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Abstracts 

Session 1: Electrostatics 

(Invited talk) Bill Bright memorial lecture - Electrospinning: principles, practice and possibilities 

G Mitchell 

Polytechnic Institute of Leiria, Portugal 

Electrospinning has had a long development from two centuries ago until now where it has received a new 
lease of life because of immense interest in manufacturing nanoscale materials and in the applications that 
follow directly (1).  

Electrospinning is a method to produce fibres which may vary from nanometre scale to the micrometre scale. 
The technique uses an electric force to draw charged threads of polymer solutions or molten polymers melts. 
It can be seen in the same family of techniques such as electro-spraying and conventional solution dry 
spinning of fibres.  More recently alternatives for nanoscale fibres have been developed using different forces 
as in force spinning and gas assisted spinning. Electrospinning is a deceptively simple technique and many 
laboratories around the world has produced instrumentation to produce such fibre at relatively low cost. Now 
there are considerable commercial interests in the instrumentation. The simplicity and the intense interest 
has produced tens of thousands of scientific papers and it is reasonable to ask the question what have we 
learnt. 

There are some obvious direct applications of such fibres for filtration whether of viruses or water or air and in 
the production of synthetic skin and other related applications. Part of the success of electrospinning comes 
from the ease of electrospinning almost any polymer of sufficient molecular weight. There are many 
parameters to optimise but there is much practice to direct users. Electrospinning still lacks a solid 
microscopic model which can be used to predict the fibres which will be produced and their properties. 

An exciting relatively recent development has been that of melt electrospinning which offers the advantage 
that much of the chaotic trajectories of the melt electrospun fibre trajectories are suppressed and it has 
become more akin to 3d printing than electrospinning. As such, it can be seen as part of the direct digital 
manufacturing family but at the nanometre scale which has provide difficult with other technologies.  

Most recently we have been able to conduct electrospinning on a synchrotron beam line and we report on 
the information which has been gained. In this lecture we will review the opportunities which exist for both 
research and for technology especially in the field direct digital manufacturing and identify the applications 
which are most likely to move forward.  
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The importance of the electro-dynamic field in the pilot production of homogeneous nanofibrous layers for 
potential use in wound healing and cosmetics 

M Pokorny, M Fogl, J Klemes, K Knotkova, and V Velebny 

Contipro a.s., Czech Republic 

In the few last years in our company, the production of nanofibrous layers containing the main component of 
hyaluronic acid was scaled-up from the research phase. Based on our experience with the development of 
technology of the laboratory apparatus with the commercial name 4SPIN LAB, a larger pilot plant was 
developed. A new device was designed to produce nanofibrous layers on an application-acceptable 
substrate material of at least 50 cm wide. The uniformity of the nanofibrous layer in a weight tolerance of 
maximum ±10 % in the production of layers with an areal weight up to 20 g/m2 was also requested. During 
the development of the equipment, it has been shown that the continuous roll-to-roll production in electro-
static deposition does not achieve the required quality of the layers, therefore the deposition method has 
been extensively modified. 

 

Fig. 1: Illustration of the spinning process in the electrically dynamic field. Processed layers and their 
morphology are shown. 

 

The device uses two parallel needleless electrodes and a rotating collector in the form of an endless belt with 
a voltage difference of up to 120 kV (see Figure 1). To achieve the desired thickness homogeneity, two 
parameters were shown to be highly critical. The first of these parameters is the surface velocity of the 
substrate material, which was increased from the original 2 cm/min up to a hundred-fold. For this reason, 
the roll-to-roll system was replaced by an endless belt. Secondly, the movable mechanism near the nozzles 
destabilizing the position of the Taylor cones led to the overall elimination of the resulting patterns and 
stripes in the thickness of the layer. Thus, the modified deposition process can be characterized as highly 
electrodynamic, and not clearly electrostatic as is known from the standard electrospinning method 
arrangement. 

The produced nanofibrous hyaluronic acid-based layers are prepared within 130 minutes with a surface area 
of (110 x 55) cm2. The thickness of the nanofibrous layer weighing 18 g/m2 is uniform in the above-
mentioned tolerance to more than 95 % of the usable area. The validation of the manufacturing process was 
verified by two independent measuring methods, i.e. by weighing and analyzing the images produced by 
passing light. The layers prepared after further processing, e.g. cutting, then separation from the substrate 
material, packing, meet high-quality requirements and then can be distributed and used in applications in 
dermatology and cosmetics. 

 

 

1 
 



 
 

Session 2: Nature and Biology 

Bumblebee hair motion in electric fields 

K L Koh, C Montgomery, D Clarke, EL Morley and D Robert 

University of Bristol, UK 

Bees have been observed to detect and learn the presence of weak electric fields in various behavioural 
experiments in the lab. The electro-sensitivity of bumblebees has also been suggested to be important for 
pollination. However, the structure and function of electro-sensory organs are yet to be described. Bees, like 
other arthropods, are known to have evolved various mechanoreceptors. Antennae and hairs have 
mechanosensory functions and have been shown to respond to weak electric fields. Current proposals posit 
that hairs and antennae can act as electromechanical sensors. To investigate this hypothesis, the 
mechanical response of bumblebee hairs stimulated by an electric field was measured using microscanning 
laser Doppler vibrometry. Hair vibration velocity is shown to be proportional to charge triboelectrically 
deposited on the bee and the effect of polarisation charge is seen to be negligible. Hair motion due to 
acoustic stimuli is also measured and compared to hair electromechanical response. Preliminary results 
show that the electro-sensitivity of charged bee hairs is comparable to hair sensitivity to acoustic stimuli. 

[1]  Clarke D, Whitney H, Sutton G and Robert D 2013 Detection and Learning of Floral Electric Fields by 
Bumblebees Science 340 6128 pp 66-9 

[2]  Greggers U, Koch G, Schmidt V, D�urr A, Floriou-Servou A, Piepenbrock D, G�opfert M and Menzel R 
2013 Reception and learning of electric fields in bees Proc R Soc B 280 1759 

[3] Clarke D, Morley E, Robert D 2017 The bee, the flower, and the electric field: electric ecology and 
aerial electroreception J Comp Physiol A 203 9 pp 737-48 

[4]  Eskov EK 2013 Generation, perception, and use of acoustic and electric fields in honeybee 
communication Biophysics 58 6 pp 827-36 

[5]  Nadrowski B, E_ertz T, Senthilan P, Göpfert M 2011 Antennal hearing in insects New findings, new 
questions Hearing Research 273 12 pp 7-13 

[6]  Casas J and Dangles O 2010 Physical Ecology of Fluid Flow Sensing in Arthropods Annual Review of 
Entomology 55 1 pp 505-20 

[7]  Sutton GP, Clarke D, Morley EL and Robert D 2016 Mechanosensory hairs in bumblebees (Bombus 
terrestris) detect weak electric fields PNAS 113 26 pp 7261-5 

[8]  Morley EL and Robert D 2018 Electric Fields Elicit Ballooning in Spiders Current Biology 28 14 pp 
2324-30 

[9]  Morley EL, Jonsson T and Robert D 2018 Auditory sensitivity, spatial dynamics, and amplitude of 
courtship song in Drosophila melanogaster J Acous Soc Am 144 2 pp 734-9 

[10]  Tautz J 1979 Reception of particle oscillation in a medium - an unorthodox sensory capacity 
Naturwissenschaften 66 9 pp 452-61 
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Measurements of electric charges on foraging bumblebees (bombus terrestris) 

C Montgomery, K Koh, and D Robert 

University of Bristol, UK 

Bumblebees carry electric charge. Almost always positive, this charge facilitates pollen transfer between 
bumblebee and flower during pollination and is likely to play a role in the detection of electric fields. Models 
of the Coulomb forces acting on pollen grains during pollination are predominantly based upon laboratory 
measurements of bumblebee charge. Using a novel method, the charges on bumblebees are measured 
outdoors for the first time. Outdoor bumblebees are found to carry similar positive charges to those previously 
measured in the laboratory. Bee charge is affected by local weather conditions, with the most positive 
charges being found on bees flying in warm, dry conditions. Results show that bee charges used in previous 
models of pollen transfer are representative of wild foraging bumblebees, and that pollen transfer between 
bee and flower is likely to be affected by local weather conditions. 

Acknowledgements  

This work was funded by a BBSRC SWBio studentship grant to CM, a responsive mode grant from BBSRC, 
and the ERC to DR.  

[1]  Clarke D, Morley E and Robert D 2017 J. Comp. Physiol. A 203 737-48  
[2]  Gan-Mor S, Schwartz Y, Bechar A, Eisikowitch D and Manor G 1995 Can. Agr. Eng 37 189-94  
[3]  Colin M, Richard D and Chauzy S 1991 J. Bioelectricity 10 17-32  
[4]  Clarke D, Whitney H, Sutton G and Robert D 2013 Science 340 66-9  
[5]  McGonigle D F and Jackson C W 2002 Pest Manag. Sci. 58 374-80  
[6]  McGonigle D F, Jackson C W and Davidson J L 2002 J. Electrostat., 54 167-77  
[7]  Nomura T, Satoh T and Masuda H J P T 2003 Powder Technol 135 43-9  
[8]  Schella A, Herminghaus S and Schröter M 2017 Soft Matter 13 394-401 

Session 3: Triboelectrification  

Experimental study of the triboelectric charging of a glass bead impacting against a polymer plate 

U Lesprit1,2*, T Paillat1, N Zouzou1, A Paquier2, and M Yonger2  
1Institut Pprime, France, 2Saint-Gobain Research Paris, France  

Triboelectric charging of a glass bead impacting against different polymer targets is investigated under a 
carefully controlled environment. The charging properties of a particle during a single impact have been 
studied before in different articles. Despite these contributions, there remains incomprehension about the 
very mechanisms at the origin of charge transfer, and predictions regarding the tribocharging of a dielectric 
particle against another material are still rather unreliable. Glass, found with various different chemical 
compositions, is a good example of a material that defies the expectations of triboelectric series. The many 
local parameters, sometimes interdependent, that can influence the impact charge explain the variability 
usually observed in tribocharging results. Their complex interaction makes triboelectric charging a particularly 
delicate phenomenon to investigate experimentally.  

We report in this article the development of a setup generating a single impact between a glass bead and a 
dielectric target with compressed air. The charge carried by the bead is measured both before and after 
impact in order to determine entirely the impact charge. Additionally, a measurement is performed on the 
target for verification purposes. Relevant parameters are thoroughly monitored and fixed, in order to untangle 
their respective contributions to triboelectric charging. The experiment takes place in a humidity controlled 
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environment. The velocity of the bead and the impact angle can be adjusted. A fast camera records the 
movement of the bead during the impact in order to study the mechanical interaction at the interface. The 
geometrical and chemical properties of the surfaces of the bead and the target are also carefully prepared 
and examined in order to characterize the contact conditions as precisely as possible. The first results 
obtained on the setup during parametric studies are presented and discussed in details.  

 

 
Fig. 1: Typical current measurements obtained during an experiment. a) Initial charge measured with a 
capacitive method directly on the bead. b) Final charge on the bead and charge on the target measured with 
a conduction method. 

Contact electrification of adhesion films on flat panel displays 

T Viheriäkoski1, J Hillberg2, J Smallwood3, and P Holdstock4 
1Cascade Metrology, Finland, 2Croda /IonPhasE, Hepolamminkatu, Finland, 3Electrostatic Solutions Ltd, UK, 
4Holdstock Technical Services, UK 

Contact electrification of a protective adhesion film on a flat panel display may result in high charge 
accumulation on an electrically insulating surface affecting production yield and field failures. Tendency for 
triboelectric charging on planar surfaces was evaluated with the different film structures and different plane 
materials. Manual separation and constant speed separation techniques were adopted in the experiments. 
Triboelectrification had random effects that may be difficult to control without electrical conductivity. 
Electrostatic dissipative properties on the adhesion surface may increase charging of the insulating display. 
An inherently dissipative layer of the adhesion film significantly mitigated charge accumulation of the film 
itself. 

[1] Kim D S, Lim C B, Oh D S, Ho W J, Jeong J Y, Park B H, Kim T Y and Suh K S 2012 Minimizing 
electrostatic charge generation and ESD event in TFT-LCD production equipment, EOS/ESD 
Symposium Proceedings 

[2] Greason W D 1992 Electrostatic Discharge in Electronics (The University of Western Ontario) 
[3] Harper WR 1967 Contact and Frictional Electrification Oxford University Press 
[4] Davies DK 1969 Charge generation on dielectric surfaces, J Phys D: Appl Phys 2 
[5] IEC 61340-5-3:2015 Properties and requirements classification for packaging intended for 

electrostatic discharge sensitive devices 
[6] Viheriäkoski T, Ristikangas P, Hillberg J, Svanström H, Peltoniemi T 2012 Triboelectrification of static 

dissipative materials, EOS/ESD Symposium Proceedings 
[7] ASTM D257-14 Std. Test methods for DC Resistance or Conductance of Insulating Materials 
[8] EN 1149-3:2004 Test methods for measurement of charge decay 
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[9] Viheriäkoski T, Kärjä E, Hillberg J, Tamminen P 2016, Charge relaxation of slowly dissipative 
polymers, EOS/ESD Symposium Proceedings 

Triboelectric charging of polyethylene powders: experimental and modelling study of bipolar charging 

S Jantač,  LKonopka, and J Kosek 

University of Chemistry and Technology, Czech Republic 

The manufacturing and handling of polyethylene (PE) powders is associated with undesired charging, 
resulting in agglomeration of charged particles and wall sheeting that can eventually lead to the plugging of 
reactors/conveyors. In the processing and transport of insulator powders (for example, polymers, drugs, 
pigments or flour) collisions occur both among powder particles and between particles and a device wall. 
During such collisions, charge carriers are redistributed asymmetrically among the particles, which results in 
charging. Many theories have been proposed aiming to describe the triboelectric charging. However, these 
are mostly specialized on one type of charging and are rarely useful for the quantitative prediction of 
charging. Because the mechanics of electrostatic charging is still not fully understood, our predictions of 
which and how parameters affect the charging are limited, which underlines the importance of experimental 
research in this area. 

