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Air freshening devices in which there is a slow
release of vapour from a container containing a liquid
air freshener are well known in the art. ,
Electrostatic devices for spraying liquids are
also well known in the art. In such electrostatic
spraying devices a liquid is drawn out preponderantly
by electrostatic forces into ligaments which break up
into electrically charged droplets.
' WO-A-93/06937 discloses an electrostatic
spraying device for spraying liquids comprising a
‘'nozzle in the form of a wick which is contacted with a
reservoir containing the liquid to be sprayed. The
wick is fabricated from a sheet of a resiliently
deformable polymeric foam material of open celled
structure and an edge of the sheet is profiled to form
a plurality of sites at which liguid ligaments can be
produced. _
EpP-A-0486198 dlscloses an electrostatlc
spray;ng device incorporating a cartridge containing a
. liquid, such as a fragrance producing oil, which is to
be sprayed via a vertically disposed capillary
structure, electric potential being applied to the
liquid so that it is drawn across the end face of the
capillary structure and is sprayed as a plurality of
ligaments which break up into droplets.
We have nbw_developed an electrostatic spraying
device for dispensing liduids such as air fresheners,

Ee hoIIOM/tube has



convol uted inner surface which is fornmed-+froma . polyneric
mterlaﬁv%gﬁ“ls I nperneable to the |iquid. I t w&m@i&%}gﬂg{stood
that fo | lary tube to be considered to be c he ratio
of the internal perimeter of the tube to the cross-sectional area is
30 greater than 2/r where r is the radius of a circle havi ng the
sane cross-sectional area as that of 4dwe convol uted tube in question.
Preferably, the internal peri neter of the tube is equal to or greater
t han t he external perinmeter of the tube. The di mensions of the 35

tube, the material fromwhich it is fabricated and the properties of
the 1iquid ardSRFtifides RronMaeraRy oils gy obiqyids for air

PCT/ GB95/ 021Q§hrlficatlon in wh:.ch a particular- éype of wickap!lary

structure is _sub t.antlalljy ve{ cvgi %%lent‘; th the atom sation
tip upper nost*% Eﬁ&#{ﬁP% ?ﬁgQﬁ dthe tube by
. Capi | | ary actdharacterls:tidua ia'i(mrdaat oo providéeca econetrelledstatic charge

5 gppl i I ol e 0, t I at the
atom sat I on taqgan’iﬂs c#ieov\'/]fw %t‘%‘% rﬁﬁn‘? sfgé% Hie {'f“? héeﬁeu‘gg? e"(i‘f}foken up into
a plurality of el ectAgeendingly, tlmapmlemopweeetion provides amhe
ConV0|Uted"HI%C&%HJEHE&éﬁsﬁnyiH&|d¥$iabewhich comprises:

(i) a reservoir of an electrostatically

sprayable liquid;
10 (ii) a capillary structure which comprises a

hollow tube having a convoluted inner surface and ‘

being formed of a polymeric material which is
impermeable to the liquid, the capillary structure at
one end contacting the reservoir of the liquid and at
15 the other end terminating in an'atomisation'tip, the
capillary structure being such that when oriented
substantially vertically and with the atomisation tip
uppermost, the capillary action is sufficient to
transport the liquid to the outlet at the uppermost
20 end of the tube; and

(iii) means for'applying high voltage to the
liquid in order to cause the liquid to be projécted
from the atomisation tip as one or more ligaments and

_ thereafter to break up into a plurality of
25 electrically charged droplets. -

The present invention also provides a cartridge
for the storage of a liquid suitable for electrostatic
spraying which comprises a cartridge-body'cohtaining a
reservoir of a liquid as defined above, a capillary

30 structure as defined above and means for providing an
electrical connection to a high voltage source. The
means for providing an electrical connection to a high
voltage source may comprise an electrical contact, or
alternatively the cartridge may be at least partly |

35 formed from an electrically conducting or semi-
conducting material. '
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br anches. The convol uted inner surface of the tube contributes 15 to
the resistance to distortion of the tube during - use. A
particularly preferred polyneric nate3tal fromwhich the capillary
structure may be formed is pol yacetal, for exanpl e pol yacet al
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PCT/ GB95/ 0218810°% 9/s) and still more preferably 2 to 3cst (2 to

10 3 x 10 m?/s). The liquid is preferably an

- air-freshener which is atomised by the electrostatic
spraying device to fragrance the air in which the
device is positioned, such as a room or corridor.

' The electrostatically sprayable liquid is,

15 however, generally a liquid which has a very low non-
volatile resinous residue such that a volume of the
liquid corresponding at least to the volume of the
reservoir, preferably at least to twice the volume of
the reservoir; can be diépensed without blocking the

20 tube. Preferably the non-volatile resinous residue
content of the liquid is less than 0.1% by weight.

