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A method and device (20) for spraying particulate
materials in which a high voltage is applied to a mass
of the particulate material so as to cause particles to issue
from the mass. High voltage from a source (16) is applied
to a mass of material (36) stored in a container. A surface
of the mass (36) is exposed to the surroundings and the
applied voltage is conducted through the bulk material
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to particles located at the exposed surface which are =
thereby projected as an electrically charged spray from the EZ
mass under the influence of the electric field substantially -
without any accompanying corona discharge. =
28 =
~— = 20

=
2
-
z
T 1
{ |

16 ] | ' 18

12

RFD



influenced by the level of electrostatic charge on the particles of the

i nhal abl e subst ance. I nternational Patent Application No. WO 94/19042
“discloses a device in which the substance to be 25- adninistered is

di spensed in the formof inhalabl.e particles (aerosol l|iquids or powder)
into a passageway defined by a nouthpiece of the device and an
“arrangenent of electrodes within the passageway i s used to-inpart

el ectrostatic charge to t he particles so dispensed. In this way, the

el ectrostatic charge characteristically inparted to particles on being-
di'spensed froma particul ar type of dispensing neans can be- nodified
in a controlled nanner- as they pass through a charging 30 region _
establi shed by the el ectrode arrangenent. Such nodification is stated to
enconpass i ncreases, reductions, reversal and neutralisation of the

| evel of electrostatic charge on the particles. Wth such .
~an arrangenent, it is difficult -to secure a uniformlevel of electrostatic
charge on.” = the particles since the particles are dispersed into the -

i nhal ed airstream and passed through the 35 electric field devel oped by
the el ectrodes. Particles at di fferent—tocations in t he- airstreamtherefore
tend to receive difficult |evel tic charge resulting in
particles with a mnde spectrun1of eIectrostat_c charge : WO

96/ 10459 ' i '
PCT/ GB95/ 02218 Also electrostatlc spraying is used in
coating articles with plastics material, the materi al initially being
sprayed onto the article as a relativle i yer and t hen consol i dat ed
to forma continuous |ayer”y heating. The: partlculate material ‘is
flui di sed and caused to flow by ineans of. an; air supply and is -
electrically charged by traversing a corona di scharge el ectrode after bei ng
5 fluidised. In such coating technlques ‘the particulate materi al used has
a high volume resistivity s e
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of the charge is highly desirable since such spraying techni ques are
usual ly required to produce 10 relatively thick adherent, coatings of

material and the non-E4BRTRANTAGIC SPRAVENGOF (RARTIIGUIATE MATERTAL. |
dissipation) is an inportant factor in ensuring that the material adheres

to the target fQr'rntshmenuonreﬁieeménématbuééﬁa@mgeri od between spraying and
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t he sprayed par y be assisted by application of sonme
f orm of adher encé fpaturedf thednvegtian residestimthe absenge pff any diquid véhicle for syseensiondf the

to the parti saﬂsamae Fritedai. Nso n%ﬂ voltage is dppfied B ¥fe rﬁéssrbabémmutahatemtpw :al.ssnaay
be cont ai ned t acl e having a di scharge outlet at which

na.r
surface of tﬁ@%‘?&é&ﬂ" 'g'ﬁ d at |east during spraying. The
applied vadtage Mhy uscofptestrostatic fields indbespraying qf partituiate matdrials dscinolye pevgse. For
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25 administered is dispensed m the form of inhalable parttcles (aerosol liquids or powder) into a
| passageway defined by a mouthpiece of the device and an arrangement of electrodes within the
' passageway is used to impart electrostatic charge to the particles so dispensed. In this way, the
electrostatic charge characteristically imparted to particles on being dispensed from a particular
type of dispensing means can be modified in a controlled manner as they pass through a charging
30 repion established by the electrode arrangement. Such modification is stated to encompass
increases, reductions, reversal and neutralisation of the level of electrostatic charge on the
particles. )
With such an arrangement, it is difficult to secure a uniform level of electrostatic charge on
the particles since the particles are dispersed into the inhaled airstream and passed through the
35 electric field developed by the electrodes. Particles at different locations in the airstream therefore
tend to receive difficult levels of electrostatic charge resulting in particles with a wide spectrum of

“electrostatic charge.



corona di scharge from;fhe device. In the present invention, corona

di scharge i s considered “Undesirable in contrast with the prior art
wher e 39 8¢{t0489 schar ge i s inportant. PCT/

5 WO 96/ 10459 GB95/02218

PCT/ GB95/ 02218 In sone instances, it may be desirable to use
a high voltage generator. produci ng an out put whi ch al ternates between

positive and negative polarities, for instance:for shock suppression
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deposited particles. _
In contrast, in the method of the present mventlon the pamculate material W|ll tend to be of
15 lower resistivity than used in the article coating methods just referred to in order that the particles
can be charged by leakage of charge through the mass (rather than by means of a.corona
dischafge). The ability of the particulate material to adhere by means of electrical forces will tend
to be lower but, in general, the thickness of the layer to be deposited will tend to be substantially
less and, where gravity may be a factor, in terms of adherence reliance is placed on' the
20 dampness or tackiness of the surface on to which the particulate material is sprayed. Also, in
practising the methods of the present invention, it is unnecessary to produce a flow of gaseous
fluid to effect transport of the particulate material. Instead the electric field is instrumental in
propelling the particles. C
As mentloned above, because of the lower resistivity employed in practlsmg the present
25 invention, adherence to surfaces by virtue of the electrical forces created tends to be reduced
since charge leakage or dissipation can occur. The reduced adherence may be §ompensated for if
the surface to be sprayed is damp or tacky. In some cases, the retention of the sprayed particulate
material may be assisted by application of some form of adherence pl_'bmoti'ng agent to tﬁe
- surface to be sprayed and/or to the particulate materiai. o
30 The mass of particulate material may be contained within a _re_ceptade having a discharge
outlet at which a surface of the mass is exposed at least during spraying. . _ _

The applied voltage may be positive or negative (positive voltages being preferred) and is
typically in the range of 3-to 40 kV, usually less than 30 kV, eg 3 to 25 kV. An important feature of
the invention is that the voitage is selected with the aim of preventing or miminising corona

35 discharge. Thus, if the device is put into its operationai state in the absence of the partlculate
material, the voltage selected is such that , without said mass present there is substantially no -
corona discharge from the device. In the present invention, corona dlsc_ha_nge is considered
undesirable in contrast with the prior art where corona discharge is important.



Accordingly in the present invention the vdltage generator may be one
conprising a large array of voltage produci ng el ements interconnected

t 0 “pr oduce WO M/WHSY ol t age.

Pref-erably the gener at ®cTicBIR/038 d

state device conprising hundreds or even thousands of I ndi vi dual
vol t age produci ng el enents whi-ch may be serially conhected so that
collectively they 20 produce a high vol tage out put. Typically
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Preferably the generator is a solid state device comprising hundreds or even thousands of
individual voitage producing elements which may be serially connected so that collectively they
produce a high voitage output.

Typically the current output of the generator will be such that the power rating of the
generator is 100 mW or less, more usually 50 mW or less. For example, for a paint spraying
device, the voltage may be in excess of 25 kV and the current of the order of 1 microamp (power
rating of 30 mW) whilst for a room fragrance sprayer the voltage may be of the order of 0.5 to
2.0 mW, typically 1.2 mW (eg 100 nA current and 12 kV voltage). '

The high voltage generator conveniently comprises an array of photosénsitive elements so
arranged as to produce a voltage output of at least 1 kV.

Preferably the array of photosensitive elements is so arranged as to produce a volitage
output of at least 5 kV, and more preferably upwards of 8 kV.

The generator is conveniently in the form of an electronic solid state devxce comprising a
large array of photosensitive elements. For instance, the solid state device may comprise a
photovoitaic material (eg suitably doped polycrystalline silicon such as that used in the producnon
of solar cells and solar paneis) appropriately divided into discrete sections, eg by etching andvor
laser scribing techniques commonly used in the production of semiconductor devices, to form a
large array of discrete photovoltaic elements interconnected in such a way as to produce,
collectively, a high voltage output of the order referred to above when irradiated.

A cell of photovoitaic material, such as silicon doped with boron to produce a pure lattice of
p-type material, can produce a relatively low voltage output (typically of the order of 0.45 V) when
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other hand is related to both light intensity and the surface area of the
cell. For the kind of electrostatic spraying applications with which
the present invention is primarily concerned, current demand is very
I ow (m croanps and even nanoa teéﬁ.and consequently, by 5 serially
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utility ‘i! roomfra&rance %bbl nce the generator nay be active when
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| NSt anc eytility¥6r lo6M Ftaf@néd spraying SH&S trﬁfy%ﬁérifopﬁia? be E&ﬁr@)ﬁh&gthg %Hh)?ﬁ anaPé?l

ded, wi t at hi e abl
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r epl acenthe gersratbior sprayieg device may be providedeawithai sheath ooother radiatiob shialdinggewvitd e t o
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spraylng or 1 nst
20 shield may alternatively be in the form of a removabie cover which, when mounted on or attached

to the generator or spraying device, prevents irradiation of the array, and allows irradiation when
removed, the switching action thereby being effected by removal and replacement of the cover.

The shield/cover may be adjustable to vary the extent of exposure of the array and thereby
vary the rate of spraying for instance. ' - _ _

25 Where the spraying device is designed for hand-held use, the device may comprise a
~ portion intended to be held in the hand, eg a hand grip, and a section which would not normally be
encompassed by the hand in use of the device, the array of photosensitive elements being
disposed on the latter section so as to be exposed to ambient radiafonllight.

When the array is arranged on a section of the device so as to be exposed in-use, the array

30 maybe protected from damage by a superimposed layer or cover of material which is at least
partially transmissive to the radiation/light. . , .

