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-1- ' wo b&/ii2eVED TARCETI NG OF FLYI NG | NSECTS W TH | NSEQGd 46 Bbs1898
AND APPARATUS FOR CHARA NG LI QUI DS The present invention
relates to a method and 5 apparatus for killing flying insects by
sprayi ng I nsecticide into the air-i-h which the insects are

flying, and in particular to nethods of inproving the targeting of
the insects with the insecticide. The efficiency of insecticide
sprays in killing 10 flying insects depends, in part, upon how nuch of
t he I nsecticide contacts the insects which are to be kil led.
Current met hod IMERQUED IARCRTENG QB FLYING [THINSECTLE ca
interaction between the spimyesparaTUS OrOR! eksREEINE NSEGUIBEde and each
flying insect. 15 Aerosol 1 nsecticide sprays nmay be dispersed into areas
t hrough which insects may fly and thus encounter the dropl ets of

I nsecticide, or aer ™ preenit cirdeespiaysrelates npy demethed andspecific

target ingects. t : ' | t | ticldesdroplets in
the pl une 220 a%é%c?u%e%d rkﬁ"ul_'r g %{)}#‘g:ﬁ ??Eﬂ?% h%’,r‘%’?%g Z’Sﬁi %%g%ﬂébi lity
that contact wiinsestcigidretintn the et sWiakeh tHee 1nsecysoprets. _
However, when ifnSAGlS, A iih fpd ¥ cler 86 methoddli 6 UiRBPR6ESngr eHad their
bodi es caused by "t he beat|nq6} , of mnnﬂs nag actuaJéﬁ ggsh dropl ets
away. The 25 CIRIFFART 2y Gt L1957 YhSRcEHI ol R FHEL R ont act

wi th one or nore aermsdleffliseidney def dinpeet sclde tdpiBays in kdljehy

determn by chanical farce whi | st, t he babi | i ck- down
or kill ﬁg’ sub dé}%ﬂgi‘se&s dendh het 52T he ‘é%‘ﬁ‘ég’r’ﬁ?‘rpa‘i“ut‘%% gﬁd{g{q%xici-ty
of the 30 adiriseet igideli @mtacts hehe nbesedts déh beh nyresea. be

Spraying appar g5 P PEQAHEA O Inée 3ESYo P  app1l inJTx'QH%dixgéQB{:?adés wel |
known. For exanple, such apparatus 1s Kno n the donestic

envi ronnent forrely on giheinechakiral sinternehien sbetveen ckhe FREAYSH

polish 35 Ordxaiﬂléﬁé?wrﬂﬁ’éb&'@:[@ﬁétéMSeacl@ﬂE%ﬁﬁéYin§él§'B.
e

r I ncl r r voi r nmo in .
appa atu%s Clﬂ&?%é%leﬁﬁgeé%{c{ég §%¥§§s g§§ bg élspersed into areas

¥a | =

through which insects may fly and thus encounter the
droplets of insecticide, or aerosol insecticide sprays
may be aimed at specific target insects. Due to the
high density of insecticide droplets in the plume

20 produced during spraying, there is a high probability
that contact will occur between the insects and the
droplets. However, when insects are in flight the air
disturbances around their bodies caused by the beating
of wings may actually push droplets away. The

25 probability of a flying insect coming into contact
with one or more aerosol insecticide droplets is thus
largely determined by mechanical forces, whilst the
probability of knock-down or kill is subsequently
determined by the concentration and toxicity of the

30 active ingredient in the insecticide being used.

Spraying apparatus for producing a spray of

liquid droplets is well known. For example, such
apparatus is known in the domestic environment for
producing sprays of droplets of insecticides or polish

35 or air freshening compositions. Generally, such
apparatus includes a reservoir for accommodating the
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-2- )ijigsd conmposition to be sprayed, a spraying h

i ncl udi ng a%%%de/ﬁ?%?ough whi ch the conposition is expe??:cel- BOR/01378
formof a spray of droplets, and a conduit system whereby the
conposition can pass from 5 the resgrvoir tothe spraying head. The
appar at us may preferably be in the formof an aerosol in which case
it includes gas under pressure, possibly in a liquid state, which
expels the liquid conmposition (to be sprayed) fromthe reservoir to
t he sprayi ng head and 10 then out of the spraying head in the formof a
spray 0f11ﬂu¢ﬂeﬂcmposxtlon to Kenspraysd, t aesgraplingsheadvi ng t he

sprayi ng head , h di:hy electron
transfer betwee c%¥FI$$5UI {?{ﬁfﬁé.§§i§§ ?ﬂg %éﬂsogiﬁgggafg W have
real i sed that ¢¥P¢%1¢dx%%s%h% fQFm of alﬁﬁréﬁs@ftﬁEOPéﬁﬁﬁroﬁnéharge on the

dropl ets cShdiM £ | SPOELRY me@éu@plenslesﬁ 8sieibf aAhr atsgoerba
i nsects and to .ot her objects to occur, enhanced

arget i neb by (HEE GFSSFURGE SFQCEB0 Shtay U REagr coFBE APBREASRBNTAF 1 he
droplets in thsreferabhyrbe 1n the formuofhen, aeeokayeihowhdchhease
conponents of ¢ p C | tguid,k t he
ability 'g T %%%%ég %%#8% gg%gﬁéf %%Sigfﬁukﬂ gslggﬁgd

bei ng sprayed.stagee ¥ku¢mc%wmﬁl§ tmehbsque@ncﬁmnnaltlon (trabet he charge

on the dropl et S LNEgpeapse ORkaat appea
bet ween the Ilépf%f &?IFFOﬂMEWEZH%%ﬁzYOé |n|néﬁ é?f%ggng %ﬁe ggraylng

head. 10 theneyt Rhgthe sPravntnashead %He B?e§@HF PRvBnEPEAY30
provides a netépdaebpkétsing flying insects which nmet hod conpri ses
spraying into the ajr LD e ects ar | yi ng_l.iquid_droplets
of an insecticidal ©®% ﬁ@%bd%??l%ﬁopﬁgﬁﬁl 8?§?n€h eggﬁngngnbﬁFged to
t he ~ sai thaveua dswiabpl elsctyosivabie thyegectrnegtad bydelBetronphar ge
separation during, SPLAVLOgved el PPLREaCHARIEhe walls of the

15 apparatus. We have realised that it is necessary to

increase the level of charge on the droplets
significantly to enable electrostatic attraction to
insects and to other objects to occur, thereby
enabling enhanced targeting by the spray and also

20 allowing greater dispersion of the droplets in the
air.