The capillary structure used in the present
invention comprises a hollow tube which preferably has
a smooth outer surface. The hollow tube has a

25 convoluted inner surface which is formed from a
polymeric material which is impermeable to the liquid.
It will be understood that for a capiliary tube to be
considered to be convoluted the ratio of the internal
‘perimeter of the tube to the cross-sectional area is

30 greater than 2/r where r is the radius of a circle
having the same cross-sectional area as that of the
convoluted tube in question. Preferably, the internal
perimeter of the tube is équal to or greater than the
external perimeter of the tube. The dimensions of the

35 tube, the materiél'from which it is fabricated and the
properties of'the liquid are so chosen that when the



- 5- to be atom sed is brought to the atom sation tip by

passi v ' ry action. It is then drawn out at the | :
electr§g§g§?%k?orcés into |liganents which break upPFﬁF%&ﬁnm&

el ectrostatically charged droplets. In order 5 for this to happen the
electric field strength nust be sufficiently high and in order to
reduce the voltage requi red to4roduce a sufficient field strength,
it is ~known to supply the liquid.to a sharp edge, the shape of

which intensifies the electric field and from which 10 the liquid is

sprayed as a cloud of very small, m cr ter) sjze char ged

dropl et s. Tlﬁea%ﬁ;]rag‘é‘ﬁ Str‘}lcmiﬁ%p’r%ﬁu%ﬁéam%gﬁ YVERFa and have a very
| ar ge ouidraned arith tthe dtomisation tipupmpstidsticchie Iibgpaid
evaporation.; T r - ' n .

eart hed/ gr ou‘n%@%&?f‘%%&%ﬂ%ﬁ? ?@&’%’%&%‘EW qgaﬂl%"t%"-e‘?a??@%%na cl oud
for long endigithe atmmisation &ip. WhenAn elrgkrostatic charge |t is a
particld ar agdy ypporeditd ndrEEQAMA in théd NVEEEiBhE hale tDEqedi | | ary

structures with the convol ut 2526 |ane'r surfaces enable relatively | ow

he 20
vol umes of AectioAtAMISAFIPR TR S |FRANRISIAY pklgaments ang e
consi st ent | ythessaf g hrokenisupfintorea glumlity of celexttr ieekyyt o ei ght

weeks. The cgpi Y, res with the convulted inner surfaces
Gt Yarontiye:

possess a 2 1 gni advantage over capillary tubes with snooth
i nner surfaces sindthe legneglutedsinnesisurface ofithe hollowetwbapnent and

hence fgie rigdy GfatP! e tctures in which simple rounded or

pointed projections are directed into the lumen of the ‘

tube to more complex structures in which the _
projections may have interdigitating side branches.
The convoluted inner surface of the tube contributes
15 to the resistance to distortion of the tube during
use. : |
A particularly preferred polymeric material
from which the capillary structure may be formed is
~ polyacetal, for example polyacetal PA-06010

20 manuféctured by Aubex Corporation, Japan. The
polymeric_capiilary'tubes manufactured by Aubex
Corporation are manufactured to a very high tolerance
of * 5%, which is important for maintaining uniform
flow rates from one device to the next. Other

25 polymeric materials which may also be used are .
polyethylene, in particular high density polyethylene,
polypropylene, polyethylene'terephthalate, polyamide,
poly(ether ether ketone),poly(ether sulphone) or
poly(ether ketone). - : _

30 The capillary structure preferably has an outer
diameter in the range of from 0.1 to 1.5 mm, more
preferably 0.4 to 0.8mm, still more preferably about
0.6 mm. ' | - |

The tip of the capillary structure is

35 preferably planar and cut to an angle, typically of

about 45°, to the axis of the hollow tube. The liquid

?



Telectrical'continuity through t he tiquid colum to the tip. Wth a
plain a bubbl e of air.30 entrapped, in thep
- likel ybﬁéﬁg’yfyg?at e the colum of liquid into two pa&v i95\?\?#1{)st with a

“convoluted tube it is unlikely, even if a bubble is entrapped, for
the liquid colum to be split into two parts. Thus, electrica
continuity is maintained and 35 t m®-devi ce can continue to spray. In
addi tion, since t he convoluted tube has a greater surface area in

- WD 96/ 07484 PCT/ G3B95/ 02108
- 6- ontact with the |liquid than a plain bore tube t he
capillary fo&&thﬁlaq%s@ R it &a HipargRatdon TimBY of the tube

i s increased.passive capillaihe attaion.f orrtaps ytim air.’fa'vgh outd taageuteo the 5

liquid prefe r ential, qof on12 KV, nore
preferably att'aig4 X’ap %ﬁeagﬁ%%af% c%pr[ces_l_sir&o @R & w&ic& %’iﬁ‘ﬂ‘bl y at a
potential of lfndmm electrostati¢ally charged drapletsr eflay resfleaspect of

the present. Ifa&erauﬁmtoquappéxprt@m&mrﬂm@eff 15 s tdgpeised for
air fresheni ng, the means for ‘i/qlrg%io red | ectrostaticC char ge