Thus, we measured the particle-particle and particle-wall charging of PE particles and a metal wall 
simultaneously to provide results relevant to industrial processes. The crucial part of our equipment is a free 
fall electrostatic separator, which separates the pre-charged sample particles according to the charge 
density and afterwards we directly measure the charge of separated particles in the Faraday pail connected 
to an electrometer. In our work, we focused mostly on the effect of following parameters on charging Volume 
fraction and particle size distribution significantly affects the charging behaviour. Similar results were 
predicted also by our Discrete Element Method model that incorporates the balance of transferable charged 
species participating in the charging mechanism. Moreover, the effect of temperature and impact velocity on 
charging was studied. The results indicate that the effect of these parameters on the saturation charge of PE 
particles is associated with the properties of the particles; namely Young modulus significantly affects the 
saturation charge at elevated temperatures. The saturation charge of PE particles decreases with increasing 
air humidity. Moreover, experiments with controlled rapid change of humidity showed a rapid change in the 
saturation charge, but only in the case when charged PE particles collided with other particles or metal wall. 
The repeated experiment showed no hysteresis, excluding the role of adsorption dynamics in the charging. 
Such observations suggest that the common interpretation of humidity-dependent charging, namely the 
effect of adsorbed water leading to the reduced surface resistivity, or the charge decay in humid air, are not 
sufficient to explain the humidity-dependent charging of PE particles. 

[1] Konopka, L. and J. Kosek, Discrete element modeling of electrostatic charging of polyethylene 
powder particles. Journal of Electrostatics, 2017, 87, p. 150-157. 

[2] Jantač, S., Konopka, L. and Kosek J.  Experimental study of triboelectric charging of polyethylene 
powders: effect of humidity, impact velocity and temperature. Advanced Powder Technology (in 
print). 
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Dielectric barrier discharge surface treatment of granular materials for improved triboelectric charging 

A Benabderrahmane1,2, T Zeghloul1, K Medles1,2, A Tilmatine2, P Renoux1, and L Dascalescu1 
1Pprime Institute, France, 2APELEC laboratory, Algeria 

Dielectric barrier discharge (DBD) is a promising technology for surface modification of materials. The aim of 
the present study is to evaluate the effect of three major operating parameters of the DBD reactor on the 
triboelectric charging of plasma-exposed granular insulating materials. The factors considered in this study 
were: the distance between the two electrodes of the plasma reactor, the thickness of the dielectric and its 
position. The plasma treated Polyethylene (PE) particles were then tribocharged in a vibrating device; the 
acquired charge was measured using a Faraday pail connected to an electrometer. Results show that both 
the distance between the electrodes and the thickness of the dielectric barrier have a considerable effect on 
the tribocharge acquired after DBD treatment. Conversely, for fixed gap spacing, the dielectric barrier 
configuration does not have a significant effect on charge enhancement. 

Session 4: Dielectrophoreses, particle control and transport   

(Invited) Finding the secrets of life by looking down a well 

M Hughes 

University of Surrey, UK   

Dielectrophoresis was first demonstrated to be effective for cell separation and characterisation over half a 
century ago, but has only recently become sufficiently adapted to commercial exploitation.  The DEP-Well 
approach pioneered at the University of Surrey has led to the development of two new tools, the 3DEP cell 
analyser and the Deparator cell separation platform.  We have developed 3D, well-based DEP structures that 
can be manufactured at low cost, but which allow significantly higher throughput – for example, allowing the 
capture of a 20-point, 20,000-cell DEP spectrum in 10 seconds. Furthermore, we have found that unlike 
other systems where internal inter-electrode losses limit the maximum conductivity that can be used, we 
have shown good results in media of 0.8S/m and some preliminary results indicating that measurements 
can be taken in 1.5S/m (physiological strength) media.  We are able to take measurements to 50MHz, 
enabling us to see the whole of the DEP spectrum including the high-frequency plateau.  The speed of 
measurement allows 100-point spectra to be collected in five minutes, and high-resolution studies of time-
variant phenomena to be made.  Expanding our range of study has allowed us to explore a wide range of 
cells in relatively unusual conditions, which has yielded intriguing results that raise fundamental questions 
about what we interpret from interpret from DEP data. 

Electrostatic formation of liquid marbles – progress and prospects 

P M Ireland1, C A Thomas1, B T Lobel1, G B Webber1, S Fujii2,3, and E J Wanless1 

1University of Australia, 2 Department of Applied Chemistry, Faculty of Engineering, Japan, 3Nanomaterials 
Microdevices Research Center, Japan 

A statistical treatment is developed for the electrostatic transfer of particles from a powder bed to a pendent 
droplet during liquid marble and aggregate formation. The model uses Weibull statistics to calculate the 
probability of particle transfer events of a given size occurring, for the given electric field strength and 
geometry. This is used in Monte Carlo simulations of the transfer process. In this preliminary study, some of 
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the most distinctive features of the experiments – transfer event size and spacing, scaling with driving 
potential – are well-captured using physically plausible parameter values. Other features, such as denuding 
of the particle bed, are less well reproduced, and require refinement. 
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[1] Liyanaarachchi K R, Ireland P M, Webber G B and Galvin K P 2013 Electrostatic formation of liquid 
marbles and agglomerates Appl Phys Lett 103 054105 

[2] Ireland P M, Thomas C A, Lobel B T, Webber G B, Fujii S and Wanless E J 2018 An Electrostatic 
Method for Manufacturing Liquid Marbles and Particle-Stabilized Aggregates Front Chem 6 280 

[3] Aussillous P and Quéré D 2001 Liquid marbles Nature 411 924-7 
[4] McHale G and Newton M I 2011 Liquid marbles: principles and applications Soft Matter 7 5473-81 
[5] McHale G and Newton M I 2015 Liquid marbles: topical context within soft matter and recent 

progress Soft Matter  11 2530-46 
[6] Tian J F, Arbatan T, Li X and Shen W 2010 Liquid marble for gas sensing Chem Comm 46 4734-6 
[7] Arbatan T, Li L Z, Tian J F and Shen W 2012 Liquid Marbles as Micro-bioreactors for Rapid Blood 

Typing Adv Healthc Mater  1 80-3 
[8] Eshtiaghi N, Liu J J S and Hapgood K P 2010 Formation of hollow granules from liquid marbles: 

Small scale experiments Powder Technol  197 184-95 
[9] Ueno K, Hamasaki S, Wanless E J, Nakamura Y and Fujii S 2014 Microcapsules Fabricated from 

Liquid Marbles Stabilized with Latex Particles Langmuir  30 3051-9 
[10] Fujii S, Sawada S, Nakayama S, Kappl M, Ueno K, Shitajima K, Butt H J and Nakamura Y 2016 

Pressure-sensitive adhesive powder Mater Horiz 3 47-52 
[11] Paven M, Mayama H, Sekido T, Butt H J, Nakamura Y and Fujii S 2016 Light-Driven Delivery and 

Release of Materials Using Liquid Marbles Adv Funct Mater 2 6 3199-206 
[12] Kawashima H, Paven M, Mayama H, Butt H J, Nakamura Y and Fujii S 2017 Transfer of Materials 

from Water to Solid Surfaces Using Liquid Marbles ACS Appl Mater Inter  9 33351-9 
[13] Fujii S, Yusa S and Nakamura Y 2016 Stimuli-Responsive Liquid Marbles: Controlling Structure, 

Shape, Stability and Motion Adv Funct Mater  26 7206-23 
[14] Jarrett E, Ireland P M, Webber G B and Wanless E J 2016 Particle-liquid structures formed by electric 

fields Powder Technol  297 1-7 
[15] Jarrett E, Ireland P M, Webber G B and Wanless E J 2016 Electrostatic aggregation of mineral 

particles around a water droplet Proceedings of CHEMECA 2016, Sept 25- 28 2016, Adelaide, SA  
[16] Thomas C A, Kido K, Kawashima H, Fujii S, Ireland P M, Webber G B and Wanless E J 2018 

Electrostatic formation of polymer particle stabilised liquid marbles and metastable droplets - Effect 
of latex shell conductivity J Colloid Interf Sci  529 486-495 

[17] Ireland P M, Webber G B, Jarrett E D and Galvin K P 2015 Interaction of a particle bed with a droplet 
under an applied electric field J Phys Conf Ser  646 012027 

[18] Cook R F and DelRio F W 2018 Material Flaw Populations and Component Strength Distributions in 
the Context of the Weibull Function Exp Mech https://doi.org/10.1007/s11340-018-0423-2 

[19] Weibull G W 1951 A Statistical Distribution Function of Wide Applicability J Appl Mech  18 293-297 
[20] Box G E P, Hunter J S and Hunter W G 2005 Statistics for Experimenters (Hoboken, New Jersey: 

Wiley-Interscience) 
[21] Morrison C A 1989 The Potential and Electric Fields of a Conducting Sphere in the Presence of a 

Charged Conducting Plane.  (Adelphi, MD: Harry Diamond Laboratories) 
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Analysis of the behavior of charged particles in electrical relay devices 

M Iida1, K Koshimura2, M Kaneko2, and M Saeki1 
1Shibaura Institute of Technology, Japan, 2Fujitsu Component Limited, Japan  

This paper presents the results of analytical and experimental studies on the motion of a charged foreign 
object in an electrical relay. In the numerical approach, the motion of the lower and upper electrodes was 
solved by the finite element method. The colliding force between the foreign object and the electrodes was 
calculated by Hertzian contact theory. The electric field strength in the electrical relay was solved by the finite 
difference method. In the experimental approach, a spherical particle with a radius of 0.097mm made of 
polystyrene divinylbenzene was used as the foreign object. The validity of the analytical method was 
examined by comparing its results with the experimental results. It was shown that the motion of the particle 
is considerably affected by the electrostatic force. 

[1]  Fransisco H A and Rose P 1998 Proc. Relay. Conf. pp 1.1-1.10 
[2]  Jun X, Junjia H and Chunyan Z 2009 Chinese Journal of Aeronautics Vol. 22, pp 262-267 
[3]  Wada S, Koshida K, Sonoda T, Norovlin S, Kikuchi M, Kubota H and Sawa K 2010 IEICE 

Technical Report Vol. 109 No. 173 pp 169-174 
[4]  Tatsuno Y, Otani O and Fukuhara T 2012 IEICE Technical Report Vol. 111 No. 439 pp 1-6 
[5]  Shimizu A and Saitoh Y 2018 IEICE Technical Report Vol. 117 No. 437 pp 1-6 

Nanoparticle deposition during electrospraying: discrete element model 

A Zítková, M Kroupa, J and Kosek 

University of Chemistry and Technology Prague, Czech Republic  

Nanostructured materials became an integral part of the customer market and so did the products based on 
nanoparticle layers (e.g. electrodes in supercapacitors, superhydrophobic coating). For the production of 
nanostructured layers, electrospraying is a suitable method offering several advantages compared to other 
techniques. It has easy mode of operation and construction and allows deposition of wide range of 
materials. On the other hand, properties of the deposited layer (e.g. electric or heat conductivity, 
hydrophobicity) depend not only on the deposited material but also on the morphology of the produced 
layer, which is determined by the spraying conditions and difficult to control. To solve this drawback, we 
decided to study the process of nanoparticle deposition. Our goal is to clarify the influence of various effects 
taking place during the final stage of the particle motion on the morphology of the layer. A convenient way 
how to do that is mathematical modelling.  

Presented first-principle model is based on the Discrete Element Method (DEM). In this approach, particle 
trajectory is computed as a consequence of the forces affecting the particle. An integral part of the model is 
evaluation of the electrostatic force which is a driving force of the particle motion. The resulting electric force 
affecting each charged particle depends on many effects: the electric field between the nozzle and the 
substrate, differently charged particles, the permittivity of the particles and the surrounding environment, etc. 
Therefore, the force has to be computed numerically.  

We use the Finite Volume Method (FVM) to discretize the Poisson’s equation and the electric force is 
evaluated from the resulting field of electric potential. The interparticle forces include non-contact van der 
Waals and contact elastic adhesive forces, while the drag force acts on a particle surrounded by a fluid (air). 
Morphology of the layers predicted by the developed model is qualitatively comparable to the experimentally 
obtained layers.  

8 
 



 
 
 

The results bring more insight into the complicated process of the nanoparticle deposition and allow us to 
compare the importance of various effects occurring in the system. For instance – apart from the phenomena 
affecting the particle motion – the model results clearly demonstrate the influence of the after-deposition 
processes on the final morphology of the layer. For this reason, the model has been extended by the particle 
discharging. The new results prove the importance of this extension and show that the morphology of the 
layer is altered when particles are discharging slowly.  

 

Fig. 1: Comparison of the morphologies obtained from the model and experiment. 

 

Session 5: Lightning protection and hazards 

Case study to determinate the angle-dependence during the risk determination in lightning protection 

Z Tóth, I Kiss, and B Németh  

Budapest University of Technology and Economics, Hungary 

To know the formation of the atmospheric discharge is one of the main starting point to create an accurate 
calculation model. In this paper a study will be discussed what kind of modifications are necessary improve 
PMAS [1, 2] calculation by taking into consideration the geometrical position of downward leader, especially 
the direction of the last step between the striking point and the point of strike.  

The PMAS is a widely used method to calculate the probability of lightning strike for an object. Based on this 
calculation it is possible to get the expected number of strikes for a given object in a certain time-period. In 
the standard method, EGM (Electro-Geometry Method) the correlation between the current and the striking 
distance are proportional. In the paper [3], for the current distance-dependence was made a weighted 
solution, but it has no angle-dependence, also. This one was calculated by the help of different EGM.  

The connection between the striking distance, lightning current and striking distance is not examined in the 
case of direction. In the work, the main question is this dependence, and the main goal is to define the 
context.  

[1]  T. Horváth: Computation of lightning protection, John Wiley, 1990.  
[2]  T. Horváth: Interception efficiency of lightning air termination systems constructed with rolling sphere 

method, 28th International Conference on Lightning Protection, ICLP 2006, Kanazawa, Japan, 18-22 
September 2006, pp. 555‒560.  

[3]  J. Plesch, T. Hoehn, S. Pack: Modelling and analysis of different representations for high voltage 
tower structures. 32nd International Conference on Lightning Protection, ICLP 2014, Shanghai, 
China, 13-16 October 2014, pp. 123-127. 978-1-4799-3544-4/14/$31.00 ©2014 IEEE  
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[4]  I. Kiss, B. Németh, T. Horváth, I. Berta: Improved method for the evaluation of shielding effect of 
objects near medium voltage transmission lines. Proc. of the International Conference on Lightning 
Protection, ICLP 2014, Shanghai, China  

[5]  Z. Tóth, I. Kiss, B. Németh: Problmes of the simulation and modelling the lightning protection of high 
structures, Pollack Periodica, HU ISSN 1788–1994, 2019, In press  

[6]  S.F. Madsen, J. Holboll, M. Henriksen, K. Bertelsen, H.V. Erichsen: Discharge phenomena in the tip 
area of wind turbine blades and their dependency on material and enivoremental parameters, 
Procedeengs of the International Conference on Lightning Protection, Kanazawa, Japan, 18-22 
September 2006, pp. 1497-1502.  