In another embodiment, the voltage producing elements are constituted by radiatlon
sensitive elements connected in an array arranged to be irradiated by a radiation source forming
part of the spraying device. The radiation source may constitute the sole or primary source of

35 radiation for the array or it may serve to supplement ambient radiation/light. For instance, the
radiation source may be a radiation emitting element such as a light emitting solid state element
(eg a light emitting diode), a filament (eg light bulb) which emits light when current is passed
through the filament or a fluorescent lamp. Switching on and off of the generator in this instance
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controlled by means of a user controllable actuator. In the case of a spraymg device, the actuator

15 may serve to control the supply of material to the outlet of the device and may also be coupled
with a movable masking element so that, in response to delivery of the material to the spraying
odtlet. the array is exposed to produce high voitage for application to the material and thereby
deliver a spray of electrically charged material. In a typical embodiment, the spraying device
comprises a user operable trigger for applying pressure to electrostatically sprayéble material

20 contained in a reservoir or container (for example in the form of a piston and cylinder type device
or in the form of a compressible container) to effect delivery of the material to the spraying outiet,
and the trigger is coupled to a masking element which is moved relative 1o the array

' (translationally or rotationally) to expose or increase exposure of the array to ambient radiation or
to radiation from an associated radiation source. Altematively, the masking element may be

25 omitted and the radiation source may be energised in response to actuation of the trigger whereby
the array is irradiated in the course of operating the trigger to deliver the material to the spraying
outlet.

if employed, the radiation source may serve a dual purpose, ie the production of ligit for
irradiation of the photosensitive array, and for producing light for illumination of the object/target

30 to be sprayed. in addition, the radiation source may serve to indicate that the generator is
operational.

 Asdisclosed in EP-A-468735 and 468736 and PCT-A-W094/13063, it is desirable in some
applications to provide a bipofar high voitage output, for exampie for the purposes of shock
~ suppression and/or to allow the spraying of electrically insulating materials such as plastics,

35 human hair etc, which are otherwise difficuit to spray. The generator may for such applications be
arranged to provide a bipolar output, eg with an output frequency as disciosed in EP-A-468735
and 468736. For example the high voitage output of the generator may be electronically switched
at a desired frequency (which may be user-controlied) by means of electricai circuitry associated
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mat eré§.| be &ms?dsofgl c%?ét Jf %Ehly insulating material with a volume reswttvuty well in excess of
10"" ohm.cm but coated with a material of lower resistivity such that the particies exhibit a buik
resistivity within the range 10° to 10" ohm.cm when consolidated as a packed mass witho_ut
compressing the packed mass. In some cases, the particulate material may comprise a mixture of
materials having differing volume resistivities. For instance, where one material used alone is
30 found not to spray satisfactorily, a mixture with a second material héving a different volume
resistivity may permit the combined materials to spray under the same voltage cdndition_s.

- Particles sprayable by methods in accordance with the bl_'esent invention will usually have a
mean particle size lying in the range of 1 to 1000 microns, typically Igss than 400 microns and
preferably 10 to 200 microns. Preferably the particles are of a non-filamentary nature Since

35 elongate fibres or the like are more prone to corona discharge, with_generally spheﬁcal particles
being preferred. | |
Various applications of the method of the invention are envusaged for example spraylng of
suitable powdered active ingredients for use in the foliowing:
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in some appllcanons of the invention, the arrangement may be such that the applied

15 vohage is insufficient to cause issue or propuision of particles from the bulk material until the
electric field is sufficiently intensified. ie by bringing the mass of materiai into the proximity of an
object or target towards which the particulate material is to be sprayed. in other words, the
aﬂangement may be such that spraying of the particulate material is substantially suppressed until
the surface from which the material issues is within a predetermined distance from the object or

20 target to be sprayed. The distance involved may vary according to the particular application but
for many applications the predetermined distance is typicaily about 25 cms or less. For some
applic'atibns,'said predetermined distance may be about zb cms or less. in some cases, eg
cosmetic applications and othgr applications involving spraying the body, said predetermined
distance may be about 10 cms or less, and for applications requiring accurate directly spraying, it

25 may be about 5§ cms or less. .

According to a further aspect of the invention there is provided a device for spraying
particulate material, comprising a receptacle for the material to be sprayed, a voitage generator
for applying high voitage to the mass of particulate material. and means defining a dispensing
location from which electrically charged particles issue from the mass in use.

30 Preferably the material is sprayed from the device without effecting transport of the material
with the aid of mobile gaseous fluid, the high voltage preferably being applied to the mass of the
material white static within the cohtaining receptacie.

Because the particies spfayed from the device are electrically charged, the spray wiil tend
to be directional because of the earth seeking nature of a cloud of charged particles. in this way,

| 35 formation of a "fog"of loose particles suspended in air is substantially avoided. Also, the particles
by virtue of being electrically charged are less prone to being inhaied into the iungs. Moreover,
because of the manner in which the particles are charged, ie by application of high voitage to the
static mass accompanied by charge ieakage through the mass, all of the particies will be charged
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20 operation of the actuator is effective to co-ordinate opening of the discharge opemng with
operation of the voltage generator. : '

The actuator may take various forms. For example the pamcutate matenal-contalmng
reservoir, container or the like may have an opening through which the powder exlts and the
- actuator may comprise a movable element controlling opening and closing of the opemng The

25 movable element may be in the form of a shutter (eg an iris-type shutter) or it may be fonned wrth
an aperture or apertures which can be moved into and out of registry with sald opening in
response to movement of the element. For example, the mov_ahle element may be slidable so that
the aperature(s) therein are. moved laterally relative to said opening between.a position with the
aperture(s) located in registry with said opening and a position in which the aperture(s) isfare -

30 dlsplaced to one side of the opening and a non-perforated portion of the movabte element overlies
the opening thereby sealing the reservoir, container or the like, at Ieast to the extent necessary to
prevent escape of the particuiate material. The shdmg motion of the movable element may be
rotary or transiational with respect to the device. In a convement arrangement the movable
element is arranged so that, when the device is held i inthe hand |t can be moved between its

35 opening and closing positions by means of the user's thumb either by dlrectly by sliding the thumb
to and fro while in contact with the movabie element or by while in contact with a part of the
actuator linked with movable element controlting opening and closmg _ "

If desired, the actuator may be biassed, eg spring toaded towards the closmg posmon
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cosnetic 1ép;9ﬁ"€ei’ﬁﬂ‘5‘|*i§teﬂﬁ?’@i her applications involving spraying the body,

sai d predetern mag wdbﬁt’ioalmlendme dRECride® by waPofWXEmPIe ohi§ With référéndes the
applicati O”Scéo%%ny.hd‘&a%s wmchd' rectly spraying, it
Figure 1 is a diagrammatic view of a first embodiment for electrostatically spraying powder in a
predominantly upward direction:
20 Figure 2 is a vertical section through the device of Figure 1:
Figure 3 is diagrammatic view of a second embochment which is designed for spraymg powder in
a predominantly downward direction:
. Figure 4 is a vertical section through the device of Figure 3,
Figure 5 is a diagrammatic view of a spraying device for use in the application of for exampie
25 powdered personal care and hygiene products;
Figure 6 is a vertical section through the device of Figure 5;
Figure 7 is a diagrammatic view illustrating the principle of operation of another embodiment in
accordance with the invention; '
Figure 8 is a detail view illustrating exposure of powder for spraying;
30 Figures 9 and 10 are diagrammatic views illustrating a further mode of operation;
Figures 11 to 13 are diagramm‘atic views illustrating yet another mode of operation;
Figure 14 is diagrammatic view of a device suitable for spraying materiai for inhalation into the
respiratory system; ' . _
Figure 15 illustrates schematically a madification which is applicable to each of the embodiments
35 illustrated in Figures 1 to 14; and
Figure 16 is a schematic view of a cell for use in determining bulk powder resistivity.
Referring to Figures 1 and 2. the powder dispersing device illustrated comprises a base unit
10 for iocation on a horizontal surface, the bottom wall 12 of the base unit serving to provide a
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Because the particles sprayed fromthe device are electrically charged, the
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arrangement
22 but is free to move in the longitudinal dlrectlon m response to rotation of the upper unit 20 -

relative to the base unit 10. In this way, the depth of the powder-receiving cavity 36 can be varied
as the quantity of powder in the cavity diminishes. As shown, the disc 34 is shown in an
intermediate position along its range of travel. | _ '

20 in addition to co-operating with the disc 34, the rod 32 forms an electncally conductive path |
between a high voitage output (preferably positive) of the high voltaqe_ generating circuitry 16 and
the interior of the powder-receiving cavity whereby high voitage can be applied to the powder in
the cavity when the switch 18 is operated to energise the circuitry 16. In operation, by appropriate
adjustment of the upper unit re_latilre to the_.base unit, the exposed surface of the powder material

25 can be maintained adjacent the open upper end of the tubular portion 22. The high voitage
applied to the powder within the cavity 36 is conducted through the powder (which will be one
which has at ieast some degree of condu_ctivity to permit this) so that an.eleptdc field is produced
whereby particles present at the exposed surface are propelled under the influence of the electric
field away from the bulk of the powder. The upper edge 40 of the portion 22 is of tapering

30 configuration to enhance the electric field intensity. A high voitage may be e_st_a:blished_ at the
upper edge either as a resuit of eleclﬁcal_ charge accumuiating on th_e edge (in the case where the
tubutar portion 22 is of highly insulating material) or by coupling the high voitage output of the
circuitry 16 electrically to the edge, eg by means of a suitable conductive path lria the rod 32 and

_ the disc 34 and a conductive track extending aiong the tubular portion 22.

35 in order to retain the powder within the device when not in use, the upper unit 20 or the
tubular portion 22 may be provided with a removable cover (not sh_oWn) providing a seal for the
powder-receiving cavity 36.
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spraying, a surface of the nmass of particulate material is exposed whereby
electrically charged particles issue fromthat surface via a discharge
out!l et of tweodaedsee. Means may be provided for novi ng ti‘@rlﬁﬁﬁoﬁis
particulate nateri al (either by displacement of the mass within the

cont ai ner or reservoir or by displacenent of the container or
receptacle) so as to conpensate for the fall in 15 the level of the nass as
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supply 82 powering a high voitage generator 84 under the control of user operable switch 86. The
hdusing 80 includes a powder-receiving cavity 88 adjacent one end and voitage is applied to the

25 interior of the cavity 88 via a conductor 90 connected to the high voltage output of the generator
84. The cavity 88 is open at its upper end but is sealed when not in use by slidable strip 82 of
flexibie material (eg a suitable plastics materiat).