to the |iqui @W%det@cﬂ’? #nd n’t‘br?ﬁ uce the voltage

required to produce a sufficient field strength, it is
known to supply the liquid to a sharp edge, the shape
of which intensifies the electric field and from which
10 the liquid is sprayed as a cloud of very small
(micrometer) sized, charged droplets. The charged
droplets are mutua11y~repe11ant and have a very large
surface area to volume ratio, thus resulting in rapid
evaporation. The charged droplets seek to discharge
15 on an earthed/grounded surface but remain suspended in
the air as a cloud for'long enough to influence larqé
air spaces. ' ' _
- It is a particular advanﬁage of the present
invention that the capillary structures with the
20 convoluted inner surfaces enable relatively low
volumes of electrostatically charged liquids to be
sprayed consistently over long periods of time of up
to four weeks to eight weeks. The capillary structures
with the convulted inner surfaces possess a
25 significant advantage over capillary tubes with smooth
inner surfaces since they are less sensitive to bubble
entrapment and hence the risk of interrupting
‘electrical continuity through the liquid column to the
" tip. With a plain bore tube, a bubble of air
30 entrapped, in the tube will be likely to separate the
column of liquid into two parts, whilst with a
convoluted tube it is urilikely, even if a bubble is
entrapped, for the liquid column to be split into two
parts. Thus, electrical continuity is maintained and
35 the device can continue to spray. In addition, since
the convoluted tube has a greater surface area in



application. In this manner the electrostatic . sprayi ng device of the
present invention may be 15 operated intermttently, for_exanple using an
i nt egr al'W096/07484 | \xr "t o switch the device into the operat?‘ﬁ'&Gﬂ%’éiw '

with the application of the electrostatic charge to the liquid.
Conveni ently, the device of the present i nvention may be activated at
1 to 15 mnute 20 intervals, prefeeably 10 to 12 m nutes, for a period
of from0.5 to 5 mnutes, preferably 2 to 4 m nutes, nore preferably
3 mnutes. In this manner, when the liquid is a fragrance, the
perception of the air fresheni ng. effect achieved by the fragrance is

25  enhanc&®ntagievith the ildauid than & pdaigpdianse dithe, the nppde the
liquid fills ddifIgaity | fined Wi ianble th ifrce an eftiragied Wiyl of f the
meni scus of th%”fgt%f IS . Jocat eder?gt t he open end of the tube, but
not at the ©Y* et FURE AfiiMPESPS9%e tube from which the liquid is 30
at om sed. Wen t he The twepns fappippdyingha hisggh d’altage to diteawn from t he
columm fg Il : tﬁi;@f gdg;. : ' f t | S

atom ze fro%q't%e}edatom sa |‘%§'§ aqﬁ;p ag:f % ﬁ;e tubééfa r}’gfn %ﬁgm\a/%&dage S
switched of f 2% &/, more prefierakiy ak & fryanhiahehgram s ¢ 35 quid is
35 agai n hacamil whdtiprdferdpiie ad &l dtertidEicE bwY10 to 18Ur face
tensi on forc§§, The device of the present W06/ 07484

PCT/ GB95/ 02108"* ' ' '

In a preferred aspect of the present invention,

10  for example when the device is to be used for air
freshening, the means for applying an electrostatic
charge to the liquid may be adapted for intermittent
application. In this manner the electrostatic
spraying device of the present. invention may be

15 operated intermittently, for example using an integral
timer to switch the device into the operating mode
with the applidation of the electrostatic charge to
the liguid. Conveniently, the device of the present
invention may be activated at 1 to 15 minute

20 intervals, preferably 10 to 12 minutes, for a period
of ffom 0.5 to 5 minutes, preferably 2 to 4 minutes,
more preferably 3 minutes. In this manner, when the
liquid is a fragrance, the perception of the air
freshening effect achieved by the fragrance is

25  enhanced. When the device is: in its non operational
mode the liquid fills the capillary tube and with the
voltage switched off the meniscus of the liquid is
located at the open end of the tube, but not at the
-leading extremity of the tube from which the liquid is

30, atomised. When the voltage is applied, the liquid is
‘drawn from the column filling the tube across the end
face of the tube and is atomized from the atomisation
tip of the tube. When the voltage is switched off, the
liquid retracts so that the meniscus of'liquid is

35 again located within the tube where it is retained by

surface tension forces. The deVice:of the present

a»



I nvention, when adapted for intermttent use, is . particularly

advant ,nce the |iquid product and batteries t ended
life a§9§§§§§§éd to a device that continually enana?ggxé?sggggance or
5 i nsecti ci de. The present invention also includes within
its scope an el ectrostatic spraying device which conprises a
cartridge as hereinbefore defined, a=fousing into - which the cartridge
is adapted to be renmovably located 10. with-the capillary structure
extendi ng substantially - vertically, and a high voltage source | ocated