Further, we have found that components of the
apparatus in contact with the liquid have the ability
to influence the charge given to the liquid as it is

25 being sprayed. More particularly it has been found
that the charge on the droplets increases with an
increase in the contact area between the liquid and
the bore~defining portions of the spraying head.

Accordingly, in one aspect the present invention

30 provides a method of killing flying insects which
method comprises spraying into the air in which the
insects are flying ligquid droplets of an insecticidal
composition, a unipolar charge being imparted to the
said liquid droplets by double layer charging and

35 charge separation during spraying, the unipolar charge
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- 3- whedng2at a | evel such that the said dropl ets haweBGBes/01898
charge to nmass ratio of at least +/- 1 x 10[err] C kg The effect
of the charging of the droplets wl]l be to generate an electrica
field resulting inthe 5 di ffusion-@-the droplets nore wwdely within

t he space into which they are sprayed. Flying insects are
usually electrically isolated fromtheir surroundings and nay be at a
pot enti al equal to their surroundi ngs. However, sone insects 10

t
fromtheir surP8iRgi hevel Su?ﬂtqﬂﬁegﬁQ%aﬁ?bﬁ dﬁﬂp}ggﬁagéﬁelﬁsect
within a cloudcghrge to alaged matsld m:har qBshdt quj d ﬂrﬁph.et"sCI/:kgi ikely to

cause a distortion | fi of the 1

generated by the drg& ?éé;gté#1€h1 argln trgc?h%ndggbgﬁgg V&Bﬁets onto
each insect w ble ke generaqumvacn,eq&mscaahoﬁmbdtneshbtu.aqgem ngeof each

| nsect . diffuklich 'd@@x‘@@!ﬁq]}é\hé h@owt&mﬁiy%éﬁmeenet |

a
char ged droplets and the 1nsects w conblneg ef f ect
of the additi odfitodimbieh dheYordk& sPrayedenerated within the charged cl oud

of droplets by the FlylngehQ@édﬁ‘s'i'arfé Qlﬁhé.’?ﬁf“@ﬂeé@rﬂadliycﬁbbmateﬁ the

are electrically cha%ggd so that they may be a eptial different

t t f h t t h, dropl et 5 dt
incect. ne | REeh iy (REEAPRIEE 2hd Ry bhcabn) BobEREERE of “cach

I nsect. This i epualeto thelntsunnnqnd1nqsof HdeevasecSomedahsdcuplets onto
t he |nse | Led
accordlng to S%E% S eCtﬁﬁﬁﬁéﬁ |nve |¥ﬁ%§¢%§§geéﬁé% Pgsghn%qu|toes
and wasps. potent1aﬂh@mﬁﬂannﬁnﬁxpmn%hﬂanesgréﬂ@n@éngs mad® ratio

cof at least +/ giknerli@idtidKd-anNEsdi el 1 REEPY8hin a clhBuABSE ratio

- of the liquid droplets the nore 35 pronounced t he, |nteract|on with the
{ i nsects. eleghpisyldto sharged liquid droplets is likely to

PCT/ GB98/ 01898 cause a distortion in the configuration of the
15 electrical field generated by the droplets so that the
attraction of the droplets onto each insect will be
improved. This amounts to the targeting of each
insect.

This improvement in the interaction between the

20 charged droplets and the insects will be due to the
combined effect of the additional diffusion forces
generated within the charged cloud of droplets by the
electrical field leading to modification of the
trajectory of each droplet so that each droplet is

25 directed to an insect. The insecticide is attracted
to the whole surface of each insect. This improves
the targeting of the insecticidal droplets onto the
insects.

Insects which can suitably be killed according to

30 the present invention include house flies, mosquitoes,
and wasps.

The liquid droplets have a charge to mass ratio
of at least +/~ 1 x 10°%“ C/kg. The higher the charge
to mass ratio of the liguid droplets the more

35 pronounced the interaction with the insects.



-4- The liquid insecticidal conposition which is

sprayed |nto“kpgmﬁh57|s preferably a water and hydrocarPgQKﬁkg&ﬂ&g,
an ermul sion, or a liquid which is converted into an enul Sion by
shaking the spraying 5 devi ce before use, or during the spraying
process. The I nsecticidal conposidig-on is preferably sprayed from an
aerosol spray device which is nmechanically operated under pressure.
More preferably the spray device is a donesti c aerosol spray can
which is of a size suitable 10 to be used easily with one hand.

Whilst all liquid aerosols are known to carry a net negative or
positive charge as &heesuiquist idmesiteicidal doprgsithienyivigichrishe
fragmentation 5 raydd Gnto thd R 6l pAd¥e R Pe I WPest eghd o dropl ets of

l'iquids 15 rayed from standard aerosol spray devices | s such as
to give a char@QQQ9QﬁER9W1ﬁ¥%¥Qﬁe«Mﬂ%/Qﬂu%§kPchﬁﬁ 3fligquid which %s

10[err] to 1 XcHMvairded’/i#to an emulsionNgy isnaninpneherépedyindgi es In one
enbodi nen of_. on conblnln haracterlstlcs of t