[7]  Hannig M., Hinrichsen V., Hannig R. An analytical consideration on the striking probability and the 
total amount of strikes to simple structures according to standardized regulations, International 
Conference on Lightning Protection, ICLP 2014, Shanghai, China, 11-18 October 2014, pp. 1343‒
1350.  

A kinetic model for the electrostatic spark discharge in atmospheric pressure air 

A Ohsawa  

National Institute of Occupational Safety and Health, Japan 

This paper presents a 0-D kinetic model of electrostatic spark discharges consisting of the time-dependent 
Boltzmann equation of electrons, a discharge-circuit equation, and heavy particles' kinetic equations to 
investigate the energy-transfer mechanisms from the electrostatic energy given to the energy of gases by the 
spark discharge. In this report, the model is applied to the discharges in atmospheric-pressure air under 
optimum conditions corresponding for the minimum ignition energies of the typical ammable gases, 
hydrogen, ethylene and propane, in three types of explosion groups for gases. 

[1]  Ohsawa A 2011 Statistical analysis of _res and explosions attributed to static electricity over the last 
50 years in Japanese industry J. Phys.: Conf. Ser. 301 012033. 

[2]  Pidoll U von, Brzostek E, Froechtenigt H-R 2004 Determining the incendivity of electrostatic 
discharges without explosive gas mixtures IEEE Trans. Ind. Appl. 40 1467{1475. 

[3]  IEC 60079-32-2 2015 Explosive atmospheres - Part 32-2: Electrostatic hazards, Tests ed 1. 
[4]  LXcat http://nl.lxcat.net/home/ 
[5]  Pedersen A 1989 On the electrical breakdown of gaseous dielectrics - An engineering approach IEEE 

Trans. Electr. Insul. 24 721{739. 
[6]  Smythe W R 1968 Static and dynamic electricity (New York: McGraw-Hill). 
[7]  Capitelli M et al 2000 Plasma kinetics in atmospheric gases (Berlin: Springer). 
[8]  Marode E, Bastien F, Bakker M 1979 A model of the streamer-induced spark formation based on 

neutral dynamics J. Appl. Phys. 50 140{146. 
[9]  IEC 60079-0 2017 Explosive atmospheres - Part 0: Equipment - General requirements ed 7. 
[10]  Blair D T A 1978 Breakdown voltage characteristics in Electrical breakdown of gases ed J M Meek 

and J D Craggs (Chichester: John Wiley & Sons) chapter 6. 
[11]  Mamnan S ed 2005 Lee's loss prevention in the process industries vol 1 3rd ed (Oxford: Elsevier) 

chapter 16. 
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Session 6: Pharmaceutical 

(Invited) Role of electrostatic charge on pharmaceutical aerosols 

W Balachandran 

Brunel University London, UK 

Respiratory diseases such as asthma, COPD, etc. are treated by delivering medicament to the human lung in 
the form of aerosols generated by nebulizers, pressurised Metered Dose Inhalers (pMDIs) and Dry Powder 
Inhalers (DPIs). In the case of nebulizers, medical aerosols are generated using pressurised air to atomise 
the solutions or suspensions. Alternatively, ultrasonic energy is used to atomise the medicament. The 
mechanism associated with the process of disrupting the liquid film in either case, generates electrical 
charge. In the case of pMDIs, the medicament is contained in a pressurised metal can. When the device is 
actuated, the active ingredient suspended in hydrocarbon propellant with excipient, exits through an orifice in 
the valve stem. The mechanism that takes place is flash boiling and the liquid suspension passes through 
the orifice at very high velocities. Triboelectrification takes place at the orifice and the aerosol gets 
electrically charged. The level and polarity of aerosol charge will depend on the materials involved. In DPIs, 
the patient’s inhalation flow rate will direct the gas dynamics within the device based on the internal 
structure of the device. The aerodynamics within the device mechanism will generate very high velocities that 
will carry the powder medicament through the mouthpiece to the lung. The exiting aerosol would have 
acquired electrical charge due to triboelectrification. Here again the polarity and level of charge acquired will 
depend on all the material properties and the velocity of air carrying the powder particles. 
 
In this presentation, the significance of aerosol charge on lung airway deposition will be highlighted. A 
number of numerical models have been developed to study the aerosol deposition in human lung, which 
involve various mechanisms such as inertial impaction, gravity sedimentation, diffusion, interception and 
electrostatic forces (space charge and image charge). The model developed by the Brunel researchers will be 
presented, highlighting the importance of electrical forces. The drug aerosols generated by all these devices 
are known to exhibit bipolarity. The importance of bipolarity and the instruments available for detecting 
bipolar charge of aerosols will be critically reviewed. In addition, new generation of devices using pure 
electrical forces or hybrid systems to generate and control the desired level of charge for specific site 
deposition will also be reviewed. 

Modelling electrostatic cohesion of pharmaceutical powders 

J Baptiste, A Miller, I Derbenev, A Stace, and E Besley 

University of Nottingham, UK 

Respiratory diseases, such as chronic obstructive pulmonary disease (COPD) and asthma, continue to affect 
the health of hundreds of millions of people worldwide. Treatment of these diseases is generally performed 
via direct inhalation of the drug molecule, with newer devices using the aerosolisation of dry powders. 

The pharmaceutical powders used for aerosolisation techniques are generally composed of both carrier 
particles (usually lactose) and the active pharmaceutical ingredients (APIs), with both components being 
dielectric materials. The dielectric nature of these materials leads to the accumulation of bipolar electrostatic 
charges due to triboelectric charging via particle-particle and particle-wall collisions during the blending 
process.  

The bipolar charge within the powder may lead to an unwelcome aggregation of the powder particles while 
also having an effect on the homogeneity of the blend which could be positive (contributing to the formation 
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of an ordered mixture) or negative (poor mixing of the components). Following aerosolisation the charge may 
also have a positive effect, with the electrostatics improving the deposition of fine aerosol particles within the 
lungs. 

In this presentation it is shown how recently developed theory on electrostatic interactions between charged, 
dielectric materials can be used to identify patterns of behaviour taking place during the aeroionisation of 
dielectric powders.   

The electrostatic model used in this work was proposed by Lindgren et al. in 2018,1 and is a generalisation of 
the solution, proposed in 2010 by Bichoutskaia et al.,2 to the problem of accurately calculating the 
electrostatic interactions between charged spheres of dielectric materials. The model considers interactions 
between an arbitrary number of spheres of arbitrary size, charge, position and dielectric constant, embedded 
in a homogeneous dielectric medium. The solution accounts for the mutual polarisation of surface charge 
density on each sphere due to the presence of external charges.  

In this work, we employ molecular dynamics techniques3 that include a polarisable electrostatic force-field to 
run simulations which investigate the effects of bipolar charge on the interactions present in aerosolised 
pharmaceutical powders. A variety of systems have been studied, ranging from the simple case of predicting 
the outcome of a collision between two oppositely-charged bodies, to more complex problems such as 
investigating the charge scavenging of a bipolar cloud of particles by a larger charged particle.  

[1] E. B. Lindgren, A. J. Stace, E. Polack, Y. Maday, B. Stamm and E. Besley, J. Comput. Phys., 2018, 
371, 712–731. 

[2] E. Bichoutskaia, A. L. Boatwright, A. Khachatourian and A. J. Stace, J. Chem. Phys., 2010, 133, 1–
10. 

[3] E. B. Lindgren, B. Stamm, Y. Maday, E. Besley and A. J. Stace, Philos. Trans. R. Soc. A Math. Phys. 
Eng. Sci., 2018, 376, 20170143. 

Session 7: ESD and Hazards  

Hospital flooring - Why is that an issue today? 

D E Swenson1 and P Holdstock2 
1Affinity Static Control Consulting, UK, 2Holdstock Technical Services 

Control of electrostatics has been considered important in hospitals since the advent of anaesthesia 
chemicals for surgical procedures. Now that anaesthetics are for the most part not flammable, hospital 
designers in the United States are rarely considering electrostatics. Since flammable situations are much less 
likely in hospitals, the US organization, the National Fire Protection Association (NFPA), has removed any 
mention of electrostatic control from the Health Care Facility Standard, NFPA 99[1]. This document had 
always been important for consideration in hospital design, especially surgical suites. The elimination of a 
requirement for conductive flooring and appropriate footwear have brought about serious consequences 
regarding electrostatic charge generation and accumulation. Accumulated charge has led to discharge issues 
resulting in personal injury, electronic equipment damage and loss of significant amounts of data. Figure 1 is 
an example of recorded voltage on a metal cart in the hospital discussed in Incident three below.  
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Fig.1: Walking voltage recorded in surgical suite – while pushing cart 

 

[1]  NFPA 99 – Health Care Facilities, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101, 
www.nfpa.org  

[2]  IEC61340-6-1 – Electrostatic control in health care facilities – International Electrotechnical 
Commission,3, rue de Varembe’, Geneva, Switzerland, www.iec.ch 

Energy released by brush discharges from the fabric with conducting fibers 

A Pelesz, K Justyna, and K Ryszard 

Wroclaw University of Science and Technology, Poland 

Fabrics containing regularly spread conductive fibres introduced into their structure may storage an electric 
charge, which results in a characteristic surface potential distribution. The brush discharges (ESD) may occur 
when the grounded conductive object approaches to the charged fabric surface. A simplified, charged fabric-
grounded object model is proposed. A metal sphere as the conductive object and a synthetic fabric with 
conductive yarn (forming regular cells) are considered. The analytical model allows to connect the energy W, 
that can be released during the ESD, with geometry of the fabric-object system and with the density of the 
uniform surface charge qs0 deposited initially on fabric. The model has led to the power type relation 
between the energy W and the cell with a diameter a, W=K∙an, where K – const, n≈3. 

[1]  Britton, L G 1999 Avoiding static ignition hazards in chemical operations: a CCPS concept book  
(New York: Center for Chemical Process Safety of the American Institute of Chemical Engineers)  

[2]  Kaiser K L 2006 
[3]  Holdstock P 1997 J. Electrostat. 40-41 529-534 
[4]  Kathirgamanathan P, Toohey M J, Haase J, Holdstock P, Laperre J and Schmeer-Lioe G 2000  

J. Electrostat. 49 (1-2), 51-70 
[5]  Kacprzyk R and Urbaniak-Domagala W. 1997 J. Electrostat. 40 553-558  
[6]  Kacprzyk R, Król J and Pelesz A. 2018 Fibres Text. East. Eur 26 (4) 52-58 
[7]  Burm K T A L Contrib. Plasma. Phys. 47, No. 3, 177 – 182 
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Can ESD sensitive devices be damaged by electrostatic fields? 

J Smallwood 

Electrostatic Solutions LTD, UK 

In recent years the susceptibility of ElectroStatic Discharge Sensitive devices (ESDS) to electrostatic fields 
has been questioned. This paper proposes that very high impedance voltage sensitive ESDS such as 
MOSFETs or MOS capacitors can be damaged due external field changes without making contact with other 
conductors in the presence of the field. A simple electronic model is proposed. In a practical evaluation of 
this risk, discharges are demonstrated to occur due changing external fields, as a result of breakdown of a 
voltage sensitive structure in a high impedance circuit with one terminal continuously grounded. 

[1]  International Electrotechnical Comission. Electrostatics – Part 5-1: Protection of electronic 
devices from electrostatic phenomena - General requirements. IEC 61340-5-1: 2016 

[2]  International Electrotechnical Commission. (2015) Electrostatics. Protection of electronic 
devices from electrostatic phenomena. Properties and requirements classifications for 
packaging intended for electrostatic discharge sensitive devices. IEC 61340-5-3:2015 

[3]  Swenson D E 2012 Electrical fields: What to worry about? Proc. EOS/ESD Symp. EOS-34 paper 
3B.6 

Charge distribution and discharge current analysis with charged connector pins 

P Tamminen  

EDR Medeso, Finland  

Electronic components and electromechanics can get static charges during handling and discharge on a 
printed circuit board when assembled. This study focuses on charged connector metal pins with less than 2 
pF source capacitance. A charge distribution, rise time, and shape of the discharge current waveform is 
studied by using co-simulations between frequency domain finite element method and SPICE time domain 
circuits. Results show that the current rise time can be less than 10 ps and mainly depends on the 
inductance of the discharge path when the initial charging voltage is constant. The frequency response of the 
3D object defines the shape of the discharge current waveform together with the series inductance and 
resistance of the discharge path. 

[1]  Tamminen P, Fung R, Wong R 2017 Charged device ESD threats with high speed RF interfaces 3A.2 
Proc. 39th Conf. EOS/ESD Symp.  

[2]  Johnsson D and Domanski K and Gossner H 2018 Device Failure from the Initial Current Step of a 
CDM Discharge 6A.4 Proc. 40th Conf. EOS/ESD Symp.  

[3]  Bönisch S, Kalkner W and Pommerenke D 2003 Modeling of Short-Gap ESD Under Consideration of 
Different Discharge Mechanisms IEEE Trans. on plasma science vol 31 no 4  

[4]  Pommerenke D 1995 ESD: transient fields, arc simulation and rise time limit Journal of Electrostatics 
36 p 31–54  

[5]  Persephonis P, Vlachos K, Georgiades C and Parthenios J 1992 The inductance of the discharge in a 
spark gap Journal of Applied Physics vol 71 4755 doi: 10.1063/1.350667  

[6]  Zhang D and Zhou J and Hosseinbeik A and Pommerenke D 2017 Transient Electromagnetic Co-
Simulation of Electrostatic Air Discharge 4A.1 Proc. 39th Conf. EOS/ESD Symp.  
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Ignition risks associated with migratory antistatic liners at the point of use 

C Newlands1, I Pavey2, S Shepherdson2 and W Azizi2  
1GlaxoSmithKline, UK, 2DEKRA Process Safety, UK  

Dissipative plastics are often used to reduce risks of static ignition sources in explosive atmospheres. 
Migratory agents which diffuse to the surface can aid dissipation. The agent attracts ambient moisture to the 
surface thus decreasing the electrical resistance. In tests it has been found that surface resistance of 
migratory liners can take around 24 hours to become dissipative. This brings into question whether 
conditioning periods recommended for surface resistance tests could be masking the ignition risk of 
materials. Surface resistance, transferred charge and gas probe ignition tests have been carried out to 
investigate the ignition likelihood further. Rubbing tests indicated that a protective lubricating film formed at 
around 1 hour that could prevent charge transfer events but subsequent rubbing removed the film leading to 
charge transfer events. Liner filling tests were set up similar to IEC 61340-4-4. This testing recorded charge 
transfer events of over 60 nC for all liners even after 24 hours exposure. Liner filling tests with the gas ignition 
probe produced ignitions with standard insulating liners (no migratory agent) but produced no ignitions or 
measurable charge transfers for migratory liners. A question remains over the use of charge transfer values to 
evaluate ignition risks for migratory static dissipative materials and more guidance is sought to help industry 
manage these risks. 