The strip 92 extends down the side of the housing 80 and is formed with a notch 94 for

registry with the thumb of the user. By appropriate manipulation with the thumb, the strip 82 can

30 be moved reiative to the open end of the cavity in the directions indicated by arrows A between a
sealing position as shown in Figure 6 and a spraying position as shown in Figure 5 in which a hole
96 is brought into registry with the open end of the cavity to expose the powder. If desired, the
actuating strip may be biassed, eg spring loaded, to the closed position shown in Figure 6. The
actuating strip 92 is coupled (shown diagrammatically) with the switch 86 in such a way that

35 energisation and deactivation of the generator 84 is co-ordinated with opening and ciosing of the
upper end of the cavity in response to manipulation of the strip 92. Thus, for example, the
arrangement may be such that the generator 84 is not energised until the hole 96 is fully
registered with the open end of the cavity. A conductive area 98 may be associated with the notch
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arr angWeev10as% be such that discrete quantities of toe/qEdsbragl ate .
material are nade avail able for spraying. For exanple, operation of ~ the
device may involve separating a portion of the particulate material from
the main bul k and the application of high voltage to the portion so
separate the particulate material may be stored
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verti Cal S%tsh;%?y H pow%nng a ﬁlgh vol{age gegeratorql’fat unJ’er the control of user.operabie
15 ~ switch 116. The housing 110 receives a strip 118.comprising a series of iengthwise spaced
capsules 120 of powder. The strip comprises upper and lower layers 122, 124 of material such as
foil between which discrete quantities of the powder material are ehcapsulated. The upper layer
122 at least is composed of a material which wil readily rupture whilst the lower layer is composed
of or includes at least in part material which is conductive or "semi-conductive" so that the high
20 voitage can be applied to the powder within each capsute. In the illustrated embodiment. the lower
layer 124 includes conductive sections 126 each in registry with respective capsules 120.
Means (not shown) is provided for feeding the strip 118 in stepwise fashion past an opening
128 so as to bring each capsule 120 in turn into registry with the opening 128. Aligned with the
opening 128, there is a piunger 130 which has a central core 132 of conductive material
25 Cconnected to the high voitage output of the generator 114 and at its tip a conductive terminal
portion 134 connected to the core so that the high voltage is conducted to the terminal portion
134. The plunger 130 is movable towards and away from th.e opening 128 (arrows B) and the path
of travel (arrow C) of the strip 118 extends between the piunger tip-and the opening 128 so that,
when a capsule 120 is indexed into registry with the opening, movement of the plunger 130 makes
30 contact between the terminal portion 134 and the section 126 and forces the capsule upwardly
causing the upper layer of material to rupture thereby exposing the powder as shown in Figure 8.
By appropriately co-ordinating movement of the sirip 120 and plunger 130 with energisation of the
generator 114 (alt of which may be effected in-response to operation of an actuator coupled with
the switch 116), exposure of the powder in the vicinity of the opening 128 is accompanied by
35 application of high voltage to the powder via the core 132, terminal portion 134 and capsule
section 126 with consequent spraying of a discrete amount of powder.
Referring next to Figures 9 and 10, in this embodiment discrete quantities (slugs) of powder
are separated from a store within the device and high voltage is applied to the slugs. As shown

12



Figure 3 is diagrammatic view of a second enbodi nent which is designed for
sprayi ng powder in a predom nantly downward direction: Figure 4 is
a vertical Weee#104%0 t hr ough t he device of Figure 3: Fi gur ®Cr/GB9582218

di agrammatic view of a spraying device for use in the application of for
exanpl e 25 powdered personal care. and hygi ene products; Figure 6 is a
vertical section through the devi ce of Figure 5 Figure 7 is a
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stands. For I vorae ddfergior.t Ne bottomwall 12 of the base unit includes
a plate 13 oiﬁnntgearélg%ﬁ V\}'ll ch is electrically conductive or of materi al
whi ch has The upper end of the piston 144 mounts a cup 146 so that, as the piston moves from the

retracted position to the extended position, it isolates a slug of the powder as shown in Figure 10.
The high voitage output of the generator is coupled to the powder contained within the cup 146 via
15 lead 148 and conductive core 150 within the piston 144. Operation is co-ordinated so that the high
voltage generator is energised when the piston has peen extended to isolate a slug of the powder,
which is then sprayed under the influence of the resulting elebtrostatic field. A cover (not shown)
may be provided to seal the powder within the hopper section 140 when the device is not in use.

In a modification of the embodiment of Figdres 9 and 10 (see Figures 11, 12 and 13),

20 instead of the piston passing through the powder in order to collect a quantity thereof in the cup
146, the piston 160 may move within a bore 162 formed with a lateral opening164 communicating
with a store 166 of powder. When the device is hot in use, the piston overiaps the openirig 164
(see Figure 11) and thereby prevents feed of powder into the bore 162. When the device is
operated. a user operabie drive mechanism (not shown) is effective to initiaily retract the piston

25 (see Figure 12) so that powder can enter the cup 168 at the leading end of the piston and then
advance the piston to an extended position (Figure 13). When the piston is in the latter position,
high voitage is applied to the contents of the cup (via a conductor 167 passing through the piston)
td effect spraying, operation of the high voitage generator being suitably co-ordinated with the
drive mechanism. On completion of spraying the piston is returmed to the position shown in Figure

30 11. _ '

Figure 14 illustrates a device for spraying of medical or pseudo-medical formulations in
powder form into the respiratory tract. The powder to be sprayed i; stored in capsule form, the
capsule being ruptured to expose the powder when spraying is required. The housing 210 is
designed so that its leading end 211 forms a nozzle portion suitably dimensioned for registry with

35 the nostril or mouth (depending on whether it is to be used as a nasal or oral applicator). Openings
234 are provided in the housing to atlow air to be drawn into the housing to the opening 228 when
the user inhales. The housing 210 (shown in part only) accomodates a dc battery supply 212
powering a high voitage generator 214 under the control of user operable switch 216. The housing
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sone degree of conductivity. The base unit 10 houses a | ow voltage battery
supply 14 for powering circuitryl 6 for producing a high voltage,

t ypi caMN@96043%he order of 8 kV or nore, under tHe 5 contcuiGBIs/OZ2I8SEr
operable switch 18. An upper unit 20 is nmounted above the base unit 10 and
conprises a central tubular portion 22, the upper end 24 of which is open
and the | ower end 26 of which is rotatably engaged in the base unit so
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In each of the embodiments described thus far, the voltage generator is powered by a low
voitage source and serves to convert the low voltage into a low current, high voltage output. in
each case, the high voltage generator may instead be a solid state voitage generating device -

30 which need not be powered by a separate power source. For example, the generator may
comprise a large array of discrete voltage producing elements, eg photovoitaic elements, which
are serially connected to produce a high voltage output in response to irradiation by light or other
electromagnetic radiation such as infra-red. The array may be arranged so as to be exposed to

" ambient Iight, eg by locating it on an external surface of the device (e.g. as dépicted by reference

35 numeral 328 in the embodiment of Figure. 1) or by locating it intémall_y_ adjacent an opening or

window iform'ed in the housing of the device. In this event; each of the devices illustrated may be
" provided with a movable cover which, when in plak:e. shields the array and when removed or
dispiaced from the shielding position allows exposure so that voltage generation is then possible.
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the disc 34 and a conductive track extendi ng. al ong the tubul ar portion 22.

35 In order to retain the powder within the device when not in use,

t he upper woig6/184590r t he ‘tubul ar portion 22 may be provipefchvésres
rTenovabl e cover (not shown) providing a seal for the powder - r ecei vi ng
cavity 36. 10
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necessary, an opticat device such as a lens may be associated with the LED 340 to ensure that
the radiation emitted is uniformly distributed over the array of voltage producing elements.

15 in each of the embodiments described with reference to the drawings, it will be understood
that the arrangement be may such that spraying is suppressed until the device is brought into
appropriate proximity with the target to be sprayed. The extent of proximity appropriate will tend to
vary for different applications. For instance, if the device is intended for use a cosmetic applicator
the degree of proximity will tend to be closer than a device intended for use in the applucatlon of

20 domestic cleaning agents. Proximity control may for instance be provided by means of a
cylindrical shroud (or other potential gradient attenuating means) encircling the zone from which
the powder is to be sprayed and carrying a voltage such that the local potential gradient is
attenuated. at least until the device is brought into close proximity with the target to be sprayed at
which time the close proximity of the low potential target (eg at earth potential) wiil serve to

25 intensify the electric field local to the exposed surface of the powder mass and permit the
commencement of spraying. The voltage established on the shroud may be produced by stray
corona discharge generated by the high potential preserit or it may be positively applied by -
connecting the shroud to the high voitage generator in any convenient manner. Proximity controf
may altemati\iely or additionally be effected by appropriate selection of the voitage applied to the

30 powder, ie insufficient to develop a spray until the device is brought close to a low potential target.