Wit hin .t he hqusi ng.for _the .appljcation of..an electrostatic
potenti al to"f’H&“(sll(?@t'r ?’E’&I" 8&%?&6%05 roﬁ'nt%ﬁé'"% nt user e dfri dge. The
hi gh vol t age paurtricalauml yc advantageoms Binceetiep|ldquiidyiprosiuatyeamgkener at i ng

circuitry poW‘i‘E‘i’:@rH&s have an %‘Qét‘éthe%gq]iw e %om e &4 14 cal connection
on the cartridge may comprise an electrical contact ext endi ng
“through the B8Yydcef cantdnpad 13y emanatesyja fuagKange ont he cartri dge

my be @t | e3nselAidivel0 formed froman electrically conducting or
oot mvor o el TS soyengion adae M a0 of e
general | y vesdops lan elstiostatinitspreging e dtd whignsdnpei sesd.
rhor bl Y Ve G o vdFetpnacord SEindd ) lidliy dopianed <o Lha
di ff erence i Whichithe @astnisigeds tadaptad tenhde eemovablyckpcatedpt y
| evel s 1gpes Rglersitgi Idapintllar P dtdhictidi®e ExterfdBig! dtbsarntaligiuid to the
atonlsatlon1Ué%tically, and a high voltage source located within
the housing for the application of an electrostatic
potential to the electrical connection on the said
cartridge. The high voltage source may comprise, for
15 example, high voltage generating circuitry powered by
a low voltage battery. The electrical connection on
the cartridge may comprise an electrical contact
extending through the base of the cartridge or, .
alternatively, the cartridge may be at least partly
20 formed from an electrically conducting or semi- -
conducting material.
A particular advantage of the present invention
is that the atomisation tip is arranged to spray
generally vertically upwards without requiring a
25 positive head. Preferably the cartridge of the
present invention is designed so that there is a
substantially constant head of ligquid and the
‘difference in liquid level between the full and the
' nearly empty levels does not significantly affect the
30 ‘charging of the liquid to the atomisation tip.
One way of achieving a substantially constant
head of liquid is for the cartridge to be of a
generally squat configuration with a vertical
'~ dimension significantly less than its horizontal
35 dimensions so that it can contact a significant amount
 of liquid while producing only a small change in



One way of achieving a substantially constant - head of liquid is for

the car tv%g%&? be of a general |y squat confi guraftl'geﬂ?*\%'stmggﬁ
. a

verti cal di mension significantly less than its horizon

di mrensions so that it can contact a significant anmount of liquid
whi |-e producing only a small change in WD 96/ 07484

PCT/ GB95/ 02108 liquid | ev®8 between full and nearly enpty
condi ti ons. Anot her way of achieving a constant head is disclosed
in WO 95/06521. For air freshening of a typical roomthe 5

delivery of 0.3 grapgs 0O he |iquid_fragrance per da woul d provide a

satisfactorygnggF'gngiaéﬁﬁﬁeég full a éaPFPFﬁ eeﬁﬁﬁyaFﬁPﬁgtIGnﬁrans of

the liquid f Angtheeceway ofwachdevling ar eongtanitr hieadsligendigciiosedane nont h.

The present EgVﬁa;bgzogghh be further described 10 wth reference to the -
o

acconpanyi ng=dr awi hg Whi ch: : Figure 1 is a cross section
of a capillary Fort-adrt fresheninge oifn aatypidaic yommt khehe i nventi on;

CLuieipdn |Batiuky it 818 Geasa BECUAMSthia roaqRit SO by
- would provide a satisfactory level of fragrance. A
cartridge containing 10 grams of the liguid fragrance
would thus provide air freshening for one month.
. The present invention will be further described
10 with reference to the accompanying drawings, in which:

Figure 1 is a cross section of a capillary
structure for use in accordance with the invention;

Figures 2A to 2H illustrate cross sections of
other capillary structures for use in accordance with

15 the invention; and :

Figure 3 is a schematic view of an
electrostatic spraying device in accordance with the
present invention. R _

Referring to the drawings, Figure 1 illustrates

20 in cross section, a capillary structure which is
suitable for use in the present invention. The
capillary structure is shown'generélly at 1 and is a
cross section of a polyacetal hollow tube sold by
Aubex Corporation of Japan, under the number PA-06010.

25 The hollow tube, as shoﬁn in cross section, has a
smooth outer surface 2 and a convoluted inner surface
3. The tube has an outer diameter of 0.6 mm.

Figures 2A to 2H illustrate the cross sections
of alternative capillary structures which have

30 convoluted inner surfaces. As can be seen from these
drawings, the convoluted inner surfaces may be of a
relatively simple design as shown in Figure 2H, or of
‘more complex design as shown in the other Figures.

