 

electrostatic precipitator (ESP), are widely used [2]. In an ESP collection system, 

particles are first charged by an external highly efficient charger, and then are 

transported by the gas into the ESP core. A high constant voltage is applied 

between the central electrode and the walls of the electrically grounded ESP, so the 

unipolar charged particles migrate to and are collected on a plate with the opposite 

charge [3]. However, such systems generally require a rather long sampling time 

the smaller are the nanoparticle due to their low charging probability and small 

mass.  

Great benefits in terms of reduced sampling time and enhanced resolution of 

subsequent particle analysis can be achieved by using focused deposition of 

nanoparticles to a specific micrometric “spots” on the substrate [4]. This technique 

has been successfully applied for the observation of aerosol particles with 

Transmission Electron Microscope [2], and it can be also useful in fabricating 

nanoparticle-based devices. 

In this work, a method to obtain a focused nanoparticle deposition was applied to 

carbonaceous nanoparticles formed in laminar premixed flames. Using an 

Electrostatic Precipitator coupled with a Corona charger, soot particle focusing was 

achieved by placing a mica muscovite substrate on the electrode of ESP, and then 

positioning an electrical grounded metal mesh on the substrate. 

  

Experimental 

Carbonaceous nanoparticles were produced in an atmospheric pressure laminar 

premixed ethylene-air flame, stabilized on a water cooled syntherized bronze 

McKenna burner having a diameter of 6 cm. The cold gas velocity was set at 9.8 

cm/s and carbon to oxygen (C/O) atomic ratio was C/O= 0.67 (equivalence ratio 

Ф=2.03). Particles were collected at a height above the burner surface (HAB) of 20 

mm.  

The experimental setup used in this work is reported in Figure 1. Following the 

procedure described in earlier works [5], flame-formed nanoparticles were sampled 

by means of a high dilution tubular probe horizontally placed into the flame with 

its lateral sampling hole positioned downward, and connected to a heat exchanger. 

An IONER CC-8020 Corona charger was used as unipolar particle charger, and it 

was set at a voltage of 3.5 kV with positive polarity. Charged particle aerosol was 

then delivered to an ESP built in our laboratory starting from that designed by 

Dixkens and Fissan [3]. The voltage applied to the ESP through a high-voltage 

power supply was 2 kV.  
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Figure 1. Schematic diagram of the experimental setup. 

 

A Scanning Mobility Particle Sizer system, constituted by a nano-Differential 

Mobility Analyzer (DMA) model 3085 and an Ultrafine Condensation Particle 

Counter (CPC) model 3776, both from TSI Company, was placed downstream the 

ESP. The SMPS system was used to classify flame-formed carbon nanoparticles 

and measure the particle size distribution functions (PSDs). The DMA-CPC also 

monitored particle concentration with and without the voltage applied to ESP in 

order to measure the collection efficiency on the substrate, Ecoll, which is defined as 

the particle number deposited on the sample holder when a voltage is applied to the 

ESP, divided by the particle number at the inlet when no voltage is applied. 

 

Results and discussion 

PSD was first measured when the potential at the corona charger and the ESP was 

set to zero, in order to characterize the produced nanoparticle dimension. PSD 

measured at HAB=20 mm is reported in Figure 2. Two modes can be observed in 

the size distribution, the first one at Dp=2 nm, and a second one positioned at 

Dp=15 nm. Mean particle size was calculated to be 17.2 nm. 
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Figure 2. PSD measured at HAB=20 mm. 

 

Collection efficiency of the system constituted by the corona charger and the ESP 

was calculated for particles selected in size by fixing the potential at the DMA. To 

this aim, the concentration of particles exiting the ESP when a voltage was applied 

was measured and compared to the concentration of particle exiting the ESP when 

no voltage was applied.  

The particle concentrations measured by CPC as a function of time are reported in 

Figure 3. Measurements were performed for particle of Dp =5 nm and Dp =10 nm, 

by selecting the appropriate voltage at the classifier (DMA).  

 
Figure 3. Particle concentration versus time for 5 nm particles (left side) and 10 

nm particles (right side) measured by CPC. Drop off of the signal is measured 

when the high voltage power supply of ESP is turned ON. 
 

The initial concentration value is around 2*10
3
 particles per cubic centimeter for 

Dp =5 nm and around 6*10
3
 particles per cubic centimeter for Dp =10 nm. When 

the high-voltage power supply connected to the ESP is turned ON at a voltage 

value of 2 kV with negative polarity, the ESP starts collecting, and particle 
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concentration decreases reaching a plateau value. From Figure 3, it is clear that 

both plateau values for 5 nm and 1 0nm particles are extremely close to zero 

particles per cubic centimeters. This is an evidence that the device operated in 

those experimental conditions is able to capture at least 99% of particles, and so 

collection efficiency is about 99%, considering the experimental uncertainties.  

Particle focusing was performed by following a procedure similar to that of 

Fokumori et al. [4]. It consists in the strongly channeling of particles on the 

electrode by using a mesh of conductive material that allows particles to migrate 

through it. This mesh must be electrically grounded (the same electrical potential 

as the case). The electrically grounded mesh is effective in focusing the local 

electric field on the substrate, but it also suppresses the transport of the charged 

aerosol from the inlet nozzle to the substrate by reducing the strength of the global 

electric field. A mica muscovite disk was used as substrate for particle collection, 

and placed on the electrode of ESP. Mica disk and ESP electrode had a diameter of 

9 mm. A stainless steel square mesh grid with opening of 500 μm and a wire 

diameter dw = 200 μm was placed on the mica disk substrate. The ESP case 

concentrates the electric field to the center of the electrode and allows electrical 

contact with the mesh.  

Figure 4 reports typical images of mica substrate surface after a deposition time of 

120 min, obtained by means of a USB Digital Microscope able to capture high 

resolutions picture in a wide micro scale. It is clearly seen that particles are 

deposited in localized spots. The mean dimension of each spot is around 45 μm. 

 

 
Figure4. Optical microscope image of mica substrate surface after 120 min 

deposition using a stainless steel mesh with a square opening of 500 μm and a wire 

diameter of 200 μm. 

 

The effectiveness of the electrostatic focusing [4], Rfocus, can be calculated from the 

ratio between the spot area covered by particles, Adep, and the area of the mesh, 

Amesh: 

                        (1) 

 



 

XXXVIII Meeting of the Italian Section of the Combustion Institute 

Then, to evaluate the efficiency by which particles are deposited in a spot, the net 

concentration efficiency, Rconc, can be defined as: 

 

                                                                  (2) 

 

In our experimental conditions, the net concentration efficiency is 99.6%, showing 

that a very efficient focusing has been achieved. 

 

Conclusions 

Combustion generated nanoparticles have been sampled using an Electrostatic 

Precipitar (ESP) developed in our laboratory. Charged particles have been 

collected with a collection efficiency about 99%, net of experimental uncertainties. 

Particles have also been focused in micron scale spots using a stainless steel square 

mesh grid placed on a mica disk substrate and both placed on the ESP electrode. 

The mean dimension of each spot is around 45 μm, leading to a concentration 

efficiency, Rconc, of 99.6%. 
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