% t.her vario c Pﬁ
spray devPce |9%¥ﬁﬁﬁ(§%f9ﬁﬁaqﬁ%&a?§1 lghf(ﬁp¥7¥3ng PXO¢eqTit d-AF opl et s
as they are spmmﬁatﬁnumdaﬂucampunmﬂlon is pqﬁﬁgrabmycspra?mﬂoﬁromuan

combi nati on vary r gﬁgg td ed from
' the device. e%%Jc’qlAc or di ngﬁvz"célc ﬁmﬁlfﬁ q“é@g{s%gicéé ?eé%%?a%

i nvention provN@Q?EaEﬁﬁﬁﬁPQﬁﬂn(M?qﬂnRﬁﬁ %fﬁhﬁ%ﬂﬂhﬁ(ﬁpray eYHparifngd by

doubl e | ayer C'@fn@éﬂ@%x‘-‘d@ﬁﬁg%pray caﬁewf&ﬂ%t@flawiﬂedé@p{:sbseof a

conp05|t|on sp therefro a uni charge resulting in a charge
to 10%ass r"é{%t? Jiseft qasiy i rigpel C/ kg, which spray 30

device conprises: Whilst axm)11qund65§roﬁnlsfareekmmmmndatémgryhs liquid

COMOSTLION. | net neaadiyd of AAIAVND HEALd UPWLINED Lhsablld 15

expelled in t h&'F o a spra

99/ 01227 layer charglng, or the fraqmentatmdmfmglnmamsd

- o- droplets, the charge imparted to droplets of liquids
15 sprayed from standard aerosol spray devices is such as

to give a charge to mass ratio of only of the order of
+/- 1 x 10® to 1 x 10°° C/Xkg.
The invention further relies in one embodiment
thereof on combining various characteristics of the
20 spray device in order to maximise the charging of the
liguid droplets as they are sprayed from the aerosol
spray device. The optimum combination varies for each
- formulation which is to be sprayed from the device.
Accordingly, in a further aspect the present
25 invention provides a spray device which is capable of
imparting by double layer charging and charge
separation to liquid droplets of a composition sprayed
therefrom a unipolar charge resulting in a charge to
mass ratio of at least +/- 1 x 10™ C/kg, which spray

30 device comprises:
(i) a reservoir for accommodating the liquid
composition,

(ii) a spraying head through which the liquid is
expelled in the form of a spray of
35 droplets, and



(iii) a conduit systemfor feeding the conposition fromthe

reservoir to wdeso1z27 sprayi ng head wherein PCT/GB98/0189%)

t he spraying head has a bore through 5 which the liquid
is expelled fromthe apparatus, the bore having an L/a
ratio of at least &~ nore preferably at

| east 12, where L is the length of the peri phery
defining the bore outlet in 10 nmand a is the cross
sectional area of the bore outlet in mjerr]; and

b) the apparatus is constructed such that . t he

dropl ets are expel | &di¥) orft (3pNAUit system for feeding, tbheng head at a flow
rate of at 15 composittieri fromothesreservedendoantiehave a

charge/ mass ratio of at |east +/ 10[err] C kg.

The spraying head is pref éﬁ%ﬁﬁ%}r}%]}f%\%df%}?ﬁ%?n an insert in an

~actuator through which the) i qiirg ispr@ying dygrel |kals i m boref bhreugha spray

. the end of "the bore through which t

|

of dropletsg. For th%kﬁ%%g‘lu%%% eiﬁ@l?@?ef?!ﬂfnl fhel S

expelled in the form
of a spray fromthe apparatus, appParatyify rfdie R peayiprgednah/arrefee. 25

The el ectrostatic charge on theg@plidss4Tedo bemore pre&Eéhsb1g AESItive
charge or a negative charge. ' jt, ]

ilst jt,is_kno t hat reduci ng
the cross . secti onal area%ﬁa%§(ﬁ%«i%hﬁr?n¢f*%ét?ﬁrﬁgﬁﬁgﬁthhgge
liquid is sprayed w |l increaseediphermy giefinide &9e boreqoutlepr aned
t hr ough tﬂ@ orifice, in order %@\and af%éﬂéagfé$§g§h§gg§'5§gyi5§gabx t he
present infnvention it woul'd be necessary to0 Teduce fig" eF 08% secFionaI
area of the orifice to such anthe dsre utléte Tprmy’; and rate woul d

decrease. In putting the igwventdan ddffrakus iP'EGhs€LutPEISBLAY ERAL IS

mai nt ai ned at about 0.5 rans. per. second. For a circular orifice,
this spray WO 99/ 01227 the droplets are expelled from the
PCT/ GB98/ 01898 spraying head at-#-flow rate of at

15 least 0.5 grams per second and have a

charge/mass ratio of at least +/- 1 x
107 c/kg.

The spraying head is preferably in the form of

an insert in an actuator through which the liquid is
20 expelled in the form of a spray of droplets.

For the avoidance of doubt, the bore outlet is
the end of the bore through which the liquid is
expelled in the form of a spray from the apparatus,
and may also be termed an orifice.

25 The electrostatic charge on the droplets may be
either a positive charge or a negative charge.

Whilst it is known that reducing the cross
sectional area of a circular orifice through which a
liquid is sprayed will increase the charge on the

30 liquid sprayed through the orifice, in order to
achieve the charge required by the present invention
it would be necessary to reduce the cross sectional
area of the orifice to such an extent that the spray
rate would decrease. 1In putting the invention into

35 practice the spray rate is maintained at about 0.5
grams per second. For a circular orifice, this spray



rate can only be achieved at the sane tine as achieving t he charge
required by sent invention by using propel | ant

hi gher pres‘s#l?r.'?/(?%%n that which is normally used in spray dég\’/;l 28e9§
i.e. 5 typically 40 psi. Preferably, however, orifices which

have a tortuous periphery are used whilsgt naintaining a large cross
sectional area. In this manner, the spray rate can be naintai ned at
above 0.5 grams per second usi ng propellant pressures normally used
in 10 spray devi ces. The periphery of the bore outlet is thus
preferably tortuous and the flow of the liquid over the tortuous
surface assistsate cap Phyyi HebecbipNgd at thehgSagel HimelA®| e | ayer

charging. 15 achlev1ﬁ§C€ﬁQ'Bﬁ£¥geu§baﬁl%eapﬁ%\Mﬂé1§%ééﬁﬁﬂ0ﬂﬁventlon
periphery, the L/a ratio may_be feduced to_a

apparatus is cBﬁs??hEgeHrQEEﬁl?ﬂﬁtthé much %&daﬁ?ﬂRF%ﬁ§P%&eEm?%d fromthe
Sﬁrayl ng head alﬁaa whovh is normaelef used dastsptrad glerdcees Seeond. 20 |
The spray'ng VIC sen n P y eroso
spray” de REERRLY A8, BRES PreBRE AT, Mimavar . BFLEL8lg ylcR