Figure 3 illustrates an electrostatic spraying

35 device comprising a housing 5, which consists of a
body portion 6 and a removable lid 7. The housing is



’ Figure 3 is a schematic view of an el ectrostatic spraying device in
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accor danoe6u4sd t he present invention. PCTeBes/02108) tO0 t he
drawi ngs, 'Figure 1 illustrates 20 in cross section, a capillary
structure which is suitable for use in the present invention. The
capillary structure is shown generally_at 1 and is a cross section of
a polyacetal hollow tube sold by Aubex Corporation of Japan, under

t he nunber PA-06010. 25 The hol | ow tube, as shown in cross section, has
a snmoot h outer surface 2 and a convol uted i'nner surface 3. The

tube has an @ivededi arebetwof s@pérate compartments,Faﬁuu e%A to 2H

|1 trate t t t
uhi oh have S0omPEESReBELh 8P acrouer sBRbEERRERES "By, meRher B hose
drawi ngs, thanciénternaddwabielOosur Thecuppey bDompariment housbstavely si npl e
design as 5h8§9tfﬂd§ég!iewﬁtbhoégﬂéaxns a. ?PEErGQEE'%& & 5 as shown in

t he ot her g trates an e rostatlc
sprayi ng 35 freghener ééﬁﬂiﬁsiﬁgtheﬁﬁﬁ§rng55h°%HP@h°@Gﬁ§| ? sube

body portioni§ apdtRer eypeakkedbsdrivedThethoveiresente to FiGQuee 47484
PCT/GBQ5/02108 S positioned within the liquid res%rvolr 12. The air
freshener liquid wets the capillary structure 13 by
passive capillary action so that liquid is present at
10 the atomisation tip 14 of the capillary structure 13.
The base of the cartridge 11 has a connector 15
integrally formed therein. The cartridge rests upon
the inner wall 10 of the housing immediately above a
connector 16 which is formed in the said inner wall.
15 A high voltage output is supplied from a high voltage
generating circuitry 17, powered by a low voltage
battery (not shown) via connections 16 and 15 to the
air freshener liquid 12. The circuitry 17 is
controlled by means of a timer 18 which is also housed
20 "in the lower portioh of the housing.
. When the timer is on, the high voltage is
applied to the liquid air freshener 12 contained in
the cartridge 11 to effect electrostatic spraying of
the liquid from the atomisation tip 14 of the hollow
25 capillary structure 13. The timer may be, for
example, operated for 3 minutes in every 15 minutes,
i.e 4 times per hour. When the timer is off, the air
freshener liquid will again wet the capillary
.structure 13 so that the atomisation tip 14 contains
30 air freshener liquid ready for electrostatic spraying
when the timer is next in the on mode. It will be
noted that the circuit has a connection to earth via
the bottom wall of the housing body 6.
The cover 7 of the housing is fabricated from
35 an electrically insulating plastics material such as
polypropylene or polyethYlene so that the cover does



divided into two separate conpartnents, an upper conpartnment 8 and a

| ower caqﬂﬁﬁh nt 9, by neans of an internal wall 1 CiRsHbE"

conpar t.nent %ﬁseS'a cartridge 11 which contains a ?ggérv0|ra§f an air
5 freshener liquid 12 therein. A hollow capillary tube 13 of the
type as-described with reference to Figure 1 I's positioned within the
liquid reservoir 12. The air ° - fre&ﬁéner liquid wets the capillary
structure 13 by passive capillary _action so that liquid is present at
10 the atom sation tip 14 of the capillary structure 13. The base of

t he cartrldgengg.{ﬁﬁé §Q§ﬂﬁcégﬁsé5the ?1%%£§€§@%£¥%L§éggg égereln The

cartridge rests upon e 1 nner wal |nned|ately
above a ket criqwidiaty freshenen 12 ¢eatained; Hhckheq) | . A

hi gh vol t age eevhtainés ﬁﬂ@D'hG@tf£H€1ﬁeﬁhﬂﬁeuehtﬁgef v15co§£ﬂ?faﬁdng

i it 17 d 1 t 1 h i |
Comact | one tORHRE HedYafiultl 85  Affeipneraf SBEA” 1, e ol v o try
17 is 5 cRhreferdkly Wheevais ffreshénerrliguifii wihllshaveoahvwesyed 20 .in
the Touer por{d@hdi-d5Eaoyal Psingup, residue SECTebBCehAiTS, 18 Bp: Lhe

hi gh voltage 1s Id alr_treshener ned in
t he cartrldgéwqagh%re$¥Q@§ @tb@?Wb%?aFnB nphayehgtile materiad inquid from

t he at0”1Sat'Eﬁbtf6rﬂdlﬂiléﬁewb9h|Q&baﬁulatéaﬂhb|iﬁ!eﬁféﬁétﬁiﬁhlﬁhe The

b
mntes. o Ereeztloy; ofechbr ahbuFreohBRet nbignHly PEPBFIa AL ¢
fresheneo | i gthe atbmlsgaiunmelptheThepahfafyeshenersliqnidrsh&ﬁldo t hat
the atom satign il ge 18 conkabis, 30 corBiLyfLESNRREL U s paacnbor

el ectrostatic Sprayrng
be notenarhagulhbe5|wguld hatenfevanwithohheofraetrfilowaof

bottom wal | of j&§hed wiehid PREYcBpillary structure. As previously
described, the air freshener liquid rises to the upper

15 open end of the capillary structure 13 by passive
capillary action and under the influence of the
applied high voltage (which may be negative or
positive) is projected from the atomisation tip as one
or more ligaments which break up into particles which

20 repel one another to form a cloud of atomised mist.
The particles are drawn aﬂay from the atomisation tip
towards any objects in the vicinity of the device
which are at earth potential.

