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Abstract. A simple needle-plate charger with a gap of 16 mm for unipolar charging of silver
nanoparticles in an air stream has been developed and manufactured. The charging efficiency
and particle electrostatic losses of the designed charger were evaluated at various applied volt-
ages and aerosol flow rates. With an increase in the applied voltage (corona discharge current)
and the aerosol flow rate at a constant applied voltage, a decrease in the charging efficiency and
an increase in the total losses of aerosol particles are observed. A charging efficiency of 43%
with 38% electrostatic loss was achieved at a voltage of 8.1 kV (5.5 pA) and a flow of 10 L/min.
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Pa3pa6oTKa M MccneaoBaHMe PeXXMMOB pa6oTbl 3apAAHOro yCTpoMUCTBa
TMNA «Urna-naacTMHa» AJia 3apsaakM HaHOYaCTHUL,
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Annoranus. Pa3pa®oTraHo M HM3TOTOBJIICHO IIPOCTOE 3apsiIHOE YCTPOMCTBO THMIIA “UIJja-
IJIACTUHA” ¢ 3a30pOM 16 MM IS VHUIIOJSIPHOM 3apsiiKi HAaHOYACTULL cepedpa B BO3AYLIHOM
notoke. DGPEKTUBHOCTL 3apsIIKM M 3JEKTPOCTATUUYECKUE MOTEPU YacTUIl pa3paboOTaHHOTO
3apsIIHOTO YCTPOIMCTBA OLICHUBAINCH IIPY PA3IUYHbBIX ITPUI0XEHHBIX HAIIPSKEHUSIX KOPOHHOTO
paspsiia 1 pacxojiax a’po3ojisg. B pe3ynbraTe omqHOBpEMEHHOTO YMEHBIIIEHUs pacxoia Bo3ayxa
W CHUXKEHMST TOKa KOPOHHOTO paspsiia yCTPONCTBO TOKAa3bIBACT JIYUIINI PE3yIbTaT BHIXOTHOM
3G HEKTUBHOCTH 3apsIIKM, YeM IIPU BBICOKMX 3HAYCHUAX ATHX IMapaMeTpoB. D(PPEeKTUBHOCTH
3apsiaku 43% c aaekTpocTaTMdyecKUMM motepsiMu 38% Obula JOCTUTHYTA MPU HAMPSKEHUU
8,1 kB (5,5 MKA) u motoke 10 jg/MUH.

KmoueBbie cioBa: 3(p(PEeKTUBHOCTD 3apsiAKU, a3pPO30JibHbIe HAHOYACTUILIBI, YHUITOJSIpHAs
3apsiaKa, KOPOHHBIN 3apsi
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Introduction

The process of charging nanoparticles is of great importance in the fields of science and
technology related to aerosols. The need to charge nanoparticles is seen, for example, in differential
mobility analysis of submicron aerosol particles to measure distribution [1, 2]; deposition of
nanoparticles at selected locations to form nanostructures [3]; reduction of coagulation to obtain
higher concentrations of nanoparticles [4]. In this work, diffusion charging of nanoparticles by
a unipolar ion cloud of a DC corona discharge using a "needle-plate” device is studied as the
only suitable charging mechanism, as a result of which ions diffuse to the particle surface and
charge transfer. Studies of such a device have already been performed for a monodisperse aerosol
[5], while the external charging efficiency reached 45-50% for particles of 10 nm, which is a
decent result for such a particle size. In our work, the device has a simpler design, sufficiently
high efficiency 43% even for a polydisperse aerosol as a whole, and is also more resistant to
contamination and has greater performance due to its larger size.

Materials and Methods

Using a multi-spark discharge generator (m-SDG), silver nanoparticles with a size distribution
in the range from 16 to 500 nm were synthesized and transported in an air stream to a needle-
plate charger (NPC), in which the distance between the electrodes was 16 mm. The charger itself
is a PVC pipe with an internal diameter of 28 mm. In the side wall of the pipe, perpendicular to
its main axis, a stainless steel needle with a tip curvature radius of 42 um is inserted. A square
stainless steel plate with a side of 18 mm is attached to the opposite part inside the pipe. When
a voltage of 8.1—16.0 kV is applied to the needle and the plate is grounded, a corona discharge
occurs between them, which serves as a source of ions. The charged aerosol was passed through
an electrostatic precipitator (ESP), at the outlet of which the concentration of particles was
measured using aerosol NP analyzer SMPS 3936. To determine the internal v, and external n_,
particle charging efficiencies, electrostatic losses L, and the proportion of uncharged particles 4,
particle concentrations were measured when the NPC and ESP were turned on and off [5]
after which the data were substituted into equations (1—4). A schematic representation of the
experimental setup is shown in Figure 1.

m-SDG - Aerosol NP analyzer SMPS 3936

EHe'

- —200oo =m0 0 &
Compressor = Lesp

Fig. 1. The scheme of the experiment, which includes a multi-spark discharge generator (m-SDG),
charger (NPC), an electrostatic precipitator (ESP) and an aerosol analyzer NP SMPS 3936
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nextr = n2 _n3 (1)
nl

T]intr = nl — n3 (2)
n

=07 (3)
n,

=15 (4)
n,

where n, is concentration of particles at the outlet of the charger when the charger and electrostatic
precipitator are OFF; n, is concentration of particles at the outlet of the charger when the charger
is ON and the electrostatic precipitator is OFF; n, is concentration of particles at the outlet of the
charger when the charger and electrostatic precipitator are ON.