| i quefi ed pet rlmaeena tortugus peglpbetamer@n@h/sad pihoideste a h@aining he
reservoir. The;spy én §§dsQEtEBﬁa§e$&%ﬁ forgE iid wehner OftRE actuator,

oper abl e by the use a val ve ~assenbly to cause the liquid in the
reservoir to bePray raE%pEPPeBefPGHPFHé”§Sr&F|ﬁ?Q%%uP1$1Q¥Eﬁ$oP%¥of

droplets. ThUSseE&nﬂDMsmﬂgt b?oﬁélﬂ!ahw pre@@uirdd ridrmally W€sd pesition to
a second ctuatln gsitign e 30 pressure in the reservoir is

rel eased-%nd t 7R X dévie ©Sforces the liquid fromthe reservoir, along the
conduit system to The perdpheyyhedd thed Mdmssn autlet is thushe spraying

head in the fq épggérébigegxregpggquhﬁ ghFOfl@kp@fﬁfié"lf%ﬁq&yo%%Pe acroso

spray device i era inth rmof an aeros can I s of
a V[)gghglggvtuous surface assists in the liquid begmymiomms/ 01898
-7- charged by double layer charging.

i5 Accordingly, using a bore with a tortuous

periphery, the L/a ratio may be reduced to at least 8
and the apparatus is constructed such that the
droplets are expelled from the spraying head at a flow
rate of at least 0.4 grams per second.

20 The spraying device of the present invention is
preferably an aesrosol spray device which includes a
gas under pressure, for example liquefied petroleum
gas e.g. butane and/or propane (LPG), in the
reservoir. The spraying head of the device forms part

25 of an actuator, operable by the user, of a valve
assembly to cause the liquid in the reservoir to be
expelled from the spraying head in the form of
droplets. Thus, by moving the actuator from a first
rest position to a second actuating position, the

30 pressure in the reservoir is released and the gas
forces the liquid from the reservoir, along the
conduit system, to the spraying head and then out of
the spraying head in the form of a spray of liquid
droplets or slurry. The aerosol spray device is

35 preferably in the form of an aerosol can which is of a



size suitable to be held in the hand and used in domesti c situations.
The act uat oWQ¥MRA |y conprises a body portion I ncl udiPOT/GBISBLEIBS
for acconmpdating the insert (as a 5  part of the spraying head)

i ncludi ng the bore and preferably a swirl chanber through which the
l'iquid passes prior to reaching ttfe bore. The recess is in

communi cation with a val ve stem comuni cating with a tail piece which
in turn is in communication with a 10 dip tube extending into the
reservoir. Thus liquid can pass fromthe reservoir to the bore of

t he sprayi.,ng hea i ongqui yst.em, conprisin h L P t ube,
the tail pi ece,gl?%e s\'ilzi‘l%\?\éls (ca%'nqn q}%héhe;cfu% otﬁ‘enn‘éﬁér%%&esgsgédl{’he nozzl e
swirl chanber @omestdsemituations. It is possible to inpart higher

charges to the THd %&ﬁ&p!geéﬁemwoeaﬁﬁgigate Heb8hyaborthane and

di mensi ons of the actuator e insert 1n the actfuator I ncludi ng the
orifice fromwANGRUGRAY PFqEieFass for acgamprdpting the énaeytt K@Sdfp tube

of an aer gSO\|Nh§Qﬁ-t_ oiplt&llkbé @@ﬁa@qr?ﬁdaé&?hq{mfﬁmmdﬁm&b@ietgﬁ? o
conposition which_s e spr.ayed, s e . _reguir evel o
cth ge i s genePAF&ST iﬁtyhé‘ i) cd&%‘g’sﬁr[ %&F?%g}bli"grbje?léeghﬁsfag‘db ets.
A nunber of chaasskeer pstiices tof raackeings dthesraye 25 The deecessi bsr éase
doubl e | ayer chapgling AR FNAIAS a val ¥ EINSARIRECaL M| i gthd

e surface of 't

formulation and t ] | es of the conponents, the” aer 6Sof Spray
devi ce. Such i feAdaPdecs ¥Mchugn taButisHyln Rewmenicationhvithnay
i ncrease; phe ta&gult@w,e@&etxmﬁd AMEN UMb rvoiPe OpNhE€1ighRtlal NCrease

the frequency and vel ocity of contact between the liquid and the
i nternal surfal8® Pass fdﬂ)‘{"mt R FRSETEH kP Ve PR et taeor.
The val ve st emspralyices heaed oriamonduit isnestem compriking the aaspve stem

I e o RABEE B LA e M L LSS RSy 0 REE, 7L

WD 99/ 01227 recess and the nozzle swirl chambeP(rif-R98¢94803.

- 8- 15 It is possible to impart higher charges to the
liguid droplets by choosing the material, shape and
dimensions of the actuator, the insert in the actuator
including the orifice from which the liquid is
sprayed, the valve and the dip tube of an aerosol

20 spray device and the characteristics of the
composition which is to be sprayed, so that the
required level of charge is generated as the
composition is dispersed as droplets.

A number of characteristics of an aerosol spray

25 device increase double layer charging and charge
exchange between the liquid formulation and the
surfaces of the components of the aerosol spray
device. Such increases are brought about by factors
which may increase the turbulence of the flow through

30 the device, and increase the frequency and velocity of
contact between the ligquid and the internal surfaces
of the container and valve and actuator.