[1]  PD CLC/TR 60079-32-1:2015: “Explosive atmospheres. Electrostatic hazards, guidance”, IEC 
[2]  IEC 61340-4-4:2018: “Electrostatics. Standard test methods for specific applications. Electrostatic 

classification of flexible intermediate containers (FIBC)”, IEC 

Session 8: Industrial, applications and charge control  

Electrodynamic dust shield for particle repulsion in solar energy applications 

B Guo1, W Javed1, B Figgis2, Y Sheng Khoo3, C Wu4, J Chesnutt4, and H Kawamoto5  
1Texas A&M University at Qatar, Qatar, 2Qatar Environment and Energy Research Institute, HBKU, Qatar, 
3Solar Energy Research Institute of Singapore, Singapore, 4University of Florida, United States, 5Waseda 
University, Japan  

Electrodynamic dust shield (EDS) has been proposed as a potential anti-dust solution for terrestrial solar PV 
power generation in dusty environments. Substantial research effort has been invested in moving the EDS 
technology from laboratory into real-world applications in the field. It has been found that dust removal 
efficiency of EDS is affected by many factors, each of which can play an important role in the viability of the 
EDS technology. It is first found that the EDS efficiency is a function of the dust loading level, i.e., mass of 
dust per unit surface area. Then a laboratory study reveals that EDS efficiency decreases significantly when 
operating in cyclic mode, which is the expected mode of operation in the field. Field test then shows a similar 
trend of EDS efficiency decrease when operating in cyclic mode, and the removal efficiency is strongly 
dependent on the “age” of dust particles. Most recently a field study suggests that EDS does provide some 
significant “anti-dust” benefits, but the beneficial effect needs to be amplified before EDS may be considered 
economically viable. Details of the state-of-the-art EDS technology and potential future development will be 
given in the presentation. 
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Experimental study of collisional charge transfer between particles for the development of a CFD model on 
electrostatic effects in gas-solid flows 

F Chowdhury1, M Ray2, A Passalacqua2, A Sowinski1, and P Mehrani1  
1Department of Chemical and Biological Engineering, University of Ottawa, Canada, 2Department of 
Mechanical Engineering, Iowa State University, Ames, IA, USA 

Triboelectric charging is an ongoing operational challenge in gas-solid fluidized bed reactors. Particularly in 
polyethylene production, this phenomenon can lead to significant wall fouling that forces prolonged and 
expensive shut-downs for reactor maintenance. Studies on triboelectric charging in gas-solid fluidized beds 
will lead to the development of electrostatic charging models for use in simulations, which are a cost-effective 
alternative to performing pilot-scale fluidization experiments. In this research group, an Euler-Euler CFD 
model for gassolid flows that incorporates the effects of triboelectric charging is under development [1].  

Since triboelectric charging occurs due to particle-wall and particle-particle collisions, both mechanisms 
must be carefully considered in any charging model. A particle-wall charging model was implemented into a 
CFD model for gas-solid flows, and particle-wall collision experiments were performed to verify its 
applicability with polyethylene particles [2]. Triboelectric charging due to particle-particle collisions, however, 
has received limited attention. As such, systematic experimental studies are needed to better understand the 
charge transfer mechanisms between two colliding particles. In this work, a novel apparatus was constructed 
that provides the magnitude and direction of charge transfer between two colliding particles.  

The design focus for this apparatus was to mitigate any external influence on the system, thereby ensuring 
that the charge transfer would solely be due to particle-particle collision. The apparatus consists of three 
sections: an initial drop section where the charge on each particle is measured using Faraday cages; an 
induced collision section where the two particles achieve an elastic collision; and a particle capture section 
where the final charge of each particle is independently measured. A high-speed video recorder, linked to a 
particle-tracking program, was used to detect whenever an elastic collision occurred. Using this apparatus, 
elastic collisions between same-sized particles were confirmed at high frequency, and a measurable transfer 
in particle charge was detected between these colliding particles. These experiments have indicated that the 
initial charges of the particles play an important role in the magnitude and direction of charge transfer.  

For particles with small initial charges, the direction of charge transfer may be dependent on the local charge 
difference of the particles at the point of impact, rather than the overall charge of each particle. The 
apparatus will be modified to also consider the charging tendencies of particle-particle collisions between 
particles of varying sizes, materials, and/or densities.  

[1]  M. Ray, F. Chowdhury, A. Sowinski, P. Mehrani, and A. Passalacqua, “An Euler-Euler model for 
mono-dispersed gas-particle flows incorporating electrostatic charging due to particle-wall and 
particle-particle collisions,” Chem. Eng. Sci. (Accepted 2018, CESD-18-01266R1)  

[2]  F. Chowdhury, A. Sowinski, M. Ray, A. Passalacqua, and P. Mehrani, “Charge generation and 
saturation on polymer particles due to single and repeated particlemetal contacts,” J. Electrostat., 
Feb. 2018. 
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Study on charge neutralization effect by electron cyclotron resonance plasma source in high vacuum 

T Morishita1, D Koda2, S Hosoda2, T Mogami3, K Minemura3, N Nomura3, and H Kuninaka2 
1The University of Tokyo, Japan, 2Institute of Space and Astronautical Science, Japan, 3Kasuga Denki, Inc., 
Japan 

Electric charge deposition is cause of failures in a variety of in-vacuum manufacturing processes. Therefore, 
high efficient charge neutralization method is required. The goal of our study is to improve the charge 
neutralization speed in vacuum. Our research aims to the application of an electron cyclotron resonance 
(ECR) plasma source as neutralizer in vacuum. ECR neutralizer has been developed to neutralize ions emitted 
by ion thrusters, preventing the spacecraft from charging. We improved the neutralization current and 
investigated the charge neutralization of insulating film as an application for roll-to-roll system. Conveying 
films at high speed in vacuum, the films are entangled with each other because of friction charging. By 
placing the ECR neutralizer at 1.5m from a roll-to-roll system, we can convey the film roll at 1000m/min, the 
highest speed currently used in the industry. Our neutralization system runs at a gas ow rate of just 0.05mg/s 
of xenon. The 10W class ECR neutralizer is hence proved to be an effective charge neutralization method also 
for non-propulsion applications in high vacuum.  

[1]  Kuninaka H, Nishiyama K, Funaki I, Yamada T, Shimizu Y and Kawaguchi J 2007 J. Propulsion and 
Power 23 544-551 

[2]  Nishiyama K, Hosoda S, Ueno K, Tsukizaki R and Kuninaka H 2016 Trans. Japan Society for 
Aeronautical and Space Sciences Aerospace Tech 14 Pb131-Pb140 

[3]  Onodera N, Takegahara H, Nishiyama K and Kuninaka H 2001 J. Japan Society for Aeronautical and 
Space Sciences 49 27-31 (in Japanese) 

[4]  Ohmichi W and Kuninaka H 2014 J. Propulsion and Power 30 1368-1372 
[5]  Mogami T, Minemura K, Nomura N, Hosoda S, Koda D and Morishita T 2018 Proc. Conf. on Institute 

of Electrostatics Japan pp 69-70 (in Japanese) 

Characterizing the electrostatic charging and discharging processes of sprayed conductive liquids in free jet 
or in a conductive vessel 

F Baumann1, J Esslinger1, M Thedens1, and O Losert2 

1Physikalisch-Technische Bundesanstalt, Germany, 2Berufsgenossenschaft Rohstoffe und chemische 
Industrie, Germany 

The process of spraying liquids generated electrical charges. The question therefore arises as to whether this 
electrostatic charge represent an ignition hazard when an explosive mixture is present. This hazard occurs 
when cleaning vessels, in which an explosive mixture is formed by residues of easily flammable liquids or the 
cleaning medium itself. Although measurement techniques and methods exist for detecting this electrostatic 
charging process, they have not been sufficiently scientifically proven. The Chilworth JCI 131 adverse 
conditions field meter is to be used to measure the electrostatic charging of spraying liquids. It is to be 
validated by measuring the electric field strength of a spray jet charged by a modified, insulated arranged 
electrostatic spraying system (up to 90 kV) in low-pressure range (8 bar). A flat-jet nozzle is selected which 
atomizes the spray jet, which serves as the measuring surface, sufficiently large. This arrangement is further 
investigated in a 1 m3 stainless steel IBC. The investigations presented are part of a project aiming to extend 
the scope of the German Technical Rules for Hazardous Substances (TRGS) of TRGS 727, which regulate 
avoiding ignition hazards resulting from electrostatic charging. The aim is to reach an understanding that 
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allows provisions for safe cleaning of “small” and “medium-sized” containers up to 50 m³. This project is 
funded by DGUV (German Social Accident Insurance) and partners from the industry. 

[1] TRGS 727 Vermeidung von Zündgefahren infolge elektrostatischer Aufladungen, Ausschuss für 
Gefahrstoffe - AGS-Geschäftsführung - BAuA, 2016. 

[2] C. Blum, „Forschungsbericht (Projekt Nr. 617.0 -FP290) - Aufladung beim Versprühen von 
Flüssigkeiten - Voruntersuchungen zur Bestimmung relevanter parameter,“ DEKRA EXAM GmbH, 
Bochum, 2015. 

[3] John Chubb Instrumentation Ltd., „User Manual: JCI 131 Electrostatic Fieldmeter,“ John Chubb 
Intrumentation Ltd., Cheltenham Uk., 2006 

[4] C. Schierding, „Charakterisierung der berührungslosen Messung elektrostatischer Aufladung mittels 
Feldmühlen,“ PTB Braunschweig: "Veröffentlichung in Vorbereitung", 2019. 

[5] H. Krämer, „Kriterien zur Beurteilung der Zündgefahren infolge elektrostatisch aufgeladener,“ Chem.-
Ing.-Tech. 55 (1983) Nr. 6, pp 419-428, 1983. 

[6] L. Papula, „Mathematische Formelsammlung für Ingenieure und Naturwissenschaftler,“ 
Vieweg+Teubner, GWV Fachverlage GmbH, Wiesbaden, 2009, pp. 33. 

[7] Eltex-Elektrostatik-Gesellschaft mbH, Betriebsanleitung Influenz-Elektrofeldmeter EMF58, Well am 
Rhein, 1994. 

Session 9: Measurements 

Electrostatic risk and specification of field and voltage limits for insulating web materials 

J Smallwood1 and K Robinson2   
1Electrostatic Solutions Ltd, UK, 2Electrostatic Answers LLC, USA 

Evaluation of electrostatic risk in production insulating web systems rely on electrostatic field or voltage 
measurements. Field meter measurement at the centre of a web span gives a direct evaluation of 
electrostatic risk from net web surface charge density. Surface voltage measured on the web against a 
grounded conductor can reveal the distribution of charges on each web film surface independently. 
Considerations for measurement instruments are given. 

[1]  Britton L G 1999 Avoiding Static Ignition Hazards in Chemical Operations Am. Inst. Chem. Eng. 
ISBN 0-8169-0800-1 

[2]  International Electrotechnical Commission 2012 Electrostatics – Part 1: Electrostatic 
phenomena — Principles and measurements IEC/TR 61340-1: 2012 

[3]  Seaver A E 1995 Analysis of electrostatic measurements on non-conducting webs. J 
Electrostatics 35 231-243 

[4]  Secker P E 1975 The use of field mill instruments for charge density and voltage measurement. 
Int. Phys. Conf. Ser. No. 27 173-181 
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Measurement of total electric charge of submicrometer particles using a DBD charger coupled with a 
capacitive sensor 

N Zouzou1, D Aouimeur1,2, F Miloua2 and A Zouaghi1  
1Institut Pprime, France, 2APELEC Laboratory, Algeria  

The objective of this experimental research work is to evaluate the efficiency of a capacitive system for 
particles charge measurement. The obtained results are used to assess the performance of an aerosol DBD 
charger based on the particle losses. The charge measurement system consists of a sensitive electrometer 
that determines the total charge of the particles flowing through a capacitive sensor, and a DBD charger that 
is used to charge particles at elevated levels. The results are compared to that obtained using an Electrical 
Low Pressure Impactor (ELPI+). Experimental results show similar behavior of both detection instruments 
employed in this study. In particular, equivalent trend, order of magnitude and polarity of total charge are 
obtained for different status of the DBD charger (different frequency, voltage and geometry).   

[1]  Kennedy I M 2007 Proc. Combust. Inst 31 2757-70.  
[2]  Vincent J H 2007 Aerosol Sampling: science, standards, instrumentation and application 

(Chichester: John Wiley & Sons edition)  
[3]  Keskinen J, Pietarinen K and Lehtimäki M 1992 J. Aerosol Sci. 23 353-60.  
[4]  Wang S C and Flagan R C 1989 J. Aerosol Sci. 20 1485-88.  
[5]  Kesten J, Reineking A and Porstendörfer J 1991 Aerosol Sci. Technol. 15 107-11.  

Characterization of ESD shielding materials with novel test methods 

T Viheriäkoski1, R Wong2, R Fung3, and P Tamminen4 
1Cascade Metrology, Finland, 2Cisco Systems Inc., USA, 3Cisco Systems Hong Kong, Ltd., Hong Kong, 
4EDR&Medeso Oy, Finland 

Electrostatic discharge (ESD) shielding effectiveness of materials used to protect ESD sensitive devices was 
evaluated with a coaxial electrode and ESD generator. Attenuation of a continuous low power signal and a 
high power transient was measured. Electromagnetic far field shielding does not necessarily address ESD 
protection performance. High impedance on a discharge path reduces energy coupling efficiently. Therefore 
the prevention of conductive and capacitive coupling is the key factor for designing protective packaging for 
transportation of ESD sensitive devises. Due to the effect of breakdown field strength, low power signals shall 
not be used alone to assess ESD shielding characteristics. A coaxial electrode and an ESD generator was 
found a useful combination for the evaluation of ESD shielding effectiveness. As a final outcome, adequate 
ESD protection can be achieved even without the far field shielding, depending on application. 

