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Abstract

Keywords

Background and aims: The use of particles’ electrical mobility in the electric
field, has always been an important concern, as the functional basis of particle Particle Classification
measuring and instrumentation’s classification. The objective of this study

) ) ; ; ' Electrical Mobility
was to design and construct an aerosol particles classification system, using
electrical mobility feature on a laboratory scale. DMA
Aerosol

Methods: With the collaboration of the Atomic Energy Organization of
Iran and Shahid Beheshti University of Medical Sciences, the laboratory Particle Size
experimental study was carried out. The theoretical principles governing
the development of the DMAs, the FORTRAN programming software and
the Excel-2016 program were used for designing and constructing the DMA
system. Using SOLIDWORKS-2017 software, the technical drawings of the
DMA’s constituent parts and laboratory layouts were carried out. In order to
study the performance of the DMA system, the laboratory instrumentation
including the particle generator, particle counter, dry and clean air supply
system and high voltage power supply were prepared.

Distribution

Results: The length of classification area, the central and outer electrodes were
respectively, 160, 20 and 55 mm in diameter. The proposed DMA efficiency
in particle classification, was respectively between, 71.9% - 92.4 % in particle Accepted : 2019/07/1
range of, 500 - 600 nm and 300 - 350 nm. Each range of particle sizes, at a

specific voltage, lets the equipments reach their maximum efficiency.
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Conclusion: The size distribution of the unknown particles can be determined
by this device, knowing the peak voltage for a particular particle size. The good
performance and wide range of particle size distribution, are the capabilities of
the proposed DMA in the presented study.
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EXTENDED ABSTRACT

INTRODUCTION

The electrical mobility of a particle in an electric
field is determined by its characteristic’s size. This
feature forms the functional basis of a number of
particle measurement instruments. The Differential
Mobility Analyser (DMA), which is a powerful tool
for research, application, aerosols’ measurements
and classifications, is one of the devices used for the
research. This technique has recently attracted a lot
of attention, because of its potential to be used in
nanoparticle measurement (1).

The DMA is the most common instrument in
the aerosol particles’ classification and measurement
, based on the electrical mobility of particles (2).
It is possible to determine the size, numerical
concentration and classification of aerosols, through
the use ofa DMA. A DMA can also be used to separate
the monodisperse sections of unknown aerosols, (such
as atmospheric aerosols), calibrate the equipment
or to study the properties of aerosols. Hence, due
to its wide dynamic range and ability to choose
monodisperse particles from polydisperse (particles
from polydisperse aerosol...) aerosol, it is said that a
DMA, is one of the most versatile calibration tools (3).

In former designs, in order to obtain the electrical
charge of the particles, the resulting monodisperse flow
rate would be directed to a Faraday cup electrometer.
In recent designs, the monodisperse output flow from
the DMA device, is directed to a particle counter, and
the numerical particles concentration is measured
afterwards.

As mentioned, the DMA has many advantages.
Nevertheless, the literature review of Iran, shows
no conducted studies on the construction of these
devices. Therefore, the present study aims to design
and construct a mobility differentiator analyser.
Examining its efficiency and investigating its
application, in the nanometer and micrometer range,
determining the size distribution of the particles.

METHODOLOGY

This experimental study was carried out in
collaboration with the Atomic Energy Organization of
Iran and Shahid Beheshti University of Medical Sciences
in 2017-2018. The theoretical principles governing the
development of a DMA, were extracted from texts and
articles to determine the geometric dimensions and
operating conditions of the proposed DMA. Then the
technical drawings of the DMA’s constituent parts,
were carried out, and the DMA was built. To evaluate
the performance of the proposed system in different
electrical voltages, a laboratory layout was prepared.
Various experiments were carried out to determine its
efficiency in particle size distribution and classification.
Statistical analysis were carried out, using the SPSS v22
and Excel 2016 software.

Theoretical Principles of a DMA

When a charged particle is placed in an electric
field, electrostatic forces are applied to the particle.
Electrical mobility is defined as the velocity of a
particle with a charge of ne in an electrical field, with a
unit of intensity, Electrical mobility (Zp) in a DMA, is
determined using the following equation (4):

2 _(Q,+Q,)In(R,/R,) 1)
’ 2nLV

In this equation, R and R, are the radii of the outer
and inner electrodes (cylinders), L is the effective
electrode length, V is the applied voltage, Q, and Q,
are the airflow of aerosols and particle-free sheath air,
respectively.