The valve stem includes one or more orifices
linking the valve stem with the tail piece and the

35 tail piece includes one or more orifices linking the
tail piece with the dip tube and the nature of these



orifices and the dianeter of the dip tube influence t he charge given

to the liqui particularly, the smal ler the size o ch
stemorifi ce\ganl)vg{zg7 fewer the stemorifices, the great ef’cnl}}é%?ﬁ!;elsgéi

contact 5 area between the valve stemand the |iquid and hence t he
greater is the charge in the liquid. Ang- arrangenment conprising a tail
piece orifice in the housi ng of 0. 65nmm and a reduced nunber of hol es
in the stem for exanple 2 x 0.50mm i ncreases charge [evels 10

during spraying. However, as a corollory the flow rate of the liquid
Is restricted. Siml ar considerations apply to the tail piece

orifice(s) andorificeshardl &ihe ciagfeter @f pthebdipatuber dRfdugnceve of
for exanpl e, atmét céx%&ndlmé{r\% ﬁi&é‘@i?\(ﬁ)ld' nﬁaﬁas?ar%éculhmyc,hw

| evel s on the |iqui have und that the de
t ur bul ence smaddiedt itk i 3% PhENS RF ©3sh| BEEMORE LERS @I’i’dt frde
spray device i Hdwéanagfe tdifent o Fl @k | hehé i goedter is dh@plce:malcebaw ng the

' d. Th bul bl h I
harge of & he AB0H PecwedH e Vi iye, o g iand, EoRc 1R A ARG nBRR

i nterface, themgr@as:fefzec:ts vtehey chardge imethel kighighe IAlnqw d thereby
encour agi ng fu L8y, :ai%s]{ et yeen,the leleO Y iy
appar at us. ngeéuﬁ‘gﬁ{i n‘rff ‘ﬁ) é{\? B?eseﬁt orlf; ec'tis t

liquid to tur bli!oé’ﬁéé‘ﬁarﬁf tQTefrféW a}’?ﬂ:r%a%%%u?ﬂ‘é BRRPEE of holgs tll‘i‘e thiequi d.

The geometry ofsddie, x| x‘ahxq:n.t&:rz haso SOmm ﬁnﬁﬁékﬁdsl ahhw@@cqmltdwe
charge devel oped i.n the q_g swrl cha g er%llloyé’ conpri ses
a 30 pl®al i Ar%INY rﬁﬁftamhel °%Y%‘Fl' f2Bd2t BT P BFX €3 central
area and thencedte tdfe tde ayiquidebsl besericted. Simillae apparatus may

| i ncl ud fl d
o 0, ncl Ul 2 AP, apphPRLATELL el I BILERCEALS eyl topence
in aerosol sprdfien@igneten wf d&he |dlmoh‘pb¢se§ aﬁrrow digr itukee ofnabl i ng

the gas pressurgt Qaflpd F efidit ON. 27mm int¥€h9/ 81dméter, 1ncreases
PCT/ GB98/ 01898 -9- the liquid in

the conddi® sydemanafgagtavrls urthe liquid.

We have found that the degree of turbulence
experienced by the liguid as it flows through the
spray device influences the charge on the liquid
droplets leaving the spraying head. The turbulence is

20 able to dissipate the electrical charge of the double
layer, that forms at the liquid/apparatus interface,
more effectively within the bulk of the liquid thereby
encouraging further electron transfer between the
ligquid and apparatus.

25 The swirl chamber, if present, subjects the
liguid to turbulence and thereby increases the charge
of the liquid. The geometry of the swirl chamber has
a marked influence on the charge developed in the
liguid. The swirl chamber generally comprises a

30 plurality of input channels which feed the liquid to a
central area and thence to the spraying head bore.

The apparatus may also include a vapour phase
tap and the turbulence is also influenced by the size
of the vapour tap. A vapour tap is quite conventional

35 in aerosol spraying apparatus and it comprises an
orifice enabling the gas pressure to act directly on



and the spraying head bore. The orifice may, for exanpl e, be provided
in the tailwpissoe20f the val ve assenbly. GCenerally, theptaagpes/inidess
orifice, of for 5 exanpl e about 0.76mm or larger the greater the

tur bul ence produced and the greater the char ge devel oped in the

l'i quid. Q her factors whi ch®have an influence on the

magni t ude of the charge generated in the liquid are 10 the material s
used to formthe parts of the apparatus whi ch contact the liquid as
it is being transported fromthe reservoir to the spraying head and

t he ele tr' alBéEhXE'?glléggdﬁ %nkﬁgke%BQH%&ﬁﬁgf'éﬁet ervoir ! I quid

bei ng sprayed ticu ge can be Inparted to
the liquid drapﬂethe|SprhEnt head porg.| afhe sxpfiisa Mprdf EP%ctron energy

bet ween t he pBL ebbabraoéabae ihi gdied tal¥at er:ue@es SRUGh@SvAWNeN,
acet al , pones?er yvi nyl chori de and_pol ypropyl ene , |, tend to

i ncrease the éﬁaﬁgégwevep§nQF6ﬂﬂMerthﬁhéafﬁer %ﬁu9f¥ﬁ%9ﬁysﬂﬁ39§ﬁ needs
to be sugfici eﬁa{nrsle aboue! ecbsmﬁ\abh:yleer;@uctmegaseatﬁeﬂ)etml e to support

an el ec t|c char i |.st. not be| 0.con that the
charge dissi p&t SBCSUPEE%)CW@ aha Re g&&%l tl%Ol’léh e may be ot her
met hods for Zaeveldpeduﬁmimgetheqehéctrlcal doubl e [ayer which w |

enhance the char gi Wﬁ:%% ;'&Lh%%rpél-fa{w I iﬂﬂxence o;,hghgul k of the

l'i quid. to be Imted eorg
seems that anvepaitpder of that CHaygenmea@x@&%éred: L%I%eof t he

charge 4§ anYFﬁbbhﬂEbQﬁaQ%e%E%@ to ftoﬁ(ililgh@ ptafiﬂatéhld?ﬂllﬁixé|a1¥pa§]f@m§ he
reservolr up to,and i ncl udi,n e bare.in.the s ea
Furthernore, WRiSHJFEPERE g&‘ﬁ‘lﬂeﬁl acdne Pe q’rﬁ‘%%@ OXYFF | chanber,
t he actuator geym tbhleudesar¥oir twedchanispalayimepheagd dewd cehehi ch breaks up

the liquid 9/ A . .
PCT/G898/0189§leCtr%Qa% %%%%anl and chemical ﬁ&opertles of %n%05|t|on

and t her eby pldguids bedaict ispralyedhar dioxg particylamly jaudrezePosition.
Accordi pgly, RaZgl!idan Be iRPardeReto HMe 1iquid droplets if there