[1] IEC 61340-5-3:2015 Properties and requirements classification for packaging intended for 
electrostatic discharge sensitive devices 

[2] IEC 61340-4-8:2014 Standard test methods for specific applications - Electrostatic discharge 
shielding – Bags 

[3] Viheriäkoski T, Fung R, Wong R., Gärtner R., Smallwood J and Tamminen P 2018 ESD Shielding of 
thermoformed clam shell packaging, EOS/ESD Symposium Proceedings, 1-10 

[4] Viheriäkoski T, Kärjä E, Horsma-aho P, Gärtner R and Smallwood J 2018 ESD risks of containers 
made of conductive compounds, EOS/ESD Symposium Proceedings, 1-9 

[5] ASTM D4935-18 Standard test method for measuring shielding effectiveness of planar materials 
[6] IEC 61000-4-2:2008 EMC, Electrostatic discharge immunity test 

19 
 



 
 

Session 10: Environment and agriculture 

(Invited) Electron beam induced diesel off gases desulfurization and denitrification  

Y Sun, A G Chmielewski, and E Zwolińska-King  

Institute of Nuclear Chemistry and Technology, Poland  

Air pollution is an important issue among present day society. Recently, there has been significant concern 
with the pollution from marine sources which currently utilize low quality diesel fuels. As a result, research 
and development projects have focused heavily on creating cost effective technology that can clean off 
gases with a high level of efficiency. The Electron Beam Flue Gas Treatment (EBFGT) is one of the most 
popular non-thermal plasma techniques used due to its high efficiency and has attracted a lot of scientific 
interest in the environmental protection sector. The exhaust gas is irradiated with the Electron Beam from the 
accelerator, which causes interactions between the fast electrons and the molecules from the gas, which 
creates new species such as ions, radicals and excited states. A new emerging hybrid technology that 
couples the Electron Beam with the reduced size wet scrubbing methods may provide an answer to the 
reducing emissions from the marine shipping industry (Fig.1). 

￼  

Fig.1: Hybrid EB – sruber system for Diesel off gases treatment. 

There are two main stages involved: 1) SO2 and NOx oxidation during irradiation by the Electron Beam from 
the accelerator and 2) the pollution products absorption into aqueous solution[1,2].. Application of droplet 
spray in the irradiation zone[3] will remove oxidation products to avoid back reactions. The organic pollutants 
(VOC, PAH) may be destroyed in eb formed plasma as well. The results of the present modeling and 
experimental studies are discussed in the paper. 
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Optimization of parameters of designed and developed hand-held electrostatic sprayer and its performance 
evaluation for herbal pesticides 

M K Patel1, 2, A Kumar1, 2, P Kumar 1, A Jangra1, and A Kumar1  
1CSIR-Central Scientific Instruments Organisation, India, 2Academy of Scientific and Innovative, Research, 
India 

Electrostatic force field has been exploited in the design and development of a handheld air-assisted 
electrostatic sprayer for herbal pesticides. Electrostatic spraying is a novel approach for agricultural 
pesticides applications to increase the mass transfer efficiency, pesticide bio-efficacy, uniform deposition, 
maximum canopy coverage and liquid pest to reach the hidden areas and underside of the target by reducing 
the drift of active ingredients of pesticides from the target. A new air-assisted electrostatic sprayer has been 
designed and developed for small scale farms with a specific focus on rural developing economies. In this 
work, experiments were carried out with four types of herbal pesticides and one chemical pesticide to 
evaluate and compare the performance of developed electrostatic sprayer. The results are characterized in 
terms of depended variable i.e. charge-to-mass ratio by varying independent variables such as applied 
voltage, air pressure, conductivity and density of liquid. The droplets are charged more than 8 mC/kg with an 
applied voltage of 1.5 kV at a flow rate of 110 ml/min and air pressure of 40 psi which is more than 
desirable to achieve the wraparound effect. This nozzle is light weight, highly efficient, reduces pesticide use 
and human health risks, and eco-friendly. 
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Influence of ESP collector configuration on reduction of particulate emission from biomass combustion 
facility 

A Bologa1, H P Rheinheimer2, and H P Paur1  
1Institute for Technical Chemistry, Germany, 2CCA-Carola Clean Air GmbH, Germany  

Development of compact electrostatic precipitators (ESPs) for reduction of particulate emissions from small 
scale biomass combustion is an actual task. Particle mass collection efficiency of an ESP depends from 
combustion conditions, geometry of ionizer, collector stage configuration and precipitator operation 
parameters. The investigation of the influence of collector stage configuration on particle mass collection 
efficiency of a pilot space charge ESP was in the focus of the study. It was shown that the use of tube 
collector with integrated grounded plates enhanced particle mass collection efficiency. The loading of plates 
with aerosol provoked particle re-entrainment and decreased long-term ESP collection efficiency. The use of 
grounded brush electrodes ensured effective reduction of particle emissions but resulted in increase of 
pressure drop in the precipitator. The optimization of cleaning intervals of the ionizer and collector increased 
particle mass collection efficiency. It was shown, that the integration of automatic systems for ionizer and 
collector cleaning into the space charge ESP enhanced long-term operation stability and ensured effective 
reduction of particulate emissions form small scale biomass combustion. 
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Session 11: Modelling and simulation 

Simulations and comparative study: the performance of various active devices in an AIA 

T Soltani, I Soltani, and T Aguili 

National Engineering School of Tunis, Tunisia 

This paper presents a comparative study of various active device types inserted in an active integrated 
antenna (AIA) for the resonant frequency of 4GHz. Three terminal devices which can be BJT, HBT, MESFET or 
HEMT are integrated within the patch antenna through a microstrip transformer. We are using ADS simulator 
tools for designing and analysis. We have discussed the performance of the AIA by calculating its input 
impedance, reflection coefficient and current density distribution. 
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Modeling of agglomeration of electrostatically charged particles 

H Grosshans and E Klahn 

Physikalisch-Technische Bundesanstalt, Germany  

The agglomeration of particles during the handling of powders results in caking, lumping or the local 
accumulation of electrostatic energy. In the case of dry powders the attraction in-between particles can be 
mainly attributed to van der Waals and electrostatic forces. In this paper we present a novel numerical 
approach which is based on an algorithm developed by Erleben [1] in the field of computer graphics. This 
algorithm is extended to compute binary and multiple particle interaction with each other and solid surfaces. 
The herein presented results demonstrate that this algorithm allows to accurately and efficiently predict 
whether particles agglomerate or separate depending on their kinetic parameters. Simulated test cases 
reveal how electrostatic and van der Waals forces lead to the growth of structures in case the particle 
restitution coefficient is sufficiently low.  
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Monte-Carlo simulations of electrostatic self-charging of tritiated dust 

M Sow1, G Dougniaux1, S Peillon1, C Grisolia2, and F Gensdarmes1 
1Institut de Radioprotection et de Sûreté Nucléaire (IRSN), France, 2CEA, IRFM, Saint Paul lez Durance, 
13108, France 

The electrostatic self-charging rate of tokamak dust is investigated using Geant4, a toolkit for the simulation 
of the passage of particles through matter. To do so, the particles geometrical characteristics, the β 
disintegration energy spectrum and the deepness of tritium infusion are taken into account. The investigated 
materials are tungsten and beryllium, the plasma facing components (PFC) of ITER, considered as spherical 
particles from 20 nm to 200 μm in diameter, both tritiated. Two cases of tritium distribution in the particles 
are examined. On the one hand, tritium is homogeneously distributed over the whole sphere; on the other 
hand, tritium is homogeneously distributed within the external 100 nm layer of the sphere. The self-charging 
rate is assessed through the calculation of the particle exiting electron rate. Based on a tritium inventory of 
10 GBq/g, relevant for ITER tokamak environment, our results show that, for a single tungsten or beryllium 
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particle of 10 μm in diameter, the self-charging rate when tritium is homogeneously distributed is respectively 
2.4 and 1.9 positive elementary charges per second.  
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NOx reduction from diesel engines using DBD assisted adsorption and desorption-reduction 

N Manivannan1, L Amato2, and W Balachandran1 
1Brunel University, UK, 2Università di Napoli, Italy 

The study presented in this paper is NOx abatement from diesel engine using non-thermal plasma (NTP) and 
granular activated carbon (GAC). We proposed a system based on the adsorption of NOx on GAC followed by 
a GAC desorption and reduction by NTP in N2. This multi-stage process of NOx abatement was carried out in 
a continuous process using two units in parallel (adsorption/GAC regeneration). NTP was generated using AC 
dielectric barrier discharge (DBD) and used for two purposes; one was to assist the desorption process of NO 
from GAC and to the reduction process of desorbed NO (in N2) into N2 and O2.  The main purpose of this kind 
of set-up was to eliminate the presence of O2 in the reduction process as presence of O2 would not allow NO 
to be reduced into N2 rather it would lead to further production NO2.  A number of parameters (voltage and 
frequency of AC voltage, residence time/ velocity of gas and concentration of NO)   were investigated and 
reported in this paper. We also investigated the regeneration capacity of GAC in term of number of cycles of 
use and it was found that a typical GAC can be used to for as many as 30 cycles. The key results was that 
more than 99% of NO was reduce with the proposed multi-stage process for a gas concentrating of 250 ppm 
in air at the velocity of 0.1 m/s. 
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Session 12: Atmospheric and Lightning 

(Invited) Lightning on other planets 

C Helling 

University of St Andrews, UK  

More than 3800 planet are known that orbit stars other than our Sun. Many harbour a dynamic atmosphere 
that is cold enough that cloud particles can form in abundance. The diversity of exoplanets leads to 
differences in cloud coverage depending on global system parameters. Some planets will be fully covered in 
clouds, some have clouds on the nightside but are free of clouds on the dayside. We argue that these clouds 
can easily be charged and lightning discharges will occur in cloudy, exoplanet atmosphere. Lightning 
supports a global electric circuit (GCE) on Earth, and we argue that also exoplanet may develop a GCE if 
parts of the exoplanet atmospheres can remain cloud free. 

Atmospheric potential gradient measurements from a rooftop in Bangkok 

J C Matthews1, M D Wright1, P Navasumrit2, M Ruchirawat2 and D E Shallcross1 

1University of Bristol, UK, 2Chulabhorn Research Institute, Thailand 

The atmospheric potential gradient (APG) arises through global thunderstorm activity transporting charge to 
the ionosphere, which is then dissipated back to ground through the atmosphere. The atmosphere is weakly 
conducting due to the presence of air-ions caused by ground-based radiation and cosmic rays. APG 
measurements are often used to provide information about atmospheric physics and meteorology [1,2] but 
have also been used to infer information on pollution due to the reduction in atmospheric conductivity 
caused by atmospheric air-ion attachment to aerosol [3,4]. 

APG measurements at 1 Hz (averaged to 1 minute samples) were taken on the roof of a 6 floor building, 
approximately 100 m from a busy toll road in Lak Si, northern Bangkok. The measurement period was from 
March 8th 2018 until September 12th 2018, covering the transition from hot season into rainy season. The 
heavy monsoon rains and the heavy traffic can both be significant disruptors of the fair weather atmospheric 
electric field. Heavy traffic will increase APG due to aerosol loading, while rain storms can increase the 
magnitude, but also change sign of the field due to charge processes within clouds. 

During the APG measurements, there were 8 weeks of particle number count and 3 6-days of measurements 
of aerodynamic size distribution in March and April 2018. Aerosol count and APG should be well correlated 
[2,3,4] with the relationship dependent on size distribution. If measured alongside meteorological data, APG 
can provide information on the hygroscopicity of local aerosol [3]. Separating the APG by wind direction can 
provide insights into the nature of aerosol content without direct aerosol measurements or sampling. 
Measurements of the time series of APG in the time domain and the frequency domain can provide 
information on aerosol loading and sources in the atmosphere by identifying cyclic behaviour. Frequency 
domain analysis of APG can identify a diurnal cycles that can be indicative of traffic rush hours.  
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Session 13: Energy and environment applications 

Study of electrohydrodynamic phenomena in high temperature high pressure nitrogen 

A Bologa, H P Paur, K Woletz and D Stapf  

Karlsruhe Institute of Technology / Institute for Technical Chemistry, Germany 

The study of corona discharge current-voltage characteristics (CVC) in high temperature high pressure (HTHP) 
gases is important step in development of compact HTHP electrostatic precipitators and heat exchanges. The 
scope of current work was the study of corona discharge CVCs in HTHP nitrogen. Corona discharge ionizer was 
installed inside of a HTHP casing. Ionizer included a heated grounded tube electrode and star-shaped high 
voltage (HV) electrodes. Tests were carried out for various gas pressure and temperature. The CVC-direct and 
CVC-indirect were measured for positive and negative polarity of applied voltage. For the same voltage, 
current for negative corona was higher than for positive one. Increase of gas pressure stabilized corona 
discharge and increased breakdown voltage. Corona discharge CVCs were characterized by a hysteresis loop. 
The area of hysteresis loop depended on gas pressure and temperature. At the same applied voltage, CVC-
indirect have shown higher currents than CVC-direct. Operation at CVC-indirect ensured stable corona 
discharge and heat transfer. 
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Electrostatic charging of water spray by induction 

A Marchewicz, A T Sobczyk, A Krupa, and A Jaworek 

Polish Academy of Sciences, Poland 

Results of experimental investigation of electric charging of water spray produced by several commercially 
available single-fluid pressure swirl atomizers, with cylinder induction electrode are presented in this paper. 
The process of induction charging of water spray is analysed in terms of specific charge and droplet size 
distribution, for water flow rate, water pressure, induction electrode voltage and inter-electrode distance as 
process variables. It was found that the specific charge of water droplets increases with increasing voltage 
applied to the induction electrode, but only to a certain voltage magnitude. The decrease in the specific 
charge for higher voltages is caused by corona discharge from the induction electrode and the shielding 
effect of space charge due to electric field produced by the charged droplets. The optimal inter-electrode 
distance maximizing the specific charge was determined for each of the tested nozzles. 
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Joint session 1: Dielectrics and Electrostatics I 