Electrical mobility is related to particle diameter d,
and is determined by using Stokes’ law, the following
equation (Re<0.1) (4):

neC,
" 3muz, )
Where C_is the Cunningham slip correction factor,

and p is the gas viscosity. Cunningham slip correction
factor, is based on the following equation (2):

C, =1+K,[1.257+040exp(~1.10/K, )] G)

In the above equation, K is the Knudsen number,
obtained using the following (2):

_24
d

P
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Here, A is the mean free path of a gas molecule and
d, is the particle diameter. Under normal temperature
and pressure conditions, the mean free path of a gas
molecule is about 0.0686 micrometers (5).

Design and Construction of a DMA

According to theoretical principles governing the
design and construction of DMAs, the geometric and
operational parameters of a DMA were calculated,
using the FORTRAN programming software and
Excel 2016.

Based on similar studies, a range of 10-25 mm
for the inner electrode’s radius, and a range of 25-55
mm for the outer electrode’s radius was considered.
FORTRAN was configured so as to repeat the
calculations once per 5 mm. Also, a voltage range of
1-10 kV, with an interval of 100 V was considered.
Default numerical calculations were performed on the
smallest particle that the particle counter used in the
study (which is a particle with a diameter of 260 nm)
was able to count. Then programming was done to
calculate the length of the classification area.
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The technical drawings of the constituent parts
of the DMA were carried out using SOLIDWORKS
2017 software and the assembly plan of the DMA was
extracted, after determining the geometric dimensions
and operating conditions of the device. The parts
were constructed and assembled, on the basis of the
drawings.

Laboratory Layout

The laboratory instrumentation, including the
particle generator, particle counter, dry and clean air
supply system, high voltage power supply and other
accessories were prepared in order to evaluate the
performance of the proposed DMA. To supply aerosol
flow in the size range of 0.15 - 3 micrometers with
constant concentration of Dioctyl Phthalate (DOP)
solution, a particle generator (TOPAS - ATM 225) was
used. At the output of the DMA, a particle counter
(GRIMM 7.309) was used to measure the numerical
concentration of particles. The dry and clean air
supply system (consisting of pumps, compressors
to 50 1/m, silica gel and HEPA' filter) was used to
provide airflow rates to the DMA. A high voltage
direct current (DC) power supply was used to provide
the potential differences of the DMA in the range
of 1 - 10 kV. Other measuring equipment, such as a
multi-meter and a flowmeter were prepared, they were
connected by teflon connections and control valves.
The temperature and relative humidity of the air flow
were measured during tests. Temperature and relative
humidity changes were negligible and in the range of
20.21 to 21.07 °C and 23.4% to 26.9%, respectively.
Temperature and relative humidity were recorded by a
Hygro Thermometer. After calibrating the equipment,
their layout was determined.

RESULT

Presented in Table (1), are the geometric and
operational parameters of the proposed DMA.
Based on the available instrumentation features and
governing theories, these parameters were calculated.
As can be seen in Table (1), the prototype DMA,
respectively has a classification area length of 160
mm and a central and outer electrode diameters of 20
and 55 mm. These values were selected considering
the defaults such as, flow rate of the Grimm particle
counter and the need to observe isokinetic conditions.

The various components of the proposed DMA,
includes a grounded 300 mm stainless steel cylinder
that forms the outer electrode of the DMA, and a 239
mm long copper rod, which is used as the central
electrode as it is a good electricity conductor. The
flow of dry clean air and the aerosols from the particle
generator, enters the DMA on the upper part. For
this purpose, two pieces of Teflon, one 89x76 and

1 High Efficiency Particulate Air
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the other 76x65 mm in dimensions, were made.
To uniform the distribution of airflow in the space
between the central and outer electrodes, a perforated
Teflon piece was placed in the clean air’s entry path to
the DMA. A 165 mm long sampling tube, made out
of Teflon was placed at the end of the device in the
direction of the central electrode. The tube, which was
installed to guide the flow of classified DMA aerosols,
sends the monodisperse aerosol in airflow through
the central slot into the particle counter. The air flow
and the flow of aerosols passes the central electrode
and moves radially downwards. To provide a potential
difference in the range of 1-10 kV and form an electric
field inside the DMA, a high voltage DC power supply
was connected to the central electrode.