is a large separation of electron energy between the
material and the liguid. Materials such as nylon,
acetal, polyester, polyvinylchoride and polypropylene
tend to increase the charge levels. Further, the
20 liquid being sprayed needs to be sufficiently
electrically conductive as to be able to support an
electrostatic charge whilst not being so conductive
that the charge dissipates too quickly.
In addition, there may be other methods for
25 disrupting the electrical double layer which will
enhance the charging further by dissipating it into
the bulk of the liquid.
Whilst not wishing to be limited by theory, it
seems that another factor that may influence the
30 magnitude of the charge is any vibration created
during the liquid flow from the reservoir up to and
including the bore in the spraying head.
Furthermore, in addition to or as-a replacement
of the swirl chamber, the actuator may include a
35 mechanical break up device which breaks up the liquid



present invention provides an aerosol spray device of 5 t he above type

whi ch furt I ses a nechani cal break up device p | ﬁg ek t he
actuator a Ja%@ﬂ??{o the insert and pronoting break upﬁ%%h? éanhuid
conposi tion. In this enbodi ment of the aerosol spray device 10
the break up device preferably conprises-a circul ar di sk havi ng
generally radially extending grooves in one surface connecting with
an orifice which in turn connects with the orifice in the insert in
t he actuator. 15 The actuator insert of the aerosol spray
devi ce may be formed from a conducting, insulating,

seni conduct i ngowpostifiion anssithanaky rexerehes additional ghapghPfg use of
the above facherghel hilghid compg¥siE e, t0 ensure that the droplets

produced have a 20 char ge/ mass val ue, t least +/- 1 x . 10[err] C kg
and, as a coﬁﬁﬁﬂﬁgiébfx¢m9%p?a?gb?gd38€3g85u§§§efﬁet@Fprets

to travel furphkesentditwesitidnvpdesvides ahanerssol sprapndemicenakly the
case. Mypeover, because t hei.r | gh t he are
readily ttraSPSda gvghfg%g é%%ﬁqgﬁu%%y%gc?é. %%? Fh@§%§§#§%5§ becone
attached to breakaupbdievd gsarrdavietedrinbieet acteagorf agiagentsset s).

Some of the afqeeqputbenedd aaldiceidy | He8sk NGy of thbheighgnge devel oped
on the drople%g aFEb have thgﬁI égfect of ?e%ucing thg flowrate of the

liquid. 30 CPBREPAT1IM/y careful bal ancing of the factors, charge/
mass val ues of at |masthid -erbadinértr bfCtke aegtokbquishray deviilcaw rates of

| . d. d f bl |
Second M mofbe break S HMuA broter BV SoRREYsEE arBredidE™ PO
achi eved, 35 diskshdwdory lgethdmEiyn.radially @gtesddng2grooves in

PCT/ GB98/ 0189 ne surfﬁf% connectin wi?h an otifice ghich in.t}lrnThe
|l iquid dropl ets spraye romthe aetoso spray device will generally

have a range ePnagstsgaith thejrypifeicesineheninfertapfetBe from5 to 100
m cronmetres, Wokhiatckeak of droplets of about 40 5 m cromnetres.

15 The actuator insert of the aerosol spray device
may be formed from a conducting, insulating,
semiconducting or static~dissipative material.

By making use of the above factors, it is
possible to ensure that the droplets produced have a

20 charge/mass value of at least +/- 1 x 107¢ C/kg and, as
a conseguence, the spray produced causes the droplets
to travel further and cover a wider area than is
conventionally the case. Moreover, because of their
high charge, the droplets are readily attracted to any

25 other particle. Thus, they quickly become attached to
airborne particles or objects (e.g. flying insects).

Some of the aforementioned factors influencing
the charge developed on the droplets also have the
affect of reducing the flow rate of the liquid.

30 However, by careful balancing of the factors, charge/
mass values of at least +/- 1 x 10 C/kg and liquid
flow rates of at least 0.5 grams per second (and
preferably at least 1 gram per second and more
preferably 2 gram per second) can be readily achieved,

35 as described herein.



The inproved targeting of droplets of an I nsecticidal conposition

onto flying woseei®R7is |ikely to offer two inportant adwaicumispser
conventi onal systens. First, the knock-down rate is likely to be 10

I nproved since nore insecticide actually alights on each insect in a
given time period. Secondly, current ~11-knock-down rates may be

mai ntained wwth a | ower | evel of active ingredient in the insecticide
product . In order that the invention nay be nore readily 15
understood reference will now be nmade to the acconpanyi ng draw ngs,

| N whi ch: Thed Wit d bl &L y6aCEPSH ERE! haRoLBIOUGN
an aerosol spray device e ying the | nvention; igufe 2 is a
cross section tBpsaghdeNdceapyédlogeneraddynifiavefd Fapge af i 3YeE9%ti ng

some of the drop28B8Nenkesi AngteR! rarlRs @t ;from 5 to 10figure 3 is a
Cross section th[ouggﬁghe a

ctyat or I nsert .of the assenply_ of Figure
1 PG Ongtress ViR peals A FEAPIREHET DHOThAde
actuator imsertmioremkargsr scale illustrating the principl e of

doubl e | ayer charginq,fhe ﬁﬂgrerd é§é§g€i§§ié?ﬁ§g§$g?¥geg%fggn1the out si de

of the orificen t actuator 1n | I'ng a nunber of
al ternative conihgectiirédsl gompositiorFignhced lying cirssects obs di 1kel¥nt

configurati ons to offel th8 BRLBreanthadRiEdE: haAt tonvehfibhayre 3

when viewed in the directign i gures 7. 0,.7.30 show further

A F 7.1 to,
di ff erent S¥8hER§ur af L6/S ot ENRGKS HE S LS i b ebRdEenB%n 35
in Figure® wheimprevwed shdntkeemdirecdinsettAcide actudMPYHDIGRTs on
PCT/ GB98/ 01898 . , . . -12- Ej re 8
Shovs a first cORFPAPEECEn1iBr 2 gdven ting neried,  Secondly, curfek! s 1,
shown in Fi gur ekBock-dowphzatescwey ke mecrdiaigeid oni\) a lower lev@lgures

9.1. to 9.8. shgw itk - f tj f ' hamber ~of
0 Shgy Qlﬁgggégghgr@dlengo%i HHeA ﬂr%bﬁ:ﬁc%dé@ d;?ir’\béﬁcﬁ.a er o

t he spraying |q$re en viewed int ection B
Figure 10A is a side Wi @48 fihpt thecipvyeniion may be more readily