Influence of electrode spacing on a symmetrical washer-type electrohydrodynamic conduction pump 

M Daaboul1, P Traoré2, S Modh2, and C Louste2  
1University of Balamand, Lebanon, 2P' Institute, CNRS – University of Poitiers – ISAE-ENSMA, Poitiers, France  

Electrohydrodynamic (EHD) pumping is an attractive method that can be applied to drive a fluid in mass 
transport and heat transfer enhancement applications, and more particularly for microfluidic applications. 
EHD pumps are very interesting because they do not require moving parts. The electric energy is directly 
converted into kinetic energy via the Coulomb force. Three modes can generate this fluid motion: conduction, 
induction, and injection. This paper presents the experimental results of a parametric investigation on EHD 
conduction pumps with washer-type electrode geometry. Only symmetrical electrode configuration is 
investigated in order to highlight the influence of the positive/negative charge mobility ratio. The working fluid 
is a dielectric liquid (HFE-7100). The pumping mechanism is examined with several washer-type electrode 
geometries and different types of spacers. For each configuration, pressure and current time variations are 
recorded and compared.  
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Time resolved measurement of dielectric particles velocity in standing wave electric conveyor using PTV 
technique 

N Zouzou, A Zouaghi, and P Braud 
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The interaction between micro-sized dielectric particles and standing wave electric field is investigated 
experimentally in this paper. The particles are deposed on a conveyor made of a series of copper electrodes 
on a dielectric surface and moved by an electric field. The standing wave electric field is generated by 
applying 2-phase voltage signals to the electrodes. Particles motion is recorded using high speed camera, 
and then a Particles Tracking Velocimetry (PTV) based post-processing is carried out in order to track each 
particle and evaluate its velocity. The main results indicate that the particles move toward both directions 
perpendicular to the electrodes close to the surface and their velocity increases. Some of them can reach a 
synchronism velocity equivalent to the velocity of the electric wave. However, most of the particles cannot 
reach this velocity because of the contribution of adhesion and drag forces. 
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Dielectric measurements for the examination of electrostatic charging of powders 

I Kiss1, Z Á Tamus1, T Iváncsy1, B Németh1, G Újfalussy2 and I Berta1 
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The electrostatic charge accumulation of extremely pure substances usually makes the manufacturing 
technology more difficult. The electrostatic behaviour of the materials can be examined by the measurement 
of charge decay time, but the conductivity of pure materials is very low, therefore they show very long charge 
decaying times. Hence, this quantity is not applicable for reliable electrostatic characterisation of pure 
powders. In this investigation, dielectric and charge accumulation measurements were executed on extremely 
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pure powders. The results of leakage current and voltage response methods show significant difference 
between the powders according to their electrostatic behaviour. The result of dielectric measurements is 
confirmed by the charge accumulation measurement. The findings reveal the importance of the investigation 
of slow polarisation mechanisms in the charge accumulation processes of powders.  

[1]  Inculet I I, Castle G P and Aartsen G 2006 Chemical engineering science 61 2249{2253 
[2]  Hussain T, Deng T, Bradley M S A, Armour-Chlu D, Gorman T and Kaialy W 2016 IET Science, 

Measurement Technology 10 442{448 ISSN 1751-8822 
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Phased-array metasurface modeling using the MoM-GEC method  

I Soltani, T Soltani, and T Aguili 

National Engineering School of Tunis, Tunisia 

Phased array metasurfaces are the new classes of diffractive elements through spatial phase engineering. In 
this article, we proposed a new design of a graphene plasmonic metasurface based on the concept of 
phased array antennas. Our investigation demonstrates the capability of dynamically achieve full range 360 ̊ 
phase modulation using graphene doping technique. This dynamic modulation is a viable solution compared 
to tuning the phase by varying the element length because it offers a full 2π transmission phase control.  

[1] Huang L, Zhang S and Zentgraf T 2018 Review article Metasurface holography : from fundamentals 
to applications 71169–90 

[2] Baudrand H and Bajon D 2002 Equivalent circuit representation for integral formulations of 
electromagnetic problems International Journal of Numerical Modelling: Electronic Networks, 
Devices and Fields 1523–57 

[3] Iyer P P, Butakov N A and Schuller J A 2015 Recon fi gurable Semiconductor Phased-Array 
Metasurfaces 

[4] Ziegler K 2006 Robust transport properties in graphene Physical Review Letters 972–5 
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[5] Messaoudi H, Mourad A and Aguili T 2016 Electromagnetic Modulation of Dipole Antenna inside an 
Infinite Rectangular Waveguide Using MoM-GEC Journal of Electromagnetic Analysis and 
Applications 08161–72 

[6] Hajji M, Aidi M and Aguili T 2017 A new hybridization of MS-GEC and PO methods for study of 
electromagnetic scattering in waveguides Journal of Electromagnetic Waves and Applications 
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(Invited) Electrical capacitance tomography for dielectric measurement  

W Yang 

University of Manchester, UK  

Electrical capacitance tomography (ECT) is based on measuring capacitance from a multi-electrode sensor 
surrounding a subject, and reconstructing the permittivity distribution in the surrounded cross section. 
Obviously, ECT is a type of dielectric measurement. Various other industrial tomography techniques or 
modalities have been developed based on different sensing principles, such as x-ray, -ray, optical, Laser, 
Terahertz, microwave, electrical resistance, electro-magnetic and ultrasonic. Among all industrial tomography 
modalities, ECT is the most mature and has been used for many challenging industrial applications. The 
internal information obtained by ECT is valuable for understanding complicated phenomena, verifying CFD 
models and simulation results, measurement and control of complicated processes. Compared with other 
tomography modalities, ECT has several advantages of no radioactive, fast response, both non-intrusive and 
non-invasive, withstanding high temperature and high pressure and of low-cost. Because of very small 
capacitance to be measured (down to 0.0001 pF) and the “soft-field” nature, ECT does present challenges in 
circuit design, solving the inverse problem and re-engineering. Our latest AC-based ECT system can generate 
online images at 300 frames per second with a signal-to-noise ratio (SNR) of 73 dB. Examples of industrial 
applications include the measurement of gas/oil/water flows, wet gas separation, pneumatic conveyors, 
cyclone separators and fluidised beds for pharmaceutical manufacturing and clean use of coal by circulating 
fluidised bed combustion and methanol-to-olefins conversion. During this talk, ECT will be discussed from 
principle to industrial applications, together with a demonstration of an AC-based ECT system.  

Joint session 2: Dielectrics and Electrostatics II  

Oxide based memristive devices: Current status of understanding and future prospects  

R Dittmann and R Waser 

Forschungszentrum  Juelich, Germany 

Transition metal oxides exhibit a reversible, non-volatile change in electrical resistance upon electrical 
stimulus, a phenomenon known as resistive switching. In the simplest case resistive switching memory cells, 
or so called memristive devices, can be switched between a low resistance state (LRS) and a high resistance 
states (HRS) which can be interpreted as the logical "1" and "0", respectively. However, it is important to 
note that resistive switching cells often show multiple resistive states rather than only two logical states. 

Based on the current knowledge, resistive switching in memristive elements based on transition metal oxides 
can be ascribed to electrically induced redox-processes at the oxide/electrode interface, which occur either 
in a spatially confined switching filament, multiple filaments or in a spatially homogeneous, area-dependent 
manner. In most cases, the redox-process in the metal-oxide goes along with a change in the valence state of 
the metal ion modifying the Schottky barrier at the oxide/electrode interface.  
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In this talk, we will present the current knowledge about microscopic mechanisms which drive electroforming 
and resistive switching in different variants of redox-based memristive elements. In particular, we will show 
direct experimental evidence of the redox-processes gained by in-operando spectroscopy and microscopy. 
Using the quantitative numbers gained from these experiments as input for existing nanoionic device 
simulations offers a route to less empirical and more predictive design of future memory cells. We will 
present detailed experimental studies and simulations of the strongly non-linear switching kinetics based on 
the drift-diffusion processes of oxygen vacancies in VCM-type systems. Finally, a brief overview about the 
current and future fields of application will be presented. 
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Poster programme  

Poster Session 1 

(P1.1) Fabrication of hollow carbon nanofiber containing metaloxide catalyst via electrospinning and 
thermal treatment for atmospheric VOCs removal and water treatment 

S Kang 

Yonsei University , South Korea 

We propose a novel material which has high VOCs removal performance as an adsorbent and also as a 
catalytic oxidation agent. In addition, we propose a methodology of fabricating this material. By ejecting a 
PMMA solution containing manganese oxide (Mn3O4) precursor through the inner part of a dual nozzle while 
a PAN solution is delivered through the outer part, nanofibers impregnated with Mn3O4 (denoted as 
Mn3O4/NFs) are fabricated after the co-axial electrospinning (outer layer: PAN, inner layer: MnAc/PMMA). 
The Mn3O4/NFs are carbonized, become a hollow structure, and are activated (Mn3O4/HACNFs). Mn3O4 
fabricated in this study are the most widely studied metal oxides due to the high activity, stability, relative 
low toxicity and redox properties. The fabricated Mn3O4/HACNFs are then tested for VOCs removal. The VOCs 
removal performance of is evaluated at low temperature (below 100°C) and high temperature 
(150~280°C), respectively, as a toluene adsorbent and a toluene oxidizing agent. The fabrication of 
Mn3O4/HACNFs using the dual nozzle co-axial electrospinning process is introduced for the first time, to the 
best of our knowledge.  
 
A series of CoxMn3−xO4/HCNFs were also synthesized, and their catalytic performance in oxidative 
degradation of organic dye compounds in water was investigated. The results showed that, as an oxide 
composite of Co and Mn elements, CoMn2O4/HCNFs showed much stronger catalytic activity in 
peroxymonosulfate (PMS) oxidation than Co3O4, Mn3O4, and their physical mixture. Typically, the uses of 0.2 
g/L CoMn2O4/HCNFs and 0.3 g/L PMS yielded a nearly complete removal of Rhodamine B (50μM) in 80 min 
at 25°C. The efficiency of Rhodamine B decomposition increased with increasing temperature (15–55°C). 
Furthermore, CoMn2O4/HCNFs could maintain its catalytic activity in the repeated batch experiments. 
Moreover, hydroxyl and sulfate radicals participating in the process were evidenced using quenching 
experiments, and a rational mechanism was proposed. PMS oxidation with CoMn2O4 is an efficient technique 
for remediation of organic contaminants in wastewater.  

The surface morphology and structure of the all nanofibers were characterized by field emission scanning 
electron microscopy (FESEM), energy-dispersive X-ray spectroscopy (EDX), transmission electron microscopy 
(TEM), powder X-ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS). 

 

Fig. 1: Catalytic results of the different ACNFs for the total oxidation of the toluene at different gas hourly 
space velocities (GHSV) as a function of the reaction temperature. 
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Fig. 2: Comparison of the photocatalytic performance of samples under different conditions. 

This work was supported by Railroad Technology Research Program (18RTRP-B082486-05) funded by 
Ministry of Land, Infrastructure and Transport of Korean Government. Yao, Yunjin, et al. "Sulfate radicals 
induced from peroxymonosulfate by cobalt manganese oxides (CoxMn3− xO4) for Fenton-like reaction in 
water." Journal of hazardous materials 296 (2015): 128-137. Morales-Torres, Sergio, et al. "Coupling noble 
metals and carbon supports in the development of combustion catalysts for the abatement of BTX 
compounds. 

 

(P1.2) Stability of charged nanoclusters: a case of fullerenes and polyoxometalates 

A Miller 

University of Nottingham, UK 

Electrostatic interactions are vital in numerous natural and anthropogenic phenomena: from larger scale 
cases such as the behaviour of volcanic ash clouds and the formation of clouds to everyday activities 
including food processing and printing. Although many different electrostatic models exist for studying such 
effects between charged particles, many fail to account for the dielectric nature of the materials present. 

In 2010, Bichoutskaia et al.[1] introduced a model which presented a new mathematical solution to 
calculate the electrostatic interactions between charged, dielectric, spherical particles which shows stability 
until the point of the particles touching. A particularly interesting feature is its demonstration of the charge-
induced interactions that occur between two dielectric particles of like-charge being attractive. Since then, 
the model has grown beyond the two-body problem and many-body solutions [2] have been added to 
enable the investigation of the electrostatic interactions that occur in short range proximity for a large amount 
of charged particles. The many-body solution is general, and it can be used for charged particles ranging 
from a small collection of atoms through to milli-scale particles. In this work, we model the behaviour of 
charged nanoparticles, specifically C60 clusters and polyoxometalates (POMs). 

Although the energetics determining the fragmentation of large and charged C60 structures have previously 
been examined [3], the forces driving the stability of C60 clusters are less well known. By treating highly 
charged C60 molecular clusters as dielectric particles we can investigate both their stability and 
fragmentation in a new light to give an accurate description of C60 clusters holding high positive charges. 
This allows us to assess various configurations including geometry and surface charge density distribution in 
order to find stable cluster structures. 
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Similarly, in this work the many-body solution [2] is used to model the behaviour of POMs, which are known 
to self-assemble in solution to form giant spherical hollow ‘blackberry’ macrostructures. Formation of these 
‘blackberries’ is not observed at low pHs – where the amount of charge on the POMs is low – indicating that 
the formation is electrostatically driven. We investigate the formation of the most basic oligomer (a dimer) via 
one proposed driving force for the self-assembly – counterion-mediated attraction – in which the counterions 
in the solution create the attractive interaction between two POMs.  

[1] E. Bichoutskaia, A. L. Boatwright, A. Khachatourian and A. J. Stace, The Journal of chemical physics, 
2010, 133, 024105. 

[2] E. B. Lindgren, A. J. Stace, E. Polack, Y. Maday, B. Stamm and E. Besley, The Journal of 
Computational Physics, 2018, 371, 712–731 

[3] M. Hedén, K. Hansen and E. E. B. Campbell, Physical Review A, 2005, 71, 055201. 
 