While moving downwards, under the influence of
this electric field the input particles are charged, due
to their electrical mobility, they are separated from the
airflow and are deflected to the central bar. Particles
that had electrical mobility in a certain range, were
directed to the particle counter via the sampling tube
and their numerical concentration was determined.
Excess airflow was also sent out of the DMA via the
embedded outlet in the far end of the cylinder’s lower
wall. Obtained from the SOLIDWORKS software
figure (1) shows the components and assembly design
of the DMA.

At an airflow rate of 6.3 cm/s and by applying
different voltages in the range of 1-10 kV, and at
intervals of 0.5 kV, the efficiency of the DMA system
was tested, to determine the size distribution of the
input particles. The results of the experiments showed
that, at a specific voltage, output particles from the
DMA system, had a maximum amount in a very small
domain, and was greater than the other particles. In
other words, at a given voltage, this system acts as a
filter for other particles and it won't let them pass, while
allowing a certain range of particles exit. Thus, each
domain of particle size, in any given voltage, will exit
with maximum efficiency from the DMA system. For
particles with a size of 260-300 nm at a voltage of 3 kV,
the maximum system efficiency is 91%. The maximum
efficiency of the output particles is reached at a higher
voltage as the particles size is increased. This means
that, particles larger than 2 microns are released at a
voltage of 9.5 kV, with a maximum efficiency of 82.4%.
The highest efficiency of the proposed DMA device is
92.4%, which was for the separation of 300-350 nm
particles at a voltage of 3.5 kV. The lowest efficiency
found, was 71.9% for particles of 500-600 nm at a
voltage of 5 kV. Hence, in lower voltages, smaller
particles, and at higher voltages, larger particles
accounted for a greater portion of the output particle
size distribution. At 7.5 Kv, the output particles were
mostly sub-micron in size and at voltages higher than
7.5 Ky, particles were larger than a micron. According
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to efficiency results, the proposed DMA system has a
higher efficiency for sub-micron particles.

DISCUSSION

Given the nature of the DMA system, the
voltage at which the largest number of particles
become visible at the output is important, since this
indicates that, the input polydisperse particles have
been transformed to monodisperse particles at the
output. On the other hand, the input particles sizes
were in a wide range from 260 nm to more than
2 um, even so most of the output particles were
in a narrow range of particle sizes at any voltage.
This means that, the DMA system successfully
transforms polydisperse particles toward a
monodisperse one in the majority of voltages. The
same process was done at lower voltages, for smaller
particles (nanometer particles) and at higher
voltages, for larger particles (micron particles).
This is because, in weaker electric fields, smaller
particles reach their maximum charge capacity
faster and obtain the necessary electrical mobility
to exit the sampling gap, whereas larger particles,
require stronger electric fields. Larger particles
also have more mass and inertia, therefor stronger
electric fields are needed, so they can be deflected
from their course to the central electrode (6). This
issue has also been reported in other studies such
as Zhang et al. (1995) which showed that smaller
particles at lower voltages, and larger particles at
higher voltages, reached their highest number at the
output (7). In a study conducted by Myojo et al. in
which they determined the particle size distribution,

using a DMA device. It was concluded that particles
with a size of 0.940, 1.008, 1.034, 1.099, 1.100
and 1.274 microns reached their highest number
at the output of DMA device, at voltages of 5700,
6600, 7000, 8000, 7100 and 8400 volts respectively
(8). These results are compatible with the present
study’s results.

CONCLUSION

The present study describes a DMA system that
can be used for the classification and determination of
particle size distribution. For identifying the behavior
of particles, the governing principles and the selection
of appropriate collection mechanisms, determining
the size distribution and numerical concentration of
aerosol particles is important.

The study results shows that, it is possible to
construct and develop such a system, by using existing
equipment and facilities and applying the theoretical
principles of DMA systems, as well as other devices
that operate based on particle electrical mobility in an
electrical field. The results also shows that, this DMA
has a high efficiency in determining the distribution
of particle sizes in the range of 260 nm to 2 microns.
While the device can also act as a calibration tool and a
monodisperse particle generator that functions from a
polydisperse sample, this DMA device has a relatively
simple structure for determining and classifying
particle size distribution.
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