15 understood reference will now be made to the
accompanying drawings, in which:

Figure 1 is a diagrammatic cross section through
an aerosol spray device embodying the invention;

Figure 2 is a cross section through the valve

20 assembly of Figure 1 illustrating some of the
components in greater detail;

Figure 3 is a cross section through the actuator
insert of the assembly of Figure 1;

Figure 4 is a schematic side view of part of the

25 actuator insert to a larger scale illustrating the
principle of double layer charging;

Figure 5 is an end view from the outside of the
orifice in the actuator insert illustrating a number
of alternative configurations;

30 Figures 6.1 to 6.9 show different configurations
of the bore of the spraying head shown in Figure 3
when viewed in the direction A;

Figures 7.1 to 7.30 show further different

configurations of the bore of the spraying head shown
35 in Figure 3 when viewed in the direction A;



an enl arged scale of an alternative version of an act uat or show ng

the insert @8@9/@ ﬂ[;chani cal break up 10 devi ce; P'(::é‘%ﬁ/ ilé;@ S
an end view of thé mechani cal break up device illustrated 1n £|gure
8A, Figure 11 is a diagramillustrating the vol une of an
I nsecticide falling on tethered flies;-1d- Figure 12 is a graph
i1lustrating how t he knock down of flies by insecticide is increased
as the charge on droplets of the insecticide is increased, and
Figure 13 is a graph illustrating how t he knock 20 down of flies is

I ncreased using an aerosol spray with a spray head bore as

illustrated i n Fi guFégure 8gshows a doinrl cgpnhlauritiem L bbhe which gi ves

the same spraysyirl chiahBer of the sprR9fify Nhd GHdWIIES Fiqkk 3 a
sprayi ng 25 aé_ﬁar atus._ in accorgance wi th _the invention, of the

aerosol type i'"®Thoe¥ed tBnpPRsBITECELHP™ Bif or med of al umi ni um or
| acquered or unl acqeégeadesi B.pl.att® @&.8. show heiffdwents conventi onal

manner , fini . ' 2 r.a hiquid 3 | ctivity
such that® 50 SRERIFEFEISHE pe phaleyird, st b ML Y
charge. Al so |head e@f | Rigure canwhenavigwegnhdey the dinmatsian Smhich is
capabl e of forcing Fhgukediod 304 side vi¥w!PRrE€AP dnViéc@iGRNENI t System .
conprising a di tube 4_and _a val yve and ‘actuator assenbly 5. The dip
35 tube 4 iﬁﬂfﬁﬁﬁﬁfﬂ%deﬁﬂaéemﬁfcﬁntéﬁﬁ%ﬁﬂﬁi&%ﬁ VEHARL @8N perj pheral
part of the cactuater ashdhengete’ ingietft and a medHaH AP Dbreak up

PCT/ GB9 (91898 < . -13- IS connected to
a tail aece éi%chf%é val ve assenbly. The tail piece 8 is secured by
a nounting assenbl yF@gure 108 tise@n rersh opsni o) the tiechapicdlt he can and

includes a lo POt OfedPcgdet y N8 e 15 P .orifice 11 to which
end 7 of the |petubei)4 ?sgc mco%ﬁg& éﬁd.ln?'ﬁg zfleIS 8pf?'ece I ncl udes a bore

12 of rel ati vERGURSr Adwisi anmsi@gran | blhiisHorting the ayvelyme
relatively w def #h aiRéettdbidbSrupPRehgP @it it¥thk¥ed flieslhe val ve assenbly

aIsoirKi%Mes a Ste?&BLBS %g is a graph illustrating how the knock
down of flies by insecticide is increased as the
charge on droplets of the insecticide is increased,
and
Figure 13 is a graph illustrating how the knock
20 down of flies is increased using an aerosol spray with
a spray head bore as illustrated in Figure 7.1, as
compared to a circular bore which gives the same spray
rate.
Referring to Figures 1 and 2, a spraying
25 apparatus in accordance with the invention, of the
aerosol type is shown. It comprises a can 1, formed
of aluminium or lacquered or unlacquered tin plate or
the like in conventional manner, defining a reservoir
2 for a liquid 3 having a conductivity such that
30 droplets of the liquid can carry an electrostatic
charge. Also located in the can is a gas under
pressure which is capable of forcing the liguid 3 out
of the can 1 via a conduit system comprising a dip

tube 4 and a valve and actuator assembly 5. The dip
35 tube 4 includes one end 6 which terminates at a bottom
peripheral part of the can 1 and another end 7 which

;i
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10 nmounted within the bore 12 of the tail piece and arranged to be

axi ally di Sﬂkﬁﬁ%ﬁzz‘ﬂ thin the bore 12 agai nst the acti orp@f,gEeNdI868 15.
The val ve stem 14 i ncludes an internal bore 16 having one or nore

| at eral openings (stem holes) 17 (see Figure 2). 15 The val ve
assenbly includes an actuator 18 ~¥&xving a central bore 19 which
accommodat es t he val ve stem 14 such that the bore 16 of the stem pipe
14 is i n communi cation with bore 19 of the actuator. A passage
20 in the actuator extending perpendicularly 20 to the bore 19 links the
bore 19 wth a reces a post 2 nfed a
sprayi ng 1she°oﬁumf‘?1 %2 Y’%r% gf‘l nPrRSE B f%f C{ﬂ-& ?}‘6 a%%#rgggg.

which is in camntazbl ipiecetd ihespassage 20.a mountlng agsenhlyy2g9 of
oo el dn B bORInGD in TR UERD direu Edn SR aCe Of e

val ve stem 14 this Ing rin oses the |ateral
openi ng 17 i n inrludes ca stever4porhaonoadt Aafimingfa tall Pheceal ve

assenbly g s suygh; #ed hedothgisnt eaaory Je& the dip mahlysdepressed it

urges the vaIve sten114 30 ds st. the |on he spring 15
as shown R e 2TRS gﬁmﬁ Pﬁ&cfe 4%fq?§mf %
cl oses theIzﬂnﬁ}ﬂtxmniyrmaﬁfowldlahesed1sno@dwer1partlon 1paahd|a

provided fromidfa L[y %ialr' ibARLRY 823 ce uppdl OFcPBRAYSN, head so

that liquid can he press gas 1n the can,
to the wewmbveeeelsemhlﬁ admsguilncypstesma e sphpethé di p