(P1.3) Fluid viscosity and corresponding effects on fluid flow, velocity magnitude and electric field 
distribution in electrohydrodynamic jetting 

B Aramide 

University College London, UK 

The phenomenon of electrohydrodynamic (EHD) jetting is affected by both the flow and electric properties of 
the dietetic fluid. A computational fluid dynamics (CFD) approach has been used to analyse the resultant 
effect of fluid viscosity on EHD flows. This study looks at the unique effect of fluid viscosity on Taylor 
formation, velocity magnitude and the electric field distribution. It is very difficult to experimentally study 
these relationships, but CFD provides insights into them that can open the world of Electrohydrodynamics to 
a new level of application; as this will give an idea of how to manipulate the fibre formation from the angle of 
solution parameters. Jaworek et al [1], highlighted viscosity as one of the key parameters that aid jet 
elongation and stability. Therefore, the necessity to study its role. Most studies have been carried out 
experimentally, but this paper provides computation insights. 

To solve the multiphase problem, a finite volume based CFD package, CFD-ACE+ (ESI Group, Paris, France) 
was used for the investigation. The leaky dielectric model which describes the process solves the 
combination of the Charge Transport Model Navier-Stokes equations simultaneously. The transient liquid-gas 
interface tracking is achieved by solving simultaneously with the other governing equations, using the VOF 
technique. Central differencing scheme with second-order piecewise linear interface technique construction 
(PLIC) scheme was used to explore the interface shape from the value of fluid fraction in each cell. The 
surface tension effect along the liquid-gas interface was treated by the continuous surface force (CSF) 
scheme. Finite volume method (FVM), using structured quadrilateral cells was used to discretize the volume. 
The resulting flow characteristics observed had striking similar profiles to the physical process. Three 
solutions of varying viscosity magnitudes have been modelled to study the effects of fluid viscosity on EHD 
flows. 

Among many other features observed, the results showed that it takes more time for the electric field to 
overcome the opposing surface tension of the solution at higher viscosity than at lower viscosity. Higher 
electric field magnitudes/strength were observed for the fluid of lower viscosity than that of the higher 
viscosity. Also, an increase in the viscosity reduces the droplet size/jet diameter just as reported in 
experimental results from [1]–[3]. The length of the jet increases with an increase in viscosity. 
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(P1.4) Nanoparticle deposition during electrospraying: discrete element model 

A Zítková 

University of Chemistry and Technology Prague, Czech Republic  

Nanostructured materials became an integral part of the customer market and so did the products based on 
nanoparticle layers (e.g. electrodes in supercapacitors, superhydrophobic coating). For the production of 
nanostructured layers, electrospraying is a suitable method offering several advantages compared to other 
techniques. It has easy mode of operation and construction and allows deposition of wide range of 
materials. On the other hand, properties of the deposited layer (e.g. electric or heat conductivity, 
hydrophobicity) depend not only on the deposited material but also on the morphology of the produced 
layer, which is determined by the spraying conditions and difficult to control. To solve this drawback, we 
decided to study the process of nanoparticle deposition. Our goal is to clarify the influence of various effects 
taking place during the final stage of the particle motion on the morphology of the layer. A convenient way 
how to do that is mathematical modelling.  

Presented first-principle model is based on the Discrete Element Method (DEM). In this approach, particle 
trajectory is computed as a consequence of the forces affecting the particle. An integral part of the model is 
evaluation of the electrostatic force which is a driving force of the particle motion. The resulting electric force 
affecting each charged particle depends on many effects: the electric field between the nozzle and the 
substrate, differently charged particles, the permittivity of the particles and the surrounding environment, etc. 
Therefore, the force has to be computed numerically.  

We use the Finite Volume Method (FVM) to discretize the Poisson’s equation and the electric force is 
evaluated from the resulting field of electric potential. The interparticle forces include non-contact van der 
Waals and contact elastic adhesive forces, while the drag force acts on a particle surrounded by a fluid (air). 
Morphology of the layers predicted by the developed model is qualitatively comparable to the experimentally 
obtained layers.  

The results bring more insight into the complicated process of the nanoparticle deposition and allow us to 
compare the importance of various effects occurring in the system. For instance – apart from the phenomena 
affecting the particle motion – the model results clearly demonstrate the influence of the after-deposition 
processes on the final morphology of the layer. For this reason, the model has been extended by the particle 
discharging. The new results prove the importance of this extension and show that the morphology of the 
layer is altered when particles are discharging slowly.  

 

Fig. 1: Comparison of the morphologies obtained from the model and experiment. 
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(P1.5) Triboelectric charging of polyethylene powders: experimental and modelling study of bipolar 
charging 

J Simon, K Ladislav, and K Juraj 

University of Chemistry and Technology, Prague 

The manufacturing and handling of polyethylene (PE) powders is associated with undesired charging, 
resulting in agglomeration of charged particles and wall sheeting that can eventually lead to the plugging of 
reactors/conveyors. In the processing and transport of insulator powders (for example, polymers, drugs, 
pigments or flour) collisions occur both among powder particles and between particles and a device wall. 
During such collisions, charge carriers are redistributed asymmetrically among the particles, which results in 
charging. Many theories have been proposed aiming to describe the triboelectric charging. However, these 
are mostly specialized on one type of charging and are rarely useful for the quantitative prediction of 
charging. Because the mechanics of electrostatic charging is still not fully understood, our predictions of 
which and how parameters affect the charging are limited, which underlines the importance of experimental 
research in this area. 

Thus, we measured the particle-particle and particle-wall charging of PE particles and a metal wall 
simultaneously to provide results relevant to industrial processes. The crucial part of our equipment is a free 
fall electrostatic separator, which separates the pre-charged sample particles according to the charge 
density and afterwards we directly measure the charge of separated particles in the Faraday pail connected 
to an electrometer. In our work, we focused mostly on the effect of following parameters on charging Volume 
fraction and particle size distribution significantly affects the charging behaviour. Similar results were 
predicted also by our Discrete Element Method model that incorporates the balance of transferable charged 
species participating in the charging mechanism. Moreover, the effect of temperature and impact velocity on 
charging was studied. The results indicate that the effect of these parameters on the saturation charge of PE 
particles is associated with the properties of the particles; namely Young modulus significantly affects the 
saturation charge at elevated temperatures. The saturation charge of PE particles decreases with increasing 
air humidity. Moreover, experiments with controlled rapid change of humidity showed a rapid change in the 
saturation charge, but only in the case when charged PE particles collided with other particles or metal wall. 
The repeated experiment showed no hysteresis, excluding the role of adsorption dynamics in the charging. 
Such observations suggest that the common interpretation of humidity-dependent charging, namely the 
effect of adsorbed water leading to the reduced surface resistivity, or the charge decay in humid air, are not 
sufficient to explain the humidity-dependent charging of PE particles. 

[1] Konopka, L. and J. Kosek, Discrete element modeling of electrostatic charging of polyethylene 
powder particles. Journal of Electrostatics, 2017, 87, p. 150-157. 

[2] Jantač, S., Konopka, L. and Kosek J.  Experimental study of triboelectric charging of polyethylene 
powders: effect of humidity, impact velocity and temperature. Advanced Powder Technology (in 
print). 
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Poster Session 2 

(P2.1) Study of the effect of plasma treatment on the triboelectric properties of polyethylene (PE) and 
polypropylene (PP) slabs 

T Omar 

Pprime Institute, France  

The dielectric barrier discharge (DBD) is a convenient way to modify the surface properties of polymers. The 
aim of this study is to evaluate the effect of atmospheric DBD treatment on the triboelectric properties of 
polymers in sliding contact. The experiments were carried out on two polymers that were rubbed against each 
other: PP and PE. The pairs of samples were exposed to the DBD, and then taken to a triboelectric test bench 
for friction charging. The distribution of electric potential at the surface of the tribocharged samples was 
measured by an electrostatic voltmeter. The triboelectric behavior of the considered polymers depends on 
the conditions of DBD treatment: thickness of the dielectric barrier and duration of the exposure to the non-
thermal plasma. 

Acknowledgments 

This work was partially funded by the French Government program “Investissements d’Avenir” (LABEX 
INTERACTIFS, reference ANR-11-LABX-0017-01) and by a FEDER-CPER program, financed by the European 
Union and by the Nouvelle Aquitaine Regional Council. 

[1] Van Krevelen D W, 1990 Properties of Polymers. Amsterdam: Elsevier. 
[2] Bailey A G 2001 J. Electrostat. 51-52 82-90   
[3] Williams M W 2012 J. Electrostat.70 233-4  
[4] Williams M W 2013 J. Electrostat.71 53-4  
[5] Chang J S, Kelly A J and Crowley J M 1995 Handbook of Electrostatic Processes (New York: Marcel 

Dekker) 32-3.  
[6] Chan,C-M., Ko T-M, Hiraoka H 2005. Surface Science Reports. 24 1–54  
[7] Bhoj A N, Kushner M J IEEE Transactions on Plasma Science, 33, 250-251 
[8] Yang Y,  Zhang G J,  Zhao W B, Zheng N 2005 Proc. lnternational Symposium on Electrical Insulating
 Materials June 5-9 Kitakyushu, Japan. 
[9] Bekkara M F, Neagoe M B, Prawatya Y, Benmimoun Y, Zeghloul T, Zouzou N, 20016, Proc. 10th 

conference of the French Society of Electrostatics SFE 2016, Poiters, France 
[10]  Nastuta A V, Rusu B G, Topala I, Chiper A 2008 , J  Optoel, 10 2038 – 2042 
[11]  Neagoe M B, Prawatya Y, Zeghloul T, Souchet D, Dascalescu L 2015 J. Phys.: Conf. Ser. 646 

doi:10.1088/1742-6596/646/1/012058 

(P2.2) The importance of the electro-dynamic field in the pilot production of homogeneous nanofibrous 
layers for potential use in wound healing and cosmetics 

M Pokorny 

Contipro a.s., Czech Republic 

In the few last years in our company, the production of nanofibrous layers containing the main component of 
hyaluronic acid was scaled-up from the research phase. Based on our experience with the development of 
technology of the laboratory apparatus with the commercial name 4SPIN LAB, a larger pilot plant was 
developed. A new device was designed to produce nanofibrous layers on an application-acceptable 
substrate material of at least 50 cm wide. The uniformity of the nanofibrous layer in a weight tolerance of 
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maximum ±10 % in the production of layers with an areal weight up to 20 g/m2 was also requested. During 
the development of the equipment, it has been shown that the continuous roll-to-roll production in electro-
static deposition does not achieve the required quality of the layers, therefore the deposition method has 
been extensively modified. 

 

Fig. 1: Illustration of the spinning process in the electrically dynamic field. Processed layers and their 
morphology are shown. 

 

The device uses two parallel needleless electrodes and a rotating collector in the form of an endless belt with 
a voltage difference of up to 120 kV (see Figure 1). To achieve the desired thickness homogeneity, two 
parameters were shown to be highly critical. The first of these parameters is the surface velocity of the 
substrate material, which was increased from the original 2 cm/min up to a hundred-fold. For this reason, 
the roll-to-roll system was replaced by an endless belt. Secondly, the movable mechanism near the nozzles 
destabilizing the position of the Taylor cones led to the overall elimination of the resulting patterns and 
stripes in the thickness of the layer. Thus, the modified deposition process can be characterized as highly 
electrodynamic, and not clearly electrostatic as is known from the standard electrospinning method 
arrangement. 

The produced nanofibrous hyaluronic acid-based layers are prepared within 130 minutes with a surface area 
of (110 x 55) cm2. The thickness of the nanofibrous layer weighing 18 g/m2 is uniform in the above-
mentioned tolerance to more than 95 % of the usable area. The validation of the manufacturing process was 
verified by two independent measuring methods, i.e. by weighing and analyzing the images produced by 
passing light. The layers prepared after further processing, e.g. cutting, then separation from the substrate 
material, packing, meet high-quality requirements and then can be distributed and used in applications in 
dermatology and cosmetics. 

 

(P2.3) Optimization of parameters of designed and developed hand-held electrostatic sprayer and its 
performance evaluation for herbal pesticides 

M K Patel  

CSIR-Central Scientific Instruments Organisation, India 

Electrostatic force field has been exploited in the design and development of a handheld air-assisted 
electrostatic sprayer for herbal pesticides. Electrostatic spraying is a novel approach for agricultural 
pesticides applications to increase the mass transfer efficiency, pesticide bio-efficacy, uniform deposition, 
maximum canopy coverage and liquid pest to reach the hidden areas and underside of the target by 
reducing the drift of active ingredients of pesticides from the target. A new air-assisted electrostatic sprayer 
has been designed and developed for small scale farms with a specific focus on rural developing economies. 
In this work, experiments were carried out with four types of herbal pesticides and one chemical pesticide to 
evaluate and compare the performance of developed electrostatic sprayer. The results are characterized in 
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terms of depended variable i.e. charge-to-mass ratio by varying independent variables such as applied 
voltage, air pressure, conductivity and density of liquid. The droplets are charged more than 8 mC/kg with an 
applied voltage of 1.5 kV at a flow rate of 110 ml/min and air pressure of 40 psi which is more than 
desirable to achieve the wraparound effect. This nozzle is light weight, highly efficient, reduces pesticide use 
and human health risks, and eco-friendly. 
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P2.4 Development of an electrospraying device - theoretical study 

A Karpińska 

InoCure s.r.o., Czech Republic 

Nowadays, nanoparticles are of high interest for pharmaceutical and biomedical use, especially for drug 
delivery applications. However, due to many limitations (e.g. difficulties in controlling particles size and 
morphology), the production of nanoparticles is a challenging task and takes a big attention from scientists. 
Recent developments in micro- and nanofabrication techniques [1]have shown a great potential in 
needleless electrospraying as one of the most efficient method for large-scale manufacture. Besides 
incontestable advantages of the process (simplicity, high production rate, low cost, …), 
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electrohydrodynamic atomization technique still requires improvement, especially of uniformity and purity of 
obtained particles [2]. 

Processing parameters and electrospraying apparatus play crucial role in optimization of the nanoparticles-
based formulation. In our study we have examined the impact of the geometry of the needleless emitter on 
the process features. We present a comprehensive theoretical analysis of the electric field profile depending 
on the design of the elements.  

The 3D-model has been prepared with COMSOL Multiphysics software by finite elements method. 

Our study will greatly help to select the proper emitter, as well as scale-up the particles fabrication in 
needleless electrospraying. 

[1] A. Shaid, L. Wang, R. Padhye and A. Jadhav, ”Needleless Electrospinning and Eletrospraying of 
Mixture of Polymer and Aerogel Particles on Textile”, Advances in Materials Science and Engineering, 
vol 2018, Article ID 1781930, 2018 

[2] H. Lee, S. An, S. Kim, B. Jeon, M. Kim and I. S. Kim, ”Readily Functionalizable and Stabilizable 
Polymeric Particles with Controlled Size and Morphology by Electrospray”, Scientific Reports, 
8:15725, 2018 

(P2.5) Electrostatic agglomeration of fly ash particles for hybrid gas cleaning devices. 