One application where pfoximity control can be advantageous is in the spraying of
insecticides. In such an application; the device may be arranged so that spraying is suppressed
normaily but is initiated in the event of an insect such as a housefly passing close to the location
at which the spray issues, the presencé of the insect being effective to intensify the electric fieid

35 and cause discharge of powder which will be attracted to the insect. The device may be provided
with means for attracting insects, eg the powder may be one which. in addition, to acting as an
insecticide produces a scent or smell effective to attract insects or the device may be arranged to
emit radiation to attract insects, eg in the dark. '
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| ocate the disc 60 in a sealing position to prevent powder flow fromthe
cavity 58 when the device I's not in use. Such neans may be
coor di WQ A0S h- oper atiron of the high voltage generat or pgqygpo 102218

that opening of the cavity is acconpanied by the application o voFtage to
t he powder, or vice 15 versa. In operation, spraying is effected
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sui tabl e surfaces. 0.04 to 0.063 mm (Product N 836%)" | N9 now to Figures 5 and 6,
the device illustrated I s sul ta"? e, |ﬁ't er "all'a, for 'spraying

personal hygi ene and 68 tP-@Mm (Rrodupho.738®i ng 80 of the device
accommodat es a dc bat t0e2 tp 0.5 mm (Product No. 7733p/ppl y 82 powering a hi gh vol t age
generator 84 der the control of user operable switch 86. The

housi ng 80 i ncludes a powder-receiving cavity 88 adjacent one end and

vol t 3@e i s appeqrespherisat §5caluminium chlorohgdratersuppliedby of the cavity 88 via a

conduct or 90 mReNeizasd. 285 EMdbravenl ' er at or
84. The cav'ht%' 88 Ls e‘? at it Q@eﬁ@‘e&iﬁ?hﬁtﬁ?wgerggggg\%ﬁgn not in use by

] its. upper ¢ " SE
sli dabl e st %3‘2"‘8?""?835'9"9" to ‘.’"P-‘°'¢Dg'f’¥'@5!¥ frnwrol, 4 cWindrigal euppoppasediofib| e
pl ast i cDelnm(heighti$§ mm. inside diameter 38 mm and outsifeaiigntetera4 HampPudsites intkandhy t he si !e

ot ¢ R St S\He bise i dnd ke Bl th 6" chlupiog! ol e ¢ hun, ¢ o
stri p° 9¥eTicghand its open moutlpresentee yiwardhe| Tae elpstrads was somsetad.dydneshs otan cavi ty
i'n the HTcatié itothe outpdi sfathigh Vaitage deawratof(ApplietaiBvaits KS 30/26P). The cup waSal i Ng
0" whi ceed i alis safiblt of itg Berhahled s e iR by ad] p iohDhaas wes open
end of #Rplediaihe gleqtipde. Sysasssiulsprayina@ethe ppwdetewas ehingdty adjusting the
aﬁt uat i vgtagé. The vaﬁ}g_el_ Eﬁs tnen agjasted @il & Béridhign Wasesined V_ﬂ!é_i‘%gle Ghifge %FOZ it ﬁ”
i 2o bt B iFesholg o iich partiles ware ghsenvadifihe, i 3} backiahiing, o be propeiss
ener gi s#am the cupdndecibesecanditionsoit wasfoungthatrifeanmbjedtlis bouga ameltheaickity oi t h
openi NGha BFencrhéliih BEhe Eug, tHR presence of the obbegi i _ ntlfagse%astem?ctﬁl@f%mfuéen
response _to nmani pul aiil n of the strip 92. Thus, Tor exanple;, "the. ™ .
ar r angeTEHIng g sﬁé"%ﬂc"ﬁ'“ﬁ Tl o ﬂ@'dé’éﬁg irignsifieglay the intrgductipn:pfA Rreximatgt i | ¢ he
hol e 96objest atubw potentiai). _ registered with the open end of the cavity.
A cogguct i V&p%ﬁﬁn@nt?ﬁwd?@é’ls@ﬁdi@ﬁéé)ﬁkMeﬁ%ﬁappllogl?ca%Brctﬂ:ality spraying when
used alone can be made to spray more effectively when mixéd vo_iit_h a powder havihg better
spraying qualities. Thus, for exém_ple._a pure a_l'uminium chlom_hydratq_gréde (Miéro-dry.' available
from Reheis inc) having a resistivity of about 1.3 x 10° measured by 't'he_ technique described
below with reference to Figure 18, was founq to spray poorly even'when t_arought.close to eaﬁh
30 and tended to be dispensed as large aggregates. However, when mixed with silica gel powder
(size range 15 to 40 microns), eg. in a wiw ratio of 75% aluminiijm chlorohydrate: 25% silica gel;
the mixture was found to produce a fine even spray; The resistiv_ity.of the mixture Was méasured
as 2.4 x 10" ohm.cm using the method described below. |
_As mentioned previously, resistivities as referi'gq toin th'e context of the présent_invéntiOn
35 relate to the resistivity of the packed particulate 'mat_eria_l. ie buik poder reSi_s_tivity. as opposed to
the volume resistivity of the material per sé. 'The bulk pqv_vdei rés_istiyiigy may be 'measdred in the
following manner, using a powder-receiving cell as shown in Fi§ur_e 14. The 'c':en' 200is genefall'y
cylindrical and is closed at each end by an electrb_de_ 202, 204 by meéns of which th_e cell, filled
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WD 96/ 10459 ' :
PCT/ GB95/ 02218 94 so that earth connection for the electrica
Ci rcuit i sWnesIMMs®N t he users thunb i's registered wi t h PdTRGEYSj08s
Where the device of Figures 5 and 6 is intended for use as an applicator
for personal care and hygi ene products, it wll often be desirable to
enpl oy a voltage such that, with t he generator energised and the

wd 5 b
DOTE TGl on Wi el eag%e%SwE'ES aBip A AC b8 sfler U Walreth i Eofiglc prpogi O™
devi ce is brBsidghB90S, obtainati¢ from Fpmems@mmm@umasRa&@ocmmegméNsﬂtSasm be
sprayed, eg ghg ﬁHa With 6rig%f e elfrdaed PaRGVEL e cellis iaaséa,hmeawnu kR golvadrifd mwder

to be dischar for instan in.the ¢ e shadow i cat or
e o b ebatedy 15Hed BT 8 AUEA 10 Bl EOTSplaon.of e PhnEeC oL TRy Wher SRS o oo
out | et of 5 the gdwelecip pbsectida have ceadeldi the srargs df powtierin thie eetbis tapped ufpentis siighiyed.

i B BolRe oS hing b4 S st el UE vl PHERTR R B 41 2

recept acI e g’r cavit ures e an

al t er nat i ve deetpoiiade and the celbis eiRsedry reriaging the gleg@de Thes!‘fﬁ'%%ﬁ of the §9‘0)¢9éd in

capsul e for hclbded befeen iR eRrirtdes igtAén/inBabuled Wing @feead bﬁugﬁ@mei fle ridBired PaIGY/isNJ
is required. As in previous enbodinents, the hou5|nﬁ 110 (shown in part

onl'y) acconsAByesed 1o qjbulk powdgCIesistivlY. e, i5ing the SandaidPMA: o hi gh vol t age
generatomoll4 under the control, afraser operable 15 switch 116. The housing
110 receives a strip 118 conpr|5|n a series of |engthw se spaced

capsul es 12@hgfe %Weaw resigtange LIRS il istae aig danoth{(am) eftks plugigfnowderipthe 1 54
of material cabgiy AR the crodsettidnaitanerdt thd powdeshiggcar)e quantities of the
powder material are encapsul ated. The upper |ayer- 122 at. least is
conposed of a material which will readily rupture whilst the |lower layer is
conposed of or includes at least in part material which is conductive
or "seni-conductive" so that the high 20 voltage can be applied to the
powder within each capsule. In the illustrated enbodi nent, the |ower .

| ayer 124 includes conductive sections 126 each in reglstry with respective
capsul es 120. Means (not shown) is provided for feeding the
strip 118 in stepw se fashion past an opening 128 so as to bring each
capsule 120 in turninto registry with the opening 128. Aligned with the
opening 128, there is a plunger 130 which has a central core 132 of
conductive materi al : '
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25 connected to the high vgiktag out put of the generator 114 and at its tip "~
a conductive term nal ; ORRAE ed to the core so that the
hi gh v&tesge4s9s conduct ed 8or)li on 13@8&656&2% gger 130
I s novabl e towards ¢ =t n|n928(arrows B) anc{ e path
of travel (arrow C of the str between the plunger tip and

e CTTHERS
t he open| ng 128 M“IH a capsul e 120 is indexed into registry
nd

W th th pl unger 130 makes 30 contact between the
term na |on 13 a he' section 126 and forces the capsul e upwardly
causi ng it he Aupethod tfapaymobammme rmaakerials comprisingaapplging @lmighaopayeito @ mdss oppowder

as showgg ,ﬁatgﬁéi ?}-{Jsﬁ.cﬁa way as @etﬁﬂﬂ:ﬁ%hh@%?ﬁnctﬁ?& tﬁ]nlﬂtteh&%ne nefeﬁ S%Ie fothe

strip 120 an % ener gl 14 (all
of whi cH’°ﬂH‘§'°B€“€F %’3?’%%13"@{ froBL$h®asS: 0 operation of an actuator coupl ed

with 5 2 the methédds claimpd incOlgiasLinevhith thid ¥prayPgidtfectad il We Ybsehtd spanef the

openi ng | on of high voltage to the pomder
via t he"%'E‘?‘ééqﬂg,ﬁp?@%@gﬁyﬂgﬁ'caggﬁ?%ﬁh capsul e - section 126 with
consequént #éynethedas dgimed ini Waimet o 2inwhich thefhighomiiage. is applied to a staticiRedseof i ng

next t os#ig gariefiatd makdail O, in this enbodi ment discrete quantities (slugs) of

28‘8’??; d4t o ?ﬂ@e@?‘&f ?tuigd {grmowmﬁr?eg tt(tjer grec\:lgdgnrg] clnalrtttshlﬁ w?tﬁ:\t{ Itt?eemgsg%f Qa': Qula\(g It age s

12 10 materiaM©c@didéiMathin a receptacie having a dlscharge outlet at which a surface of the mass