It will be noted that the cartridge 11,

25 containing the air freshener liquid is relatively
squat and this enables the air freshener liquid to be
drawn into the capillary structure by passive '
capillary action. without the height of the.liquid in

.the container having much effect on the'performance.

30 When the air freshener cartridge is spent, then the
1lid 7 of the housing may be removed and a new
cartridge inserted ready for use.
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"The cover 7 of the housing is fabricated from 35 an electrically

| nsul aWgs/gd8sst i cs material such as pol ypr opyl enepor/cpodigezésy! ene so
sthat the cover does WD 96/ 07484
PCT/ GB95/ 02108 : -10- not inmedi ately

cause the electrostatic spray to 11earth Li qui d -ai shener 12
contained in the contai'ner will freet the reqU|renents of visc

vol une resistivity as herei nbefore defined. 5 Pr ef M”’m

freshener liquid will have a very | ow non- volat|I ﬂy ue of
| ess than O.CIAIMSE: wei ght, - si nce ot herw se any non-vél atil® matefial in
the fornmulation will accunulate and interfere with the free-fl ow of
the air freshener liquid, especially at 10  the atonisation tip. The air

freshener |ilgui d sifoulalectrostatsic Eprayindg rdevicy wisidh cul ate materi al
si nce any coﬂqgggééculates would interfere with the free-fl ow of

liquid within e caplllary structure. As previously descri bed, the
air fré&hener I|i qwb‘-)rl s NeserNoMn Rl Ay electrestatliciline capillary
structure lpgPayddsid VEiquid; capillary action and under the influence of

ItOPgJ ected ?IroglmI teﬂeh(dtgjsm\/%h%?ﬂﬁ,\%ggs & t?‘-(‘ar"'?e“%'ii}-'-l‘t}‘/e""?”r'P’i"-ses EPOSI Hve s
hollow tube having a convoluted inner surface and
being formed of a polymeric material which is

‘10 impermeable to the liquid, the capillary structure at
one end contacting the reservoir of the liquid and at
the other end terminating in an atomisation tip, the
capillary structure being such that when oriented
substantially vertically and with the atomisation tip

15 ~uppermost, the capillary action is sufficient to
transport the liquid to the outlet at the uppermost
end of the tube; and ' : :

(iii) means for applying high voltage to the
liquid in order to cause the liguid to be projected

20 from the atomisation tip as one or more ligaments and
thereafter to break up into a plurality of

-electr1ca11y charged droplets.

2. An electrostatic spraying device as claimed in
25 claim 1 wherein'the electrostatically sprayable liquid

has a viscosity in the range of from 1 to 20cst

(2 to 20 x 10°® m’/s) at a temperature of 20°C and a

volume resistivity of from 2.5 x 10® to 5 x 10® ohm cm.

30 3. An electrostatic spraying device as claimed in
claim 1 or claim 2, wherein the liquid has a viscosity
in the range of from 1.5 to 4cst (1.5 to 4 x 10°¢ m¥/s)
at a temperature of 20°C. :



or nore |liganents which break up into particles which 20 repel one

anot her_1 o a cloud of atom sed m st. - The part pgrRiBoSHA0S " aWn
away fr?ﬁﬁ%ﬁﬁaglonisation tip towards any objects 1n the vicinity of
t he device - which are at earth potential: It wll be

noted that the cartridge 11, 25 containing t ' liquidis .
relatively squat and this enabl¥< the ai rlmlms]mmmﬁlmnm to be

drawn into the capillary structure by-passive * ¢ capi Ml aty *

action.w thout the height of the liquid in t he contai ner having nmuch

effect on theg perfor : by | tab ' t,
o Laet o0 11 P e iber 1T RN VIBR dl 0L o oo
cartridge i neoyt emer @fdywladms deto 3 yherein fpeodignigy has a

PCT/ GB95/ 021Q31ume resistivity of 2.5 x 107 to-3.8-x 10° ohnClod M5
1. “An electrostatic spraying device which
.5- 5. An electrostatic spraying device as claimed in
any one of the preceding claims wherein the capillary
structure has a smooth outer surface.

6 An electrostatic spraying device as claimed in

10 any one of the preceding claims wherein the liquid is
substantially free from any non-volatile resinous
constituent.

7. An electrostatic spraying device as claimed in

1S any one of the preceding claims wherein the capillary
structure is formed from polyacetal, polypropyleﬁe,
polyethylene, polyethylene terephthalate, polyamide,
poly (ether ether- ketone), poly(ether sulphone) or
poly(ether ketone). '

20 _
8. An electrostatic spraying device as claimed in
any one of the preceding claims, wherein the capillary
structure has an outer diameter in the range of from
0.1 to 1.5 mm.