A  Sobczyk  
1Institute of Fluid Flow Machinery, Polish Academy of Sciences, Poland  

The paper presents experimental results of the investigation of agglomeration of PM2.5 fly ash particles with 
larger particles in an electrostatic agglomerator. SEM micrographs of the obtained agglomerates shown that 
a single particle of the size of 10-20 μm can collect more than 20-50 PM2.5 particles in this type of 
agglomerator. The experiments were carried out in a semi-industrial scale channel of a cross section of about 
600 mm height and 1100 mm width. The agglomerator can be used as a particle precharger in a hybrid 
system or as the first stage in a two-stage electrostatic precipitator, in order to increase their total collection 
efficiency. 
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(P2.6) Modelling Electrostatic Cohesion of Pharmaceutical Powders 

J Baptiste 

University of Nottingham, UK 

Respiratory diseases, such as chronic obstructive pulmonary disease (COPD) and asthma, continue to affect 
the health of hundreds of millions of people worldwide. Treatment of these diseases is generally performed 
via direct inhalation of the drug molecule, with newer devices using the aerosolisation of dry powders. 

The pharmaceutical powders used for aerosolisation techniques are generally composed of both carrier 
particles (usually lactose) and the active pharmaceutical ingredients (APIs), with both components being 
dielectric materials. The dielectric nature of these materials leads to the accumulation of bipolar electrostatic 
charges due to triboelectric charging via particle-particle and particle-wall collisions during the blending 
process.  

The bipolar charge within the powder may lead to an unwelcome aggregation of the powder particles while 
also having an effect on the homogeneity of the blend which could be positive (contributing to the formation 
of an ordered mixture) or negative (poor mixing of the components). Following aerosolisation the charge may 
also have a positive effect, with the electrostatics improving the deposition of fine aerosol particles within the 
lungs. 

In this presentation it is shown how recently developed theory on electrostatic interactions between charged, 
dielectric materials can be used to identify patterns of behaviour taking place during the aeroionisation of 
dielectric powders.   

The electrostatic model used in this work was proposed by Lindgren et al. in 2018,1 and is a generalisation 
of the solution, proposed in 2010 by Bichoutskaia et al.,2 to the problem of accurately calculating the 
electrostatic interactions between charged spheres of dielectric materials. The model considers interactions 
between an arbitrary number of spheres of arbitrary size, charge, position and dielectric constant, embedded 
in a homogeneous dielectric medium. The solution accounts for the mutual polarisation of surface charge 
density on each sphere due to the presence of external charges.  

In this work, we employ molecular dynamics techniques3 that include a polarisable electrostatic force-field 
to run simulations which investigate the effects of bipolar charge on the interactions present in aerosolised 
pharmaceutical powders. A variety of systems have been studied, ranging from the simple case of predicting 
the outcome of a collision between two oppositely-charged bodies, to more complex problems such as 
investigating the charge scavenging of a bipolar cloud of particles by a larger charged particle.  

 

[1] E. B. Lindgren, A. J. Stace, E. Polack, Y. Maday, B. Stamm and E. Besley, J. Comput. Phys., 2018, 
371, 712–731. 

[2] E. Bichoutskaia, A. L. Boatwright, A. Khachatourian and A. J. Stace, J. Chem. Phys., 2010, 133, 1–
10. 

[3] E. B. Lindgren, B. Stamm, Y. Maday, E. Besley and A. J. Stace, Philos. Trans. R. Soc. A Math. Phys. 
Eng. Sci., 2018, 376, 20170143. 
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(P3.1) Monte-Carlo simulations of electrostatic self-charging of tritiated dust 

M Sow 

Institut de Radioprotection et de Sûreté Nucléaire (IRSN), France, 2CEA, IRFM, France 

The electrostatic self-charging rate of tokamak dust is investigated using Geant4, a toolkit for the simulation 
of the passage of particles through matter. To do so, the particles geometrical characteristics, the β 
disintegration energy spectrum and the deepness of tritium infusion are taken into account. The investigated 
materials are tungsten and beryllium, the plasma facing components (PFC) of ITER, considered as spherical 
particles from 20 nm to 200 μm in diameter, both tritiated. Two cases of tritium distribution in the particles 
are examined. On the one hand, tritium is homogeneously distributed over the whole sphere; on the other 
hand, tritium is homogeneously distributed within the external 100 nm layer of the sphere. The self-charging 
rate is assessed through the calculation of the particle exiting electron rate. Based on a tritium inventory of 
10 GBq/g, relevant for ITER tokamak environment, our results show that, for a single tungsten or beryllium 
particle of 10 μm in diameter, the self-charging rate when tritium is homogeneously distributed is respectively 
2.4 and 1.9 positive elementary charges per second.  

[1]  Roth J, Tsitrone E, Loarte A, Loarer T, Counsell G, Neu R and Grisolia C 2009 Recent 
analysis of key plasma wall interactions issues for ITER J. Nucl. Mater. 390 1–9 

[2]  Peillon S, Sow M, Grisolia C, Miserque F and Gensdarmes F 2017 Mobilization of tungsten 
dust by electric forces and its bearing on tritiated particles in the ITER tokamak J. Electrostat. 
88 111–5 

[3]  Autricque A, Peillon S, Gensdarmes F, Sow M, Fedorczak N, Roche H and Pluchery O 2018 
Dust remobilization from rough planar surfaces in tokamak steady-state plasmas Nucl. Mater. 
Energy 17 284–8 
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into charging and coagulation of multicomponent radioactive aerosols J. Aerosol Sci. 114, 283– 
300 

[7]  Agostinelli S, et al 2003 GEANT4 - A simulation toolkit Nucl. Instruments Methods Phys. 
Res. Sect. A Accel. Spectrometers, Detect. Assoc. Equip. 506 250–303 

[8]  Allison J, et al 2006 Geant4 developments and applications IEEE Trans. Nucl. Sci. 53 270–8 
[9]  Allison J, et al 2016 Recent developments in GEANT4 Nucl. Instruments Methods Phys. Res. 

Sect. A Accel. Spectrometers, Detect. Assoc. Equip. 835 186–225 
[10]  Araujo H M, Howard A, Shaul D N A and Summer T J 2003 Electrostatic charging of cubic 

test masses in the LISA mission Class. Quantum Gravity 20 S311–9 
[11]  El-Kharbachi A, Chêne J, Garcia-Argote S, Marchetti L, Martin F, Miserque F, Vrel D, 

Redolfi M, Malard V, Grisolia C and Rousseau B 2014 Tritium absorption/desorption in ITERlike 
tungsten particles Int. J. Hydrogen Energy 39 10525–36 
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(P3.2) Removal efficiency increase in electrostatic precipitation for surrogate particles via electrical 
coagulation 

H Choi 

Yonsei University, Korea  

Nowadays, people use subways as a means of transportation. However, the concentration of airborne 
particulate matter (PM) on subway platforms has been reported to be higher than the outdoor PM 
concentration. Subway dust are iron-containing particles which is more harmful to human body than street 
dust particles. As one method of removing subway tunnel particles, a conventional electrostatic precipitator 
has been used. However, the electrostatic precipitator showed lower efficiency in the nano-sized region than 
in the microsized region. One of the most effective and economical methods for improving the collection 
efficiency of ESP is the agglomeration in an alternating electric field [1] In this study, the real dust collected 
at the electrostatic precipitator from subway of the Dae-Gu, Republic of Korea was used on the lab scale. The 
generated particles enter the duct with a cross section of 4x4 cm and are charged bipolar by the wire to rod 
type charger. The charged particles enter the coagulator. The coagulator consists of two iron plates up and 
down at intervals of 4 cm, and an AC electric field is applied to both plates, and the charged particles 
oscillate therein. The vibrating particles collide with each other. Particularly, particles having a large charge 
and large size sweep out small particles due to a larger vibration. At the end of the duct, the particle size 
distribution and concentration are measured through SMPS and APS. In order to compare the theoretical 
charge value with experimental charge value, we have also conducted experiments to measure the charge 
number. The I-V curve of the charger was measured to determine the proper DC voltage and the current value 
of the voltage was obtained. The current value of the charged particles was measured using an electrometer, 
and the concentration of the charged particles was measured using CPC.  

The experimental results showed that the charge number tended to increase as the particle size increased, 
and the theoretical value was similar to that of the experiment. In the AC electrical agglomeration experiment, 
as the AC field strength increased, the total number concentration of particles decreased and the particle 
distribution tended to increase gradually from left to right. We are going to carry out the experiment to 
measure the number concentration and charge number in micro area as well as in nano-sized area.  

 

 

 

Figure 1. Comparison between theory and experimental data of positive charge number by particle size 
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Figure 2. Comparison between theory and experimental data of negative charge number by particle size 

 

 

Figure 3. Particle size distribution by AC electric field This work was supported by Railroad Technology  

Research Program (18RTRP-B082486-05) funded by Ministry of Land, Infrastructure and Transport of Korean 
Government. Thonglek, V., and Kiatsiriroat, T. (2014). Agglomeration of sub-micron particles by a non-
thermal plasma electrostatic precipitator. Journal of Electrostatics, 72(1), 33-38. 

(P3.3) Improved mathematical model of particle trajectories in multimodal electrostatic separators 

A Benabderrahmane  

University of Poitiers, France  

The multimodal electrostatic separator has been designed to facilitate the feasibility assessment of corona-, 
tribo-, or purely-electrostatic processes of selective sorting of the constituents of granular mixtures. The 
versatility of the separator has imposed the development of an equally-agile simulation program for 
modelling the particle behaviour in each of the operational configurations of the machine. Thus, the paper 
discusses the numerical models that describe the various specific physical phenomena: corona-charging at 
the surface of the belt conveyor; induction charging of the conductive particles in contact with the grounded 
electrode; impact of particles with the rotating-roll high-voltage electrode. An example of conductive and 
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insulating particles trajectories computation is given. The simulated results are compared with the 
experimental observations. 

(P3.4) Development of an electrostatic wind driven generator (EWICON-R) 

P J Sonneveld 

HAN University of Applied Sciences, The Netherlands 

For this type of electrostatic generator firstly the wind flow is converted into a circulating flow resembling a 
mini cyclone in a special flow chamber. Secondly, small expanded polymer spheres are introduced that 
rotate with the circulating flow. While the air escapes from the middle, the particles remain in the system due 
to the centrifugal force. The particles are electrostatically charged by a tribological interaction with the outer 
wall. The power extracted from multiple electrodes is converted with a DC-DC convertor into common 
voltages. Because of the absence of moving parts, and reduced noise level, the electrostatic generator is 
especially suited for application in the built environment. The power output I still a subject of investigation 
and at present, too low for practical applications. 
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(P3.5) Study on charge neutralization effect by electron cyclotron resonance plasma source in high vacuum 

T Morishita 

Department of Aeronautics and Astronautics, Japan 

Electric charge deposition is cause of failures in a variety of in-vacuum manufacturing processes. Therefore, 
high efficient charge neutralization method is required. The goal of our study is to improve the charge 
neutralization speed in vacuum. Our research aims to the application of an electron cyclotron resonance 
(ECR) plasma source as neutralizer in vacuum. ECR neutralizer has been developed to neutralize ions emitted 
by ion thrusters, preventing the spacecraft from charging. We improved the neutralization current and 
investigated the charge neutralization of insulating film as an application for roll-to-roll system. Conveying 
films at high speed in vacuum, the films are entangled with each other because of friction charging. By 
placing the ECR neutralizer at 1.5m from a roll-to-roll system, we can convey the film roll at 1000m/min, the 
highest speed currently used in the industry. Our neutralization system runs at a gas ow rate of just 0.05mg/s 
of xenon. The 10W class ECR neutralizer is hence proved to be an effective charge neutralization method also 
for non-propulsion applications in high vacuum.  
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(P3.6) Fabrication of gas removal filter with metal oxide nanoparticle using electrostatic precipitator 
method and performance evaluation 

J Han, D Park, J Oh, and JHwang 

Yonsei University, South Korea 

Nowadays, Recently, large buildings such as high-rise buildings tend to reduce the number of ventilation to 
save energy. This tendency cause not only the number of bacteria and fungi in the indoor space, but also the 
odor concentration of indoor air such as VOCs As a result, the indoor air quality deteriorated. Until now, most 
of the deodorization techniques for removing such odors have been using activated carbon (AC) filters for 
adsorbing gaseous pollutants. 

However, this technology has a disadvantage that the life of the filter is short due to the difficulty of reusing 
these filters because the pollutants are simply transported from the gas phase to the solid phase, and 
secondary pollution occurs when the gas is buried or incinerated. Therefore, techniques for reducing odorous 
substances without using activated carbon have been studied, In particular, deodorization filters using metal 
oxide catalysts can oxidize odorous substances at room temperature and have a long life span (Liotta. 
2008). In the case of the deodorization filter of the refrigerator, the deodorization performance of the filter 
treated with the metal oxide catalyst was higher than that of the adsorption filter using the activated carbon. 
 
In this study, metal oxide nanoparticles are produced by spark discharge method. Spark discharge is an 
environmentally friendly process that does not require a chemical process to generate metal nanoparticles 
by applying a strong voltage to two metal electrodes. The resulting metal oxide nanoparticles were coated on 
the porous filter media using an electrostatic precipitated aerosol coating technique.  
 
Electrostatic precipitated aerosol coating is a method in which particles are charged and an electric field is 
applied to the filter to attach the charged particles to the filter. The particle coating efficiency was evaluated 
according to the type of metal oxide, electric field type and intensity. Respectively. 

 

 
Figure 1. Coating efficiency by electric field 
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In result, As the electric field increased, the coating efficiency increased and the coating efficiency was about 
80% at 7 kV. The deodorization performance of VOCs was evaluated by using the metal oxide deodorizing 
filter and the deodorization efficiency of VOCs such as formaldehyde, ammonia, and acetic acid was about 
30%. 
 
This research was supported by Korea Ministry of Environment (MOE) as “Advanced Technology 
Program for Environmental Industry”. 
 
Liotta. L. F. (2008). Catalytic oxidation of volatile organic compounds on supported noble metals, Applied 
Catalysis B: Environmental, 100, 403-412. 
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