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Abstract. Electrostatic charging has long been used to improve the efficief a
range of sprayed liquids. However, the benefits have not untihtigdoeen available
for exploitation by domestic sprays due to the need for a highgeofiawer supply.
A minimum charge-to-mass ratio (q/m) ofx110* C/kg is generally considered
necessary to elicit electrostatic benefits. This levalhairge can now be imparted to
liquids atomised from trigger-actuated spray devices by avpasgstem, requiring
no power supply. Induction charging was achieved using a tribdesdigtrcharged
aluminium electrode. The g/m of the sprayed liquid was dependent upahahge
residing on the induction electrode. The induction electrode wasieklly isolated
and required a charge of between 0.7 anck118° C to deliver a water spray with a
g/m of 1x 10* C/kg. This level of static charge was readily attainedibp¢harging
the aluminium with polythene. Once generated, sufficient chamgeined on the
electrode surface to charge successive sprays without tbieforeegeneration. The
performance advantages for a spray charged in this mannedénattraction to and
targeting of surfaces and wrap-around onto surfaces not in the direct sigétof

1. Introduction

Electrostatic charging is a familiar method used for improtgefficiency of a range of
sprayed liquids, for example in electrostatic crop spraying amdipgiapplications. The
charge is usually imparted either by induction or corona methods, udigh avoltage
power supply, or by tribocharging in powder coating systems. Typi@lminimum
charge-to-mass ratio (g/m) of¥.10* C/kg is considered necessary to elicit electrostatic
benefits [1;2]. Domestic sprays, such as the familiar hand-helskyreepack (PP) device
have not previously exploited the advantages of electrostatic staytegy, primarily
due to the necessity for a power supply that adds prohibitive costoamglexity to a
simple domestic device. Recent research, however, has led to thepdesel of a
domestic pressure-pack dispenser that produces an aerosol of diwilearity this level
of charge. Natural charge exchange processes that occur duringagiomihave been
enhanced to attain the elevated g/m values [3]. This has been ackiewvedgh the
optimisation of formulation and pressure parameters combined with @aratac
incorporating a novel orifice design, which promotes shearing aléutrical double layer
at the liquid/solid interface. This has led to the development of a domestitdiasespray
with significantly improved insect targeting characteristiteading to substantial
improvements in insect knockdown and mortality [2;4].

Another form of spray device that is commonly encountered in the siieme
environment is the trigger actuated spray. This is used to dispeasety of water-based
detergents and cleaning products such as furniture polish, kitchen &noobatcleaners
and disinfectants. As the majority of these applications involve tlagge surface,
electrostatic spraying would be beneficial in enhancing product diepoand delivering a
more even coating. A threshold charge-to-mass ratio value>ofl@* C/kg would be



predicted as a minimum to achieve these advantages, based on preseausir findings
[1;2]. In attempting to achieve this level of charge, promotingliearing of the electrical
double layer (as with PP sprays) was found not to be successfulwa$ibelieved to be
because of the difference in atomisation characteristics antbdhe widespread use of
aqueous formulations. Therefore, an alternative way of producing gecbardemand
spray was required. One solution was an induction charging systam arsielectrically
isolated electrode at high potential, designed such that atomiséttbe spray occurred
under the influence of a high electric field. The liquid reservais yrounded and acted as
a counter electrode. Charged droplets were formed as they braleram the reservoir.
The charge on the induction electrode could be established by tribiwetbetrging, which
could occur during the action of squeezing the actuation trigger.

Presented here are preliminary investigations into the levelhafge that is
required on such an induction electrode to produce a spray with ébgia tne threshold
value of 1x 10* C/kg, and the g/m of successive sprays.

2. Materialsand Methods
2.1. Design of the charge-on-demand trigger spray device

A trigger spray device was designed in order to test the conéaping an induction
electrode to charge a liquid as it was atomised from a conventiogger pack. A
commercially available trigger pack was modified by coverimg outer plastic shroud
with aluminium foil as shown in Figure 1. The foil was extended tdrtre of the shroud
to create an induction zone around the spray orifice. The distanugs d@bis gap was
8.0mm, and the spray orifice was positioned central within this. dihe/ds positioned so
that it remained electrically isolated from the other partheftrigger device and the user
during actuation. For some experiments, static charge was depoaitdte induction
electrode by contact with a voltage source (Brandenburg Alphatyfjcally using a
voltage of between 1 and 8kV DC. The polarity of charge carriethéydroplets was
always opposite to that of the induction electrode. The liquid reserasi grounded via a
wire from the inside of the container and running over the lip to th&euiBhe induction
electrode was also charged by rubbing with a piece of polye#hdbeet. The charge
typically achieved on the electrode in this way was between B anty® C, the polarity
always being positive.

Electrically isolated aluminium
induction electrode

Spray orifice
Induction charging zone

Plastic shroud

Actuation trigger

Figure 1 Schematic drawing of the charge-on-demand trigger spray device



2.2. Measuring charge and charge-to-mass ratio

The charge residing on the induction electrode was measurdoweying the trigger
assembly into a Faraday pail connected to an electrometehl@elhstruments, 610C).
Similarly, the charge on the spray from the trigger devicemeasured by spraying into a
Faraday pail with an aperture wide enough to allow the spray ploreater. The mean
g/m of the spray was calculated, based on a minimum of 5 replicates.