25 _
9. An electrostatic spraying device as claimed in
claim 8 wherein the capillary structure has an outer
diameter in the range of from 0.4 to 0.8 mm.

30 10. An electrostatic spraying device as claimed in
any one of the preceding claims, wherein the tip of
the capillary structure is planar and cut at an angle,
typically of about 45°, to the axis of the hollow
tube.
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‘ conprises: 5 (1) a reservoir of amr electrostatically

)

Spr ay awio®6loT484i d; (ii) a capillary structurPeTdBosizoenpri ses a
hol | ow t ube having a convoluted inner surface and bei ng forned of a
polymeric material which is 10 i nperneabl e to The Tiqurd, the—capillary
structure at one end contactgﬁg t he reservo and at
the other end termnating in an at sation tip, Hmm "'aﬂ"mﬂm ,m
structure being such that when oriented © substant | W Verts aIIy

with the atom sation tip 15 uppernnst the capillary action is suff|C|ent
to tR3NSPOr fnl R dotddstatd d fﬂngt qelvildee adPRAETHE i end of
the tube; and (ritr),

pl yi,ng high volta e to the
liquid in 8M¥ePN® ofatdhe Preqs ‘iquéi%rpl’wgﬁeé'&ié’d the means, fige

at omi sat:oapplgiwg Qmeenrec‘atrofsﬁaiﬁaslr:ﬂua&gwctod téle J{:}qmwfitser to break up
into a plur t a arge roplets 2. An
el ectrost at‘-’ﬁ é%ldgfl"ﬁg ld’é'\ﬁ%@cta '@i Fﬁ’eld' claim1 wherein the

el ect Sostatically sprayable liquid has a V|scosity in the range of

froml to %_ch][ An el@héﬁg&ﬁgféqﬁiﬂfr@g@f . 3 Qf%d;rﬁ of 20[err]C

and a vol une resistivity hm cm
3. An &MY QNS of |té‘%mr@ﬂ aging \gladins mtmm ithe meansg;|fom 1 or
claim 2, ;ﬂ!ﬁ @ IHigH I dtage WS add Miquid operdtdes raange of from 1.5
to 4cst (1 potent:.a)&. 10£[ etrrr l“rgerruss)kv. at a tenperature of 20[err]C
10 _ -

13. A cartrldge for the storage of a liquid

suitable for electrostatic spraying, which cartridge

comprises:

.{(a) a cartridge body containing a reservoir of
15 an electrostatically sprayable liquid;

(b) a capillary structure which comprises a
hollow tube having a convoluted inner surface and
being formed of a polymeric material which is
impermeable to the liquid, the capillary structure at .

20  one end contacting the reservoir of the liguid and at
the other end terminating in an étqmisation tip, the-
capillary structure being such that when oriented
substantially vertically and with the atomisation tip
uppermost; the capillary action is sufficient to

25 trénsport the liquid to the atomisation tip; and

- (c) means for providing an electrical
connection to a high voltage source.

14. A cartridge as claimed in claim 13 wherein the

30 electrostatically sprayable liquid has viscosity in
the range of from 1 to 20cst (1 to 20 x 10°¢ nF/s) at a
temperature of 20°C and a volume .resistivity of from .
2.5 x 10* to 5 x 10%® ohm cm.
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-12- An el ectrostatic spraylng devi ce as : any
one of goaﬁsgkf to'3 wherein the |iquid has a vol une T esi stlﬂ\I)l8 of
2.5 x 10[err] to 2.5 x 10[err] ohn1cm __ﬁmTﬁﬁ+K%44ﬁﬂjﬂ___
spraying device as clained in % one of the pr cl ai s mhereln
the capillary structure has a h outer sur mm "Ii! ’U"J

el ectrostatic spraying device as clalned in 10 any cedlng
claims wherein the liquidis substantlally free fronlany non- “vol atile

resi nous consti ctrostatic shraying device
as clainmed in 1515 Eg%g'%éldgp e Cﬁé'@g& ﬁ'@' & gieiﬁb éﬁ?ﬁ’tﬂe illary
structure |slﬂQM#édhﬁSonlﬁospaseﬁal1np¢hﬁpr@pphem€ from 1.%lteet hyl ene,

pol yet hyl ene4bavcerzfit Bakat g qubyarwe?m a ggg\?&sm% Blghgipeket one),

poly(ether sulphone or . pol y(et

5 16. A cartridge as claimed in claim 14 wherein the
liquid has a volume re51st1v1ty of 2.5 x 107 to 2.5 x
10® ohm cm.