PCT/ GB9 8 fgatically, the store of powder is in the form
of a ho%%ﬁ%egtﬁegﬂdawsigg gaat ed wth the "housing 142. As in the

enbodi mént s AJBYRGY 35pIMBdinAnY PRROTTARIBE A (o 4inculishsatayiag iseflested substantjally (

without any accompanying corona discharge.
8. A method as claimed in any one of Claims 1 to § in which the particulate material when in
15 the form of a packed mass has a bulk résistivity less than 10" ohm cm.
7. A method as claimed in any o'ne of Claims 1 to 6 in which the particulate material is
sprayed without the assistance of a gas flow. . -
8. A method as claimed in any one of the preceding claims in which the applied voitage is
derived from a voltage generator comprising a large array of discrete voitage producing elements
20 interconnected to produce a high voitage. '
9. A method as claimed in any one of the preceding claims in which the particulate material
comprises a mixture of two or more particulate materials having differtng resistivities.
10. A method as claimed in any one of the preceding claims comprising effecting suppression
of propulsion of particies from the bulk material until the mass of material is brought into the
25 proximity of an object or target towards which the particulate material is to be sprayed.
11. A method as claimed in any one of the preceding claims in which the high voitage applied
to said mass of particulate material is bipolar whereby the particies issue from the mass as
successive sprays of negatively charged and positively charged particles. _
12. A device for spraying particulate material, comprising a receptacle for the material to be
30 sprayed, a voitage generator for applying high voltage to the mass of particulate material, and
means defining a dispensing location from which electrically charged particles issue from the
mass in use. |
13. A device as claimed in Claim 12 in which the applied voltége is such that, in the absence of
the particuiate material, substantiaily no corona discharge occurs. o
35 14, A device as claimed in Claim 12 in which the applied voitage is no greater than 25 kV.
15. A device as claimed in any one of Claims 12 to 14 in which the device is in the form of a
seif-contained unit comprising a housing which is suitable for hand-held use or is readily portable

using one hand. ' R
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suppl y powering a high voltage generator_under. the., ntrol of user operable
Sswitch (not shown). A pi st on Efext e_n" .,t 1 an opening at the
base of thavone@mase section 140 ang T&Ss ‘“]‘,' : int ed W tpgTichdiR2218

housi ng for novenent between a retjrac i gur H

ext ended position (Figure 10). I\/Eé’m shown) is provif

| B -

piston to its ext ended position in response to opera
actuator whigh is_ also c controll ? eratlon of

the generatof. SyOfVIERAS 'ﬁ%‘ﬁ“‘ér‘% 8"ec‘§rﬁ§?"8F ﬁl 18 15ipglyding a,yser ?R@ A)atas for

al t er nat i vel contrdliing apamn@mcbdidsmgtcémeanﬂpemﬁgl autiktifrom werdchttie particigate matedaltisbl e
bi assi ng ”ead?%hncé Bgh as 10 spring loading, on release of a user controlled
act uat or whi ‘al so control_ operation of the hi gh vol t age

gener at or . A device apiciaimeshie Claim 4 6 iy whigfthp petudipr aiso/copiis ereratiop gpthe Aighs o

that, : as tsh a,onagetgbtaemv Qﬁel dridgerhérR being stichithal GpératidA QS thel afiafoPis efBctRd idandﬁd
osition, es a s sho

EI gh vol tage @B%? °'Eﬁ“"19r?éH‘ge“ﬁng%?'}?r"%ﬁé*dwd‘h85?’8‘&?“0%}1"8"?&5’%?8?'3%nt ai ned

within the ci8p lAdevidecasthirhessin Clai 1600 1T iprehichithe/actuator corhigsesa mitivable kiement

pi ston 144. csnﬁum@oeemhgﬁamsﬁbm@epemgttm eghﬁcnhwm terial .e/a&{na%& Qaiger at or

I s energi sed when the piston has been exten to |so
powder , ejament, beiag ?“n@ﬁ‘"ﬁ?i’r a5 18 ge movhle bythe “FH'I"‘(!P%E‘E"'EH "‘F qeviceia the 'F‘ﬁg
el ect rosti@t i19. f i ebeice/ascimimed if any oft1amB )2 to 15 lﬁﬁydlﬂiyaméérﬁ\fd:rfbﬁﬁarEMQ%%hmh lae

wd hi
e o 11 dli bbb plen HEi B8 malh bl W koA A e iR ot Prei o amptyins
and 13), 20 the\kigkyeitage torthe:pastion serseparateing t hr ough t he povvder in order to
col lect a quantif yevidassRRimddina omlsxms 1zml@mcua raeﬁs@a stdeflg th)paHieiste

W|th|nabore1 forme enin co ni ca th

a store 166 GHe aﬁgpara%nﬁ%rﬁtﬁgqu@(ﬁ E'e?’?pf P HQ?P;"'@S"‘E 5%‘%9%99'%@&%@3

t he openitsg dispénsing lodatierearid mpeans fdr Bpplgingl thelhigha/oitagene eaontsuch disalete uantitydehen

into the bor, |§t§r%d W%&sﬁﬁsﬂ@%é‘aﬁods operated. a user operable drive
t

chanlsm(no s e ive to initially retract the piston 25 (see
Figure 12) &4 trﬁaﬁe\mﬁaéla"e%n&'ﬂ'@ﬂ(’fw@h'enﬁ'dms‘-rﬁ'eqw&"ew&ma%ga'e% of the
pi ston and tdneapsulatedadwmm i provided fop BpénihgdR N the @nEepsuiating ndtériaat'said 1 3) .

W h : : )
nen L1 P! Sk bl A A s o A SR T
to eff ectzospw&ggertgthe@pemwmﬁrr@lsswméfemsgmmm tage generator being suitably

co- or di nat echowi tlhdém as clanrﬁ'éd .Heuquhm,ﬁm th&artiliié Matens |9§n039§1ﬁ{éd19at he
pIStOI’lIS returne osjtion sh

" T ust  areetedst gels cois s PORhe ApR Aipac = picea o iesiaa i getisupcssgivel o sid ©
f or mul at i ondisprnsing logationiatrwhichreach celids ogened epptust ang attwhichitbe Ripievoltagelisr t 0

be sprayed igg mﬁé«% g{ﬁ rhdbs GPEhtdpstiatedl Merd? fhus s magé apﬁydn@f&@b.aa%g. uptured to

expose t he po A devue:en asS aru%ecli Pnganly%né gf ullalrm% 1210 22 mclgclijlr?gl an ﬁousmg plro%ided with a
nozzle portion which is suitable for reglstly with the nasal or oral cavity and defines a passageway
through which, in use, air can be drawn by inhaiation on the part of the user, the nozzie portion
being associated with said dispensing location so that the material is dispensed into said
passageway whereby, with the assistance of user-induced air flow through the passageway, the

30 paltiéies pass through the nozzie into the nasal or oral cavity.
24. A device as claimed in any one of Claims 12 to 22 including a housing provided with a
nozzie portion which is suitable for registry with the nasal or oral cavity and defines a passageway
into which, in use, the material is dispensed whereby the particlés pass through the nozzie into the
nasal or orai cavity. ' |

35 25. Adevice as claimed in any one of Claims 12 to 22 including a housing provided with a
nozzie portion which is suitable for registry with the nasal or oral cavity and defines a passageway
through which, in use, air can be drawn by inhalation on the part of the user, the nozzie portion
being associated with said dispensing location so that the material is dispensed into said
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designed so that its |eadip
di mensioned for registry \
it | sWoHw4ssed as a nasy

g end 211 forms a nozzle portion suitably
T oe=the or nouth (dependi ng on whet her

59r) . Openi ng&:T/Glsss?o%ﬁsar e

provided in the housing t&sall of awn t he
openi ng 228 when the user freess=g e hpusi ng : !Hrt only)
acconodates a.dc battery suppl y 212 -ribri ng a g erat or
214 under the (of0) f user er switch 216.: The hou5| ng

13 passag g@the assnsta ce 0 user-lnduced air flow through the passageway, the

PCT/ GB9ﬁdﬂm1;ﬁssmroughthe ndidle intothe nasal ar osdl cayky218 conprising a series of

| engthwpge ﬁ%‘h@é’a élétr?rblb ﬁﬁ:l%ﬁ&ﬂ{]r Wﬁ%&] tn%ﬂ{éevensm V\Eﬁ Lsﬁ?]&gcr g%'ge%ﬁ‘ gtPpPeT

and | ower |ay erso mat eri al suc quantities
of t he tﬁe\fmardmrrvafmrr@zeﬁe@m@rul ated. The upper layer at least is

conpaossegy, of Aaeﬂaé ﬁdlﬁlneml ahb one of C|mrisl12rt@261hbma:ﬁg19h¢|a& f9Mbdafing 4 &Scrétewer

| ayer is conp Pt?\ s{ E i thH | art mat eri al which S
conduct J4pRUY OF the 2k 3(98715'& ?Ye’ YL %&enstl%o a?r vol t age can be appl ied to
t he poerBar Avdevicmas claimed inciny oagpefiftiaims|9rio 2Tin whidhiBe veitage geneataipavides at he

| ower Siar d udes conduct ive secti ons each in 'r egi stry with
respectrve capsul es (not shomn rovi ded for

f eedi ng2% heA Sfethod oﬁ;gawg @%W?@t'qa%?ﬂ@ﬁmﬁé%“ﬂ'ﬁe tS'rﬁ?ﬁch'Q e form ipteghe; 5 a5 to
bri ngp esusb of mpsthiloea dsH) comprisingrappiying high Yoitdge Yo Avirials drivodperane sigstdrde in A

T h Bt SR S8 o el s R hEtd g, 000110
coor di neti né methodas ﬁlﬂ"?ﬁd i ﬁ- ing 29 insluding eatraining the Q'Bﬂf@ﬂji pagiclesin amair flow ‘
-induced by inhatation on the part of the user. -
31. A device for producing a spray or stream of electncatly charged particles comprising means

15 defining a location from which said spray or stream is generated and a voitage generator for
productng high volitage between said location and the surroundings, the generator comprising a
large array of voitage producing elements interconnected to produce--a high voltage.

32  Adevice as claimed in Claim 31 in which the generator is a solid state device.
33. A device as claimed in Claim 31 or 32 in the form of an electrostatic spraying device

20 comprising an outlet from which material to be electrostatically sprayed can be discharged, the
outlet being associated with said location and the array of elements being interconnected to
produce a high voltage sufficient to effect electrostatic spraying of material from the device.