2.3. Influence of induction electrode potential on spray g/m

The electrical potential of the induction electrode was expdotel@étermine the level of
charge achieved on the liquid during atomisation, as it would deteth@netensity of the
electric field. The electrical potential of the induction eled&r was controlled by
contacting the electrode with a range of voltages between 1 and8kWhe electrode
polarity was positive, so the spray polarity was negative. The af/riine liquid was
measured, and the potential restored before another measuremetgkeras The test
liquids were tap water and a 5% detergent solution. Statistizalysas (t-test) was
performed to identify the significance in differences betwden d/m of the two test
liquids.

2.4. Q/mof successive charges

As charging the sprayed liquids by induction was not expected twveethe charge from
the induction electrode, successive trigger actuations should be cheimeever, the

charge on the induction electrode might be expected to decrgasatiral leakage,
resulting in a corresponding decrease in the g/m of the spragvéstigate this effect, the
g/m of tap water was measured for the first, second and thirdssirce trigger actuations.
The charge on the induction electrode was between 1 ard1@® C, achieved by
triboelectric charging with polyethylene sheet.

3. Resultsand Discussion
3.1. Influence of induction electrode potential on spray g/m

The results in Figure 2 show the relationship between the charge orduction electrode
and the g/m of the resultant spray for tap water and a 5% detsadetion. As the charge
on the electrode was increased, so the g/m of the sprays icréhgewas seen for both
liquids, although the g/m of the water was significantly higlpet0(05) than that of the
detergent for the same level of charge on the induction elecffb@eincrease in g/m as
the level of charge on the induction electrode increased would haweettas a result of
the intensification of the electric field at the point of liquidraisation. Thus, a higher
charge was induced in the forming droplets as they broke awaytlmgrounded liquid

reservoir.

The difference in g/m between the tap water and detergentosokauld have
arisen through differences in conductivity, viscosity or surfaoeion; factors that can
effect the charging or atomisation characteristics.

The natural g/m of these liquids without a charge on the induction electrode is also
shown in Fig. 2. The values are low, in the region ®fl0° C/kg for water. The charge is
believed to arise from shearing of the electrical double layer thatsatithe liquid-solid
interface.
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Figure 2 Relationship between the charge on the induction electrode and ¢jestohaass ratio
of water and detergent sprays. Based on 5 replicates, error barseiidécatandard error of the
mean, * indicates statistically significant difference between aloes (p<0.05).

3.2. Q/m of successive charges

Figure 3 shows that charge is induced in successive sprays framgtiex, but that the
g/m of the sprays decreased. This is probably due to the chargs @n the induction
electrode decreasing with time or with successive sprays.cfiigge on the induction
electrode could be expected to decrease over time due to ch&ageldeaom the surface
and neutralisation. It is not necessarily lost as an outcome spthgs. The results show
that triboelectric charging of the induction electrode is a Isigitenethod for charging the
spray to the theoretical threshold ok110* C/kg. The natural g/m of the sprays without
the induction electrode being charged is much lower, but also shows easkewrith
successive actuations. The natural g/m may decrease witlssivecactuations due to the
changes in the electrochemical characteristics of the interface ifojj@ach actuation.
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Figure 3 Charge-to-mass ratio of successive trigger sprays oatep Wribocharged induction
electrode charge of between 1 and 20° C. Based on 5 replicates, error bars show the standard
error of the mean.

4. Conclusions

It has been demonstrated that it is possible to charge gpragysced by trigger actuated
devices by a passive system, not requiring a voltage sourceyeaisamass ratio values in
excess of & 10* C/kg have been demonstrated on water and detergent solutions. This has
been achieved by atomising the liquid in an electric field cddayean electrically isolated
induction electrode at high potential. The minimum charge on the indudécinoele for
tap water was between 0.7 and k.3L0°C, while for a 5% detergent solution it was
between 0.7 and 1.¥ 10°%C. In these investigations the charge was imparted to the
electrode by contact with a voltage source for reproducibility. Thiaagng of the
aluminium against polyethylene sheet consistently achieved chafdeetween 1 and 8
10%C. This was shown to achieve water sprays of in excess ok 1@* C/kg. It is
envisaged that in the final device the triboelectric chargingheilgenerated during the
process of trigger actuation [5]. Work is ongoing to design this cbpacess into
existing trigger devices, and to optimise the geometry of the chargeiordamonhe.

The electrical potential of the induction electrode influenced HeFge-to-mass
ratio of the sprayed liquid. As the electrical potential of the itidacelectrode was
increased, the g/m of the liquid spray was increased. This wavetder tap water and a
detergent solution, although the g/m of these differed for the sasuwogle potential.
Factors such as surface tension, conductivity and viscosity wal redse considerable
influence on the charge characteristics, through their effetihe atomisation process and
the time rate of charge transfer [6;7].

The benefits of a charge-on-demand trigger actuated spray devieet ribibse
already know to industrial applications of electrostatic sprayihgse include attraction to



the target surface, wrap-around onto surfaces not in the direct Isightfand more even
coverage resulting from space charge effects and electroatimtiction. As a result, the
efficacy and performance of common domestic sprays could be substantmatibyéu.
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