Thus, n, shows the ratio of charged particles in the charger (including those electrostatically
depos1ted in it) to the number of particles in the switched off charger. Further, n , shows the
ratio of charged particles at the output of the charger to the number of particles in ‘the switched
off charger. Electrostatic losses L, characterize the proportion of charged particles electrostatically
deposited in the charger. Ultimately, it is necessary to achieve the highest value of n_, and for
this it is necessary that the difference between n, _and L, be the largest. However, as the charging
efficiency increases, the losses also increase, so it is necessary to find the optimal parameters of
the charger.

Increasing the voltage U from 1.6 kV to 2.1 kV on a high-voltage power supply leads to an
increase in the corona discharge current / from 10 pA to 225 pA, as well as to an increase in
the ion concentration in the charging region (5), which positively affects the internal efficiency
particle charging. On the other hand, this also brings an undesirable increase in the electrostatic
losses of charged particles, since they are in a stronger electric field, move towards the plate with

greater acceleration and settle on it.
1

-t 5
" Z-E-Ae ©)

where N, is the concentration of ions in the region of the corona discharge; Z is electrical mobility
of ions; E is electric field strength; A4 is effective anode surface area; e is elementary electric
charge.

Results and Discussion

The study showed the dependence of fractions of uncharged and charged aerosol particles and
losses of particles of the initial concentration at different air flow Q . (Fig. 2, b). It has been found
that increasing the air flow Q . from I Ipm to 20 Ipm leads to a decrease in electrostatic losses
L, but also increases the proportion of uncharged particles 4. In the measured range, it can be
noted that air flow Q= I Ipm provides the minimum ratio of uncharged particles to charged
particles at the output of the device, while Q= 20 Ipm allows achieving the highest charging
output efficiency n, . An increase in the voltage U in the NPC from 8.1 kV to 16 kV leads to
an increase in the corona discharge current / from 5.5 pA to 59 pA and the concentration of N,
ions in the charging area, which reduces the external efficiency of n,_ charging particles from 43
to 6% due to an increase in the electrostatic losses of charged particles in the increasing electric
field on the NPC plate. Chart of the fractions of uncharged and charged particles at the exit
from the ESP and the losses of particles at different corona discharge currents in the NPC are
shown in Fig. 2, ¢, d. At air flow Q= 10 Ipm and a corona discharge current / = 5.5 pA, the
output charging efficiency n, = 43% and the fraction of uncharged particles # = 19%, while
at Q=20 lpmand /= 5. 5 HA we obtain n, = 37% and h = 24%. As a result of analyzmg the
data from Fig. 2, ¢ and Fig. 2, d, reducing the airflow while reducing the corona current shows a
better result than with high values of these parameters.
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Influence of gas flow on values v, , L, and n_,
U’ kv 1’ mkA Qair’ lpm T]int LE nextr h
1 99.97% 92% 8% 0.03%
9.3 10 5 99.7% 78% 22% 0.3%
' 10 97.0 % 66% 31% 3%
20 75.7% 39% 37% 24%
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Table 1
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Fig. 2. Illustration of the particle charging and deposition processes occurring within the aerosol
charger (a). Chart of the fractions of uncharged (gray) and charged (blue) aerosol particles and losses
(red) of particles of the initial concentration at different air flow Q . (b) and corona discharge current

Iwith Q=10 Ipm (¢) and Q= 20 ipm (d)
Effect of corona discharge voltage on values n, , L, and n_,

U, kV I, mkA 0, Ipm N L, Newr h
16 59 99.4% 93% 6% 0.6%
12 22 10 98.8% 85% 14% 1.2%
9.3 11 97.0 % 66% 31% 3%
8.1 5.5 80.7% 38% 43% 19%
13.7 33 81.6% 69% 12% 19%
12 22 20 77.5% 62% 15% 23%
9.3 11 75.7% 39% 37% 24%
8.1 5.5 61.4% 39% 22% 39%

Table 2
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Conclusion

Using the example of a developed and manufactured needle-plate charger, the high efficiency
of charging particles with sizes ranging from 16 to 500 nm with a small fraction of uncharged
particles at the output is demonstrated. It was found that an increase in air flow increases the
proportion of uncharged particles, but at the same time reduces losses. Increasing the corona
discharge current has the opposite effect. By simultaneously reducing the airflow and reducing
the corona discharge current, the device shows a better result of the charging output efficiency
than with high values of these parameters. Parameters have been obtained that provide the highest
output charging efficiency n, = 43%
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