17. A cartridge as claimed in any one of claims 13

10 to 16 wherein the capillary structure has a smooth
outer surface.. . , ' '
18. A cartridge as claimed in any one of claims 13
to 17 wherein the liquid is substantially free from
1s any non-volatile resinous constituent.
19. A cartridge as claimed in any one of claims 13

to 18 wherein the capillary structure is formed from

polyacetal, polYpropylene, polyethylene, polyethylene
20 terephthalate, polyamide, poly(ether ether ketone),

poly(ether sulphone) or poly(ether ketone).

20. A cartridge as.claimed in any one of claims 13
to 19, wherein the capillary structure has an outer
25 diameter in the range of from 0.1 to 1.0 mm.

21. A cartridge as claimed in claim 20 wherein the
capillary structure has an outer diameter in the range
of from 0.4 to 0.8 mnm.

30
22, A cartridge as claimed in any one of claims 13
to 21, wherein the tip of the capillary structure is
planar and cut at an angle, typically of about 45° to
the axis of the hollow tube.
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20 8. An el ectrostatic spraying device as clained in any

one of tW@9ppHsedi ng clains, wherein the capillary f@fk#ﬁiﬁfﬁghas an
outer diameter in the range of from 0.1 to 15 mm 25

el ectrostatic spraying device as clainmed in ¢l ai m8 wherein the '
capillary structure has an outer -15-di aneter i nmnm ’I’Em“m m 0.4 to
0.8 mm 30 10. An el ectrostatic spraying d

any one of the preceding clains, wherein the tip of “tHe éaprllary
structure is planar and cut at an angle, typi cal | y of "about—45[err],
to the axis @B.the MoFhutridge asupdaised in anp opeopfisglaims 13

PCT/GBg5/002%9822 hergln the hlgP voltage souréa operates &t a An
el ectrostatic spra evi ce as Clai any one of the pr ecedi ng

cl ai s, mherBPﬁePEiaWESSSfFSF to iﬁpkyrng an electrostatic charge to the
liquidis adapted for intermttent application.

5 24. An electrostatic spraying device which
comprises a cartridge as claimed in any one of claims
13 to 23, a housing into which 'the cartridge is
adapted to be removably located with the capillary
structure extending in a substantially vertical

10 direction, and a high voltage source located within
the housing for the application of an electrostatic
potential to the electrical connection on the said
cartridge.

15 25. An electrostatic spraying device as claimed in
claim 24, wherein the high voltage source comprises
high voltage generating circuitry located within the
housing. - |

20



"5 12. An el ectrostatic spraying device -as clained in any one
of the wosmdigag cl ai s, wherein the neans for app! pcivenashigh Vol t age
tothe liquid operates at a potential of from2 to 25 KV. 10 13.
A cartridge for the storage of a liquid suitable for electrostatic
sprayi ng, which cartridge conpri ses: (a) a cartridge
body containing a reservoir of 15 an electrostatically sprayable |iquid;
(b) a capillary structure which conprises a - hol | ow t ube having a
convol uted inner surface and beLg%?#orned of a polyneric materi al
which is | npernmeable to the liquid, the capillary structure at 20

one end contacting the reservoir of the liquid and at the ot her end
terminating in an atonisation tip, the - capillary structure being such
t hat when oriented substantially vertically and with the atom sation
tip uppernDst)A;ﬁsfbyﬂillar action is sufficient to 25 transport
the liquid to the atdnrsatlon ti%? ’ (c) neans for

provi ding an el ectrical congrtas \oh vol tage source.

14. A cartridge as clained ij
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- 14- 15. A cartridge as clained in clgrn114, wherein the

- liquid has a viscosity in the range of froml1l.5 to 4cst (1.5 to 4 x
%gagpﬁhan[err]/s) at a tenperature of 20[err]C 5 16. A cartridge
as claimed in claim 14 wherein the liquid has a volunme resistivity of

2.5 x 10[err] to 2.5 x 10[err] ohmcm A cartridge as
clainmed in any one of clains
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(57) Abstract

An electrostatic
spraying  device for
spraying liquids comprises
a hollow capillary structure
(13) having a convoluted
inner surface one end of
which contacts a reservoir
(12) of an electrostatically
sprayable liquid preferably
having a viscosity of from
1to 20 x 106 m%s and’
a volume resistivity of
from 2.5 x 105 to 5 x 108
ohm cm, the other end
of which terminates in an
atomisation tip (14), and
means (17) for applying
high voltage to the liquid
in order to cause the liquid
at the atomisation tip (14)
to break up into a plurality

of electrostatically charged droplets. Cartridges for use in the electrostatic spraying device are also described.




5 24. An el ectrostatic spraying device which conprises a

cartridge as clainmed in any one of clains 13 to 23, a housing into
which the cartridge is adapted to be renovably |l ocated with the
capillary structure extending in a substantially vertical 10
direction, and a high voltage source |ocated within t he housing for
the application of an electrostatic potential to the electrical

- connection on the said ‘cartridge. 15 . 25. An el ectrostatic

" spraying device as clainmed in clai m-24, wherein the high voltage
source conpri ses hi gh vol tage generating circuitry |located within the
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