34. Adevice as claimed in any one of Claims 31 to 33 in which the voitage generator produces
a bipoiar output.

25 35. A cartridge for use in electrostatic spraying comprising a container, a mass of particulate
electrostatically sprayable material in the container, the container having an opening at which a
surface of the mass of maten‘al is exposed in use, and means for conducting high voitage from a
source external to the container to the mass of material therein whereby, in use, high voltage is
conducted through the mass of material to the exposed surface with consequent projection of

30 particles from said surface. :

38. A pack for use in eiectrostatic spraying comprising at least one cell in whnch a mass of
particulate electrostatically sprayable material is encapsulated, the-cell having a wall which is
removable, pierceable, rupturable or otherwise arranged to allow exposure of a surface of the
enclosed mass to the surroundings and means for conducting high voitage from a source external

35 to the cell to the mass of material' therein whereby, in use, high voitage is conducted through the
mass of material to the exposed surface with consequent projection of particles from said surface.
37. A pack as claimed in Claim 36 comprising a plurality of said celis.
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mnth energi sation of the generator 214 (all of which may be effected in
response to operation of an act uat or coupl ed with the switch 216),
exposure ofWOlReI@Stder in the vicinity of the opening 228 is pcrigBosn2218
acconpani ed by application of high voltage to the powder with consequent
spraying of a discrete 15 anount of power- into the passageway in registry
Wi th the users nose or nmouth while the user inhales. In a nodification,
t he device may include neans for detecting the air flow created by
i nhal ati on on the parE: Lﬂe user and such neans may be effective to
initiate the above de F operation in response to inhalation by the
user. In genefal, the dispensing outlet will be | ocated upstream
of the forward extyem.ty ‘of the 20 nozzle portion in the direction of
airstream flow i nducg hal ati on on the part of the user. As t he
spray is generated ozzl e portion, at least a proportion of the
gs Wi |l have a tendency to deposit on to
W || be at | ow pot enti al when
| i ps. Deposition of particles on the
Ned by fabricating the nozzle portjon
at an 25 electrical charge can build
up on the nogzl e surface durlng sprig\i ng thereby repel ling deposition of
charged par | es on the surface. In each of the enbodi nents
descri bed t’u far, the voltagelgenarigtor is powered by a | ow vol t age
source and gefves to convert thg lo oltage into a | ow current, high
vol tage outfpyt. In each casqg, thgellhigh voltage generator nay instead be
a solid stg vol t age generating dev| {JaeBD Whi ch need not be powered by a
separate pgydr source. For exanple, tRe generator may . conprise a large
‘array of difs i enents, eg photovoltaic el enents,
whi ch g oduce- a hi gh voltage output in
response tg her el ectromagnetic radiation
such as inf =iranged so as to be exposed to
anbi ent |i g8 loext ernal surface of the device (e.g.
#8Yli n t he enbodi nent of Figure 1) or
openi ng or wi ndow forned in the

t he nozzl e portjf
cont act ed mqth

-red. The array may| be
eg by locating it] on

housi ng of \{ of the devices illustrated may
be pr ov oeﬂ with a novabl e cpver i ch, when in place. shields the
array and ok i ed fromthe shielding position allows
exposure X N is then possible.
14
Fig.2.
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WD 96/ 10459
PCT/ (3B95/ 02 N Figure 15 shows an alterative arrangenent
which is app PeUM® (o each of the illustrated devi ces. 3 ﬁ@/
arrangenent, irradiation of the array forgépg the generator 3 g BP&UFded
by a radi ati on produci ng device such alight emtting dlode (LED)
340 formng part of a | ow voltage circuit including user operable
switch 344 and | ow vol tage source 341, eg one or nore |ow voltage 5
batteries (which may be rechargeable). The | ow vol tage CIFCUIt and t he
generator 328 have connections to earth through a_ya 2

devi ce housing 314. The connection to earth may
that wall with an earthed s n which tho=#
contact with the hand of a ﬂzﬁgj g? ,-///
effective to energi se and _de- ener;/
irradiati on of the phot i
closure of the switch servw
current, high voltage out put
use this voltage is appligd
material to effect el ecta
optical device such.as fa lens may be asso
t hat theradnﬂiojemttedl
vol t age produgi ng ./wnts 15
with reference’t
arrangenent be— ?
brought into_——-
extent of proxi
applications, £or
appl i cat or he
i ntended for e
Proximty contro

t g

ypi cal |y of
via | ead @

ord_L£ vary for different

z#¢€ IS intended for use a cosnetic
s ty will-tend to be closer than a device

S appllcatlon of 20 donestic cleaning agents.

for instance be provided by neans of a

Fig.4.
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cylindrical shroud (or other potential gradient attenuating neans)
iencircling the zone from which the powder is to be sprayed and carrying
‘a wol tage Wx96/10u5% the | ocal potential gradient is at t ePOBGBIS/ORAS

| east until the device is brought into close proximty with the target to
be sprayed at which time the close pr3pFimty of the | ow potenti al

target (eg at earth potential) wll serve to 25 intensify the electric
field local to the exposed surface of the powder nmass and permt the

commencenent of spr ayiEg. Tg vol t age established on the shroud nay be
produced by stray @90 gi scharge generated by the high potenti al
present or it may be positively applied by connecting the shroud to the
hi gh vol t age generat?r n any conveni ent manner. Proxinity control may
alternatively or a\ﬁi_:_\ be effected by appropriate selection of the
vol t age applieg (e 3T wder, ie insufficient to develop a spray unti
the device is 70 N0 a | ow potential target. One
application wheye pro } {ntrol can be advantageous is in the spraying

of i nsectic
t hat spraying if§
an i nsect such g4
spray issues, t

application, the device may be arranged so

normally but is initiated in the event of

sing close to the location at which the
i?iggct being effective to intensify the

electric field 3§ arqe of powder which will be attracted to

the insect. The {avic \ i ded with nmeans for attracting

i nsects, eg the ppwder ‘ J\mhich, in addition, to acting as an

i nsecticide prod \‘\-II effective to attract insects or the

device may be arr g : radiation to attract insects, eg in the
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In" experimental work, we have been found that a variety of materials such
as silica gel crystals, alum nium chl orohydrate particles, brown sugar
ang white WM2/104%8%n be nmade to spray satisfactorily. MpCE/GB95/02218
specifically, satisfactory spraying has been achi eved using:

Merck Silica Gel 60 in the foll ow ng sizedfanges 5

0.015 to 0.04 mm (Product No. 15111) 0.04 to
0. 063 mm (Product No. 9385) 0.063 to 0.2 mMm
(Product No. 773#- 0.2 to 0.5 mm (Product No.
7733) | «10 Macr ospherical 95 al um nium

chl or ohydrate supplied b?% Rehei s Inc. 235 Snyder Avenue,
Ber kel ey Hei ght s, ‘, %y 07922, USA In an experi ment
desi gned to expl Il“ oximty cont roI a cylindrical cup conposed of
Del rin (height /
fitted i nterna

mounted with tf = w;‘ nal axis of the cup 15 vergdadsCal sand its open
nout h present =1 W ‘ The el ectrode was connectefthr'l g,ans of an

HT cable, to " : aqfpgh vol tage generator lied Kilovol 15

30/ 26P). The , ; hen filled wth various sarrpl es aof srll,(a ge
particles (a dheciff xgv and a high vol tage was ‘ fto the
el ectrode] S \'p A ng of the povvders wag LNeph Dy~-adi LiS Phe
vol t age. e en adj usted until i 2 (s Dl e wher e

the vol tage »~ 20

with the ai o"f bac
t hese condi F/ [
vicinity of ’
suffici entI '
t he eI-ectr|
obj ect at

\d threshol d 7=

W to be pithel IH
dthat if a ‘ -
\m\‘ h of theﬂﬂo thf S
126sprayipe (
S|f|ed by the introduction o
Experi mental work gééo
powders tha produge poof Ity sprayi ng when u
to spray e effedtivel en mxed with a powder having better

spraying qualjties TTHUS far exanpl e, a pure alum ni um chl orohydrate grade

(Mcro-dry, ; + $Hom Reheis Inc) having a resistivity of about-

1.3 x 10[ err%he t echni que descri bed bel ow with reference
6 fountif2

to Figure 16, spray poorly even when brought close to earth 30
and tended to be dispensed as | arge aggregates. However, when nm xed with

silica gel powder F|g1o

olect i f
a esult of

hat
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(sfze range 15 to 40 microns), eg. in awwratio of 75% al um ni um

chl orohydrate: 25%silica gel, the m xture was found to produce a fine
even spray. Wol9e/10488i stivity of the m xture was measured FCTIGHIS02218
'10[ err] ohm cm using the nmethod descri bed | ow. As nentioned
previously, resistivities as referred to i'm'the context of the present
invention 35 relate to the resistivity of the packed particulate materi al,

i e bul k powder resistivity, as opposed to the volune resistivity of the

mat eri al per se. The bul k powder resistivity may be neasured in the
foll owi ng manner, using a e eceiving cell as shown in Figure 14. The
cell 200 is generally Fﬁg rilcal afBd s cl osed at each end by an

el ectrode 202, 204 by neans of whyeh—thg—ce | ed

16 WD 96/ 10459

PCT/ GB95/ 02218 wi th ﬂg ' cfed across an AC bridge
such as a Wayne-Kerr Aut omat ;jne B905, obtainable from
Famel | Instrunments, Durban Road, ) efpt Sussex, Engl and.
Wth one of the electrodes rennve;\?},'p FIH. i g bosel y f|IIed with the
powder and then repeat edly tappetgf ¥ isipFace to aid consolidation of
t he powder under gravity. Wen settl|ngl é@e powder is observed to
have ceased, the mass of powder in the ! opped up until slightly

proud of the powder containing cavilbg UHERTIBIuUs is renoved (eg by using
a sheet of paper as a doctor bl ade) and the cell is closed by replacing
t he el ectrode. The resistance of the powder encl osed between the

el ectrodes is then neasured using the AC bridge and the neasured value is
converted to a bulk powderF'iesi sf'gity, [err], using the standard fornmul a:

!

SO ARAAAAARARY,
EMSEN!E!!N!&UNEU&EN@B.'



10J [err] where R is the neasured _
resistance (ohns), | is the axial length (cm) of the plug of powder in the
cell and A WO%AM458r oss-sectional area of the powder plug (crierchdsorzis

6/7

Fig.14.

228 -2

W/

(1),
210
220
218
|-

2345/ 234
.. 2144 \
l=—

+ -
\216 212
- Fig.15.
341 340 | 316 /
v
|_328 Y-—314
V
LA
3447 ¢

e = 312



17 CLAI M5 1. A device for spraying particulate material, the
device being in the formof a self-contained unit conprising a housing
which i's swobeidsgo for hand-held use or is readily portable pgritsgorfagrgand,
and including a receptacle for the material to be sprayed, a voltage
generator for applying high voltage to the nass of particulate material,

t he vol tage generator having an out put wih a power rating no greater than
100 nWand the arrangenent being such that, in the absence of the

o |

B
2
N

202



particul ate material, substantially no corona discharge OC(:UﬁgpNﬁmﬁ;msﬁpgT

vol tage genefator is operative, and neans defining a dispefsing Lﬁﬁgwn@}
- whi ch, during spraying operation of the device, a surface ofnsai

------------------------------

exposed and from whi ch surface, in use, electrically chargéeg=partiektes

| ssue fromthe mass. 2. A device fo+ producing a spray or stream of .
el ectricall e material conprising a receptacle

cont ai ni ng % %@Fﬁ%ﬁ'@ culate material, nmeans defining a | ocation
at which a surf thisinedntiomiethtasede slectrostatipsrayind. n use, a vol tage generator for
produci ng hi gh w4 Qt@%md?’@@%?mﬁﬁbdé:ﬂdﬁlblé‘f& éff@étm@%ﬁeﬁilﬂpeﬁﬁingtd?ﬁqdid Bdbed

vol tage generator to sald ere gs‘fﬁ] ﬁ?{%ﬂé{%l cles
of materi al Matedqle FEr 'B?Fﬁqq?eaeé?@ﬁb@%%ld'W?e&%%’e&w' éa?‘rﬂ?s diseg '
bei ng i n t hparficulay oénvemieretifar ciispensing pesbinal care atdparsonaldwgienmiormudatiogs €9l ar ge
array O 4 Ohldiis Bl doShaieE Bicp Onbh FIoGONRBRaRths! Ao BEind iofodkht d ifiadla.

vol t age. or sprayil ng particulate na evi ce being

in the for nsalid matesial qusmﬁ%wmwm gispenieg in %?W@b'%"q'ﬂ?&éfrﬁbm\ﬂ‘ﬂ‘g terEL yi t abl e
for hand- hel d uaecofding t6 ohe aspettyof therpresiehtdnvestiongheraie proxided adevicaTort spaaying a

le §
L?;ﬁpbgf " :gggrfl%ﬁ{?%mgﬁaggthgbe\}l& l{éﬁgﬁrf’tgxt@go‘?ﬂ of Qséfpt%ohﬁﬁ’@d %&Sﬁ%ﬁﬁﬁg Bﬂéusﬁa@m ying

ef i ni a
di spensi ng Wblsmslsy!fﬁbﬁhww@ﬁe'd@ﬁﬁ’ PM@"‘@B‘W&WT‘?@? Ysingoqe hansh gpd ipgudl ’%&/l ce,
surface of ?e%bﬁaéf@ﬁ)ﬁ thie natefiaP e spraged, & QORagh gerteratarfdrapplying highi saitage to the

R
of materi al thag 10@ olyand therarcangrmentibeing suchythasiin e abssnesef ﬂﬂﬁ partigulsta mateiakr ds

whi (éh t helpiluﬂsiaﬁ‘tﬁi"?fns coBh£dischlarde cdufs WitenIhY voitssé geflerator ié oflérdiiveparitimednsi ned
in Caim

t
openi ng anddefmlarﬂs%f's"?ﬂ@ca%f’% Bte"ﬂg‘?hng'ﬁﬁgs?réﬁnqa&gtjﬂﬁé%éf the Oéﬂgg‘géagrﬁaééuﬁs}g? 'd
mat eri al i s missisleapayed andsfrom whichiswface irf use, eeatrispliyrahanged particiesdsaue ramdhe o |
the device Rgiyg in the formof a seIf contai ned unit conprising a housi ng

which is suitable for nd- he|l d us i's, readil l,e.usi e nd,
and incl udi ng aAf %ﬁpéﬁP@"P@P"t'ﬁéf the phgencept 5&' I@ a]l%) Vﬁ?ﬁ?sg nd%
gener at or f particyite yriategiah Algb higb Moitage istappliedéo ta swsoéf ppwpmlatemaeerel priat @rlssae

means defini P@é@c% ifdg | ocation at which, during spr ay| ng operation of
t he devi ce, ace o sal ‘d mass i s exposed and from wh surface.- in

use, el ectrical IThe useflegrosiatic igidsip the; 'WPBWW@‘%@%“‘%EFI oyn e e. For
operabl e actms&tneé ab @iscu98d in MtérnatipnalFarinnApplicatiorc Na W0 §4/09042H(Baladhapdras eta).

outlet fromuhy g tan?thg%nrté of\?#f)@#%yhe 't e‘%?p'ir§tor§ltr§&%?£rgﬁqalft§e subs(An@foan®8_as

clalrredlnél s operat1 on of
the high vollnf&g@egbnmeéﬁwmf%@%ﬂﬂﬁﬁhﬁjmeB%!'F"('ﬁf%ﬁ\?ﬁﬂﬂaﬁ&{eSH %8i on of

't he act uat Ofintbhatthhbiekdny Applieation No. WO 94/19042 discloses a device in which the substance to be

administered is dispensed in the form of inhalable particles (aerosol liquids or powder) into a

' passageway defined by a mouthpiece of the device and an arrangement of electrodes within the

' passageway s used to impart electrostatic charge to the particles so dispensed. In this way, the
electrostatic charge characteristically imparted to particles on being dispensed from a particular
type of dispensing means can be modified in a controlled manner as they pass through a charging
region established by the electrode arrangement. Such modification is stated to encompass
increases, reductions, reversal and neutralisation of the level of electrostatic charge on the
particles.

With such an arrangement, it is difficult to secure a uniform level of electrostatlc charge on
the particles since the particles are dispersed into the inhaled airstream and passed through the
electric field developed by the electrodes. Particles at different locations in the airstream therefore

tend to receive difficult levels of electrostatic charge resulting in particles with a wide spectrum of
electrostatic charge.



co-ordi nate. opening of the dispensing outlet with operati{ v [
genekator. 7. A device as clained in Caim4, SR%L%C%’\Q mgagm

| the actuator conprises a novable el ement control ling openi
an openi ng through which the material is discharged, said =Yas=Yals z
arranged as to be novable by the user whi | e hol di ng the deV|ce in the hand

8. A devi ce as Ee qrﬁgﬂ,tglene g&*fcaﬁ:e Bl que,ll ggsde],dérgng ahﬁlﬁér'éﬂiaﬂﬁ @shgﬁcg@ég for.

Iocatlng a discre stance in the VICIn
di spensi ng | ocat i Byake up, talcsh "Efé‘!ﬂa Land pgeydo:medicg! fprpulatons fer a@p tgtlTe&ug\an
i ncl udi ng nmeans f pédyshddinggintehaliapadsal andlosdl eavitesier i al as separate discrete

quantities, neansf

di spensing | ocati Sﬁ%ﬂégﬁg@%%ﬁ%%&%&%géﬁﬁg‘%ﬁg sxﬂ%@@fr %%gﬁtr%étéggg Aegs%vgﬂ
di screte quanti tyciaanses, kighes utensis, mﬁaphﬁstﬁ ttﬂP‘@‘i?&%sqeﬁ@"qeéd&iches'lo A

devi ce as cl ai rredd;sﬁfeaﬁmso‘ng,tﬁﬁmﬁt@lana 1 to 7 in which said neans defining

said locatio

rom the main bul REGTaEE P8 s et e R Re® P e | BBt
generator is arrangaﬂdg&)o supply the high voltage to the portion so
separated. 11. Pé?(afn?fe s%?ﬁeadbhwm&?di &ﬁﬁcd&s%ﬁé’ntsf@b%ése%'on atnfa%tn\téewaté‘rﬁl bei ng

in the f f ] ?

for hand- hel ¥y Sﬁilﬁmmw&%i‘ph{?%@ S8} e AT HE G PbfeetR el Fore pEpp T ©
recept acl e favoldtitcorgaicsiiouialvehicie iteeaid pprayingl Jn accardanca yéh therpeesgnidnvention anlyghe/i ng
high voltage, &el-égﬁaﬂ&&ﬁmghé@{rﬁ ¢e§ ‘éluﬂﬁrﬁun‘?@ﬁl&ﬁﬁya}ate)m 488 inddWdertorm. In

di spensi ng ki spraylng eration of the device, a
surface of. staisavmofgve!%ﬂ%&%!P%ﬁeefCﬁb Re RFieHeS ur f ace, in use,

el ectrical ly chamgese appiicatingsf the Biuentibr,aie drfangement maybasich it thetappliedg t he
particul ate ‘g@%@? '8?”%@%?&%)@{"% RstH 6t prdplSiod YAkrcles Fom tHEBUNSmhteial LR #He' NI

each such di
electric field is sufflclently intensified, ie by bringing the mass of material into the proximity of an _

object or target towards which the particulate material is to be sprayed. In other words, the

' grrangement may be such that spraying of the particulate material is substantially suppressed until
the surface from which the material issues is within a predetermined distance from the object or
tarét to be sprayed. The distance involved may vary according to the particular application but
for fnany applications the predetermined distance is typically about 25 cms or less. For some
applications, said predetermined distance may be about 20 cms or less. In some cases, eg
cosmetic applications and other applications involving spraying the body, said predetermined
distance may be about 10 ¢ms or less, and for applications requiring accurate directly spraying, it
may be about 5 cms or less. -

Preferably the material is sprayed from the device without effecting transport of the material
with the aid of mobile gaseous fluid, the high voltage preferably being applied to the mass of the
material while static within the containing receptacle.

Because the particles sprayed from the device are electrically charged, the spray will tend
to be directional because of the earth seeking nature of a cloud of charged particles. In this way,
formation of a "fog"of loose particles suspended in air is substantially avoided. Also, the particles
by virtue of being electrically charged are less prone to being inhaled into the lungs. Moreover,
because of the manner in which the particles are charged, ie by application of high voltage to the

~ static mass accompanied by charge leakage through the mass, all of the particles will be charged




at the di.spensing or applying the high vertage=to c%‘;nl-

such discrete quantity when registeced with the di spensing || BERI-RERMELT SHEET
devi ce as cl ai ned |m| M luﬂﬂu hﬂi whi ch sai d discrete antitigs (m; 1997
material are encaps : eter up queB :

' s provided for openin

t he encapsul ating material at said dispensing |ocation to expose thHe
.particulate mass therein with acconpanying application of high voltage to -
t he encapsul gt gmass to effect spraying. 13. A device as claimed in Claim
12 in which the 'particulate material is encapsulated in a series of cells
coupl ed t ogélt herA dayiceder saraying partieulate materialy the demioe; beigo e fasmiof a seiteantainede| y

' [‘t 3/h 'Salhdt ﬂ'@ﬁ@&f}bri&ﬁnﬁaﬂféﬁéiﬁ@ﬂhi&i is!éﬁltgﬁl? f&?ﬁﬁﬁh-ﬁéﬂ Jise'o‘ﬁisQ%ilﬁﬁorf&blterddﬂé Hf{’\@d_ alnd
a ic | voltage is appli e mass of encapsul ated nmateria
Thus made. aJat e bRuHASE scanBRE or Hip melraB oF 383y « SRR BRI o R G o
mat eri al , t Highditkgedo theimass iohpartinglateomaternid, tie withde-geoeratar haviholani autpobwifivd si ng
a housi ng WhioaBr fafingidl drédtérindnOioo AW AndRb drratRBment beifig S&AdhdtYin BiTabsdtcE otthé O
one hand, and J@C| udi ng, a receptacle for the material tové);)e S ra%ed, a

Vol t age. gendiCHAe AT, Sy AR AG FOT9PA SRR GouRER 216 \GRagR OB 1 o

mat eri al , aroperatiem andiméansidefiniag aldisgensisg logation abwhichndaing spriaying ophiation gf the
sprayi Nng Op€{sdiks i | i ' i d
£ Fom whi oh SEvps ¥huftd & allMeKE & oufbedl AR Maftiioo o el Pagdl .
mass, sai d rReAiqes insee FamEednass | ocati on being operable to separate a
portion of the padéviceddraraduciag aspray of stream ioheledwitially dhatged pérticulate material

material st %ﬁ'ﬁ;t % %@e;ﬂﬁé@}%tﬁﬁ% §ﬁ1%§1 & hﬁ@ éﬂ?&{uia?egrﬁatgﬁéﬁerﬁé"atng Be@ﬂg%cca jon
arranged to su p{'}; e high voltage to the Bor I On SO Separated. "15. X
device as claMhiEaaisutaceal §aid mass igeypasedinyse. @ valtags canaraionar RGEIngdYab Yakkage on
Caim2 in vdndedeah§ifor stplirRibe Oftp bfthe high asitage genetaiotto s3id Masd gp makdrialiviierady, No
greater t haqn gx'ge(? ﬂ@%m‘cfé? of material issue from the exposed surface of said mass, the generator being

in the form of an electronic solid state device comprising a large array of voltage producing '

elements interconnected to produce said high voltage.

3. -Adevice for spraying particulate material, the device being in the form of a self-contained
unjt gomprising a housing which is suitable for hand-held use or is readily portable using one
hani0 and including a receptacle for the material to be sprayed, a voltage generator for applying
high' voltage to the mass of particulate material, means defining a dispensing location at which,
during spraying operation of the device, a surface of said mass is exposed and from which
surface, in use, electrically charged particles issue from the mass, and means for suppressing
propulsibn of particles from the bulk material until the mass of material is brought into the
proximity of an object or target towards which the particulate material is to be sprayed.

4, A device as claimed in Claim 1, 2 or 3 including a user operable actuator for controlling
opening and closing of the dispensing outlet from which the particulate material is discharged.

5. A device for spraying particulate material, the device being in the form of a self-contained
unit comprising a housing which is suitabie for hand-held use or is readily portabie using one
hand, and including a receptacle for the méterial to be sprayed, a voltage generator for applying
high voltage to the mass of particulate material, means defininé a dispensing location at which,
during spraying operation of the device, a surface of said mass is exposed and from which
surface, in use, electrically charged particles issue from the mass, and a user operable actuator
for controlling opening and closing of the dispensing outiet from which the particulate material is
discharged.

6. A device as claimed in Claim 4 or § in which the actuator also controls operation of the high
voltage generator, the arrangement being such that operation of the actuator is effective to
co-ordinate opening of the dispensing outlet with operation of the voltage generator.
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subst.ant i al I di scharge occurs when the vol tage geper at oa txh 1997 |
operati ve. lﬂ i“ﬁﬂ ImLcl ainmed in any one of Clains 1 tpDeB i 31 ----------- il
t he di spensi se is unscreened. 17. A device @s—crarmed n -

any one of Clalms 1 to 16 in which the output voltage of the generator is

no greater than 25 kV. 18. A device as clained in any one of O ai lto
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the particul girRcebi 6de, dbctrically charged particles issue from the mass, means for storing the
i

parftulate material as separate discrete quantities, means for locating each such discrete quantity
at the dispensing location and means for applying the high voltage to each such discrete quantity
when registered with the dispensing location.

12.  Adevice as claimed in Claim 9 or 11 in which said discrete quantities of material are
encapsulated and means is provided for opening or rupturing the encapsulating material at said
dispensing location to expose the particulate mass therein with accompanying application of high
voltage to the encapsulated mass to effect spraying.

13. Adevice as claimed in Claim 12 in which the particulate material is encapsulatedin a
series of cells coupled together and means is provided for indexing the cells successively into said
dispensing location at which each cell is opened or ruptured and at which the high voltage is
applied to the mass of encapsulated material thus made available for spraying.

14. A device for spraying particulate material, the device being in the form of a seif-contained
unit comprising a housing which is suitable for hand-held use or is readily portable using one
hand,-and including a receptacle for the material to be sprayed, a voltage generator for applying
high voltage to the mass of particulate material, and means defining a dispensing location at
which, during spraying operation of the device, a surface of said mass is exposed and from which
surface, in use, electrically charged particles issue from the mass, said means defining said
|ocatiori being operable to separate a portion of the particulate material from the main bulk of
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wal | the assistance of user-induced air flow through the passageway, the particles pass through the
nozzle into the nasal or oral cavity. )
20.  Adevice as claimed in Claim 18 or 19 in which the dispensing cutlet is located upstream of
the forward extremity of the nozzle portion.
21. % A device as claimed in any one of Claims 1 to 20 in which the voltage generator prowdes a
blpolar output.
22. A method of spraying particulate material using a device as claimed in any one of the
preceding claims. _ ‘
23. A method as claimed in Claim 22 in which the spraying is effected in the absence of any
liquid 'vehicle for suspension of the particulate material. '
24. A method as claimed in Claim 22 or 23 in which the high voltage is applied tc a static mass
of said particulate material.
25. A method as claimed in any one of Claims 22 to 24 in which the particulate material when
in the form of a packed mass has a bulk resistivity less than 10" ohm cm.
26. A method as claimed in any one of Claims 22 to 25 in which the particulate material is

. sprayed without the assistance of a gas flow.

27. A method as claimed in any one of Claims 22to 26 in whlch the applied voltage is derived
from a voltage generator comprising a large array of discrete voltage producing elements
interconnected to produce a high voltage.
28. A method as claimed in any one of Claims 22 to 27 in which the particulate material
comprises a mixture of two or more particulate materials having differing resistivities.
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gth%ﬁ' oF s%(l;aymg an electrostatically sprayable substance in particulate form into the
nose or mouth of a user comprising applying high voitage to a mass or body of the substance in
such a way as to effect propulsion of the particles of the substance away from said mass.

30. A method as claimed in Claim 29 including entraining the charged particles in an air flow
induced by inhalation on the part of the user.

31. Adevice as claimed in any one of Claims 1 to 21 in which the receptacle is in the form of a
replaceable cartridge comprising a container, a mass of particulate electrostatically sprayable
material in the container, the container having an opening at which a surface of the mass of
material is exposed in use, and means for conducting high voltage from a source external to the
container to the mass of material therein whereby, in use, high voltage is conducted through the
mass of material to the exposed surface with consequent projection of particles from said surface.
32. A pack for use in electrostatic spraying comprising at least one cell in which a mass of
particulate electrostatically sprayable material is encapsulated, the cell having a wall which is
pierceable, rupturable or otherwise capable of being disrupted to allow exposure of a surface of
thevenclosed mass to the surroundings and means for conducting high voltage from a source
external to the cell to the mass of material therein whereby, in use, high voltage is conducted
through the mass of material to the exposed surface with consequent projection of particles from

‘'said surface.

. 33.. A pack for use in electrostatic spraying comprising a plurality of cells in each of whicha

m’aéiof particulate electrostatically sprayable material is encapsulated, each cell having a wall
whith is removable, pierceable, rupturable or otherwise arranged to allow exposure of a surface of
the enclosed mass to the surroundings and means for conducting high voitage from a source
external to each cell to the mass of material therein whereby, in use, high voltage is conducted
through the mass of material to the exposed surface with consequent projection of particles from
said surface.
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