WO 99/ 04327 mounted within the bore 12 of the €§31(§§@é9l§3§
-14- t ube the tail piece hore 12, the valve stem bore

16, the acthu%Fr?Rﬁ%ﬂlﬁp badaxhelpys8dgplaged within thepbeFefige 27 (not
shown in Fi gurgyadinéts the acPiowi 8€dspbrritee Mal | THe tVgl V@i stohecs 8 and 5

constitutes a yappu hase,; t wher eby t as . ressure in the
reservoir 2 ca]rf“g]g‘fé%gr%%t}Qégﬁn?ﬁe%°¥e '1% ?’(ﬁfldqq I%é)n%rtrﬂ?ﬁﬁgh t he val ve
assenbl y. Thislateral ioperdngs (Htemuhblles)ca®f(semw Figure.2)t has been
found t an '“Cre@ﬁédgﬁgg%‘és‘sﬁ_m@h‘i}"iCPFr.dldéeé hgnQctualibgmeger of the

orifice is at | east )
having a central bore 19 which accommodates the valve

stem 14 such that the bore 16 of the stem pipe 14 is
in communication with bore 19 of the actuator. A
passage 20 in the actuator extending perpendicularly

20 to the bore 19 links the bore 19 with a recess
including a post 21 on which is mounted a spraying
head in the form of an insert 22 including a bore 23
which is in communication with the passage 20.

A ring 24 of elastomeric material is provided

25 between the outer surface of the valve stem 14 and,
ordinarily, this sealing ring closes the lateral
opening 17 in the valve stem 14. The construction of
the valve assembly is such that when the actuator 18
is manually depressed, it urges the valve stem 14

30 downwards against the action of the spring 15 as shown
in Figure 2 so that the sealing ring 24 no longer
closes the lateral opening 17. In this disposition, a
path is provided from the reservoir 2 to the bore 23
of the spraying head so that liquid can be forced,

35 under the pressure of the gas in the can, to the
spraying head via a conduit system comprising the dip



Preferably the lateral opening 17 linking the val ve stem bore 16 to

the tail pk@ssyfQs£ 12 is in the formof 2 orifices eag %&&ggg
di aneter of not nore than 0.51mmto enhance el ectrostatic charge 15

generation. Further, the dianmeter of the dip tube 4 is preferably as
smal | as possible, for exanple 1.2nm-14- in order to increase the charge
I nparted to the | iquid. Al so, charge generation is enhanced if the
dianeter of the tail piece orifice 11 is as snall as 20 possi bl e e.g.
not nore than about 0.6mm Referring now to Figure 3, there is
shown on an 4ncreased cale, a cross sectron throu h the actuator

a

insert of th&WfhdtattRecFaEl gRieseboxg 22, the valve \ghem (R9%® ence to
Figure 4, as Iée theuact3a®dr botkows,t hnaughd hashaymelo 20, doubl e |ayer
char gi ng OCCHL S q nd on, t surro dlng body 25.
Charge of one polagﬁtgkggéggukh A% e %ﬂﬁﬁ? EP charge of the
opposi te pol &tavided uiml treswakhlt p the tabddpxgﬁe'ﬂuands the principle

of doublse |a§€f‘d’ns¥£tuté’§‘ai§%£'ﬁouﬁs hige! 't‘lgir grél%;{%'k%%ﬂ Q;t%%]he bore 23 the

charge in the urd 3,1s separated Qr she e charge on the
body 25. On e 110 ?ﬁereserv°éFr?r€@ntﬁ€q|4$§QPQ¥¥(RﬂnRh%ed i nto
droplets 26 dndruid fleabhgothitegh dhephallve aseemiasd tamigol arity in 35

accordance w C e separation. qccurring.. . WO 99/ 01227
PCT/ GR98/ 0189%‘@9& J'a{}ge £8Pl fends 3CEhe ri_qi:%l_ld. It has been 1o
magni t ude of fidvnikhafe am imeréageddcharge drsomrelvsidaa dst ttey energe from

the bong 23 clfififeer of 41SELBYCY2Y 3G Lo BaL f some of the

conmponents in the aerosol é devi ce as descri jove. For exanpl e
the dip tube 4 cahPﬁ%§§r§H1Ynﬁ e 1aterﬁ%zﬂﬁﬁQﬂHQﬁlln%Mmk#ﬂg.tﬁennrand 3.00

mm and may beralve stﬁéiﬁlsﬁélb@tﬁéi £608ha EQ'l)I”%&'e‘ée”Wé aly isUGh ah?} ol
has’a d amet GO 45 (A EIEer o6k PAVIEG * BIATRRPIER Aemase sl | or
A smal | er di &hetrer0.t%inm to enlpaece eletteesitatpieichate@ to a | arger one.
The Tageral QReNGS . PrARISLOLY PRYCGiameter of the dip tube 4
is preferably as small as possible, for example 1.2mm,
in order to increase the charge imparted to the
liquid. Also, charge generation is enhanced if the
diameter of the tail piece orifice 11 is as small as
20 possible e.g. not more than about O0.6mm.
Referring now to Figure 3, there is shown on an
increased scale, a cross section through the actuator
insert of the apparatus of Figures 1 and 2.
With reference to Figure 4, as the liquid 3
25 flows through the channel 20, double layer charging
occurs in the liquid 3 and on the surrounding body 25.
Charge of one polarity accumulates in the liguid and
charge of the opposite polarity accumulates on the
body 25. This is the principle of double layer
30 charging. As the liquid emerges from the bore 23 the
charge in the liquid 3 is separated or sheared from
the charge on the body 25. On emerging from the
orifice the liquid is converted into droplets 26 and
each of these droplets is charged to a polarity in
35 accordance with the charge separation occurring.



dianeters in the region of 0.51 nmto 0.61 nm but may be | arger or
smal | er. Smald ®roighizaneter |ateral 15 openi ngs are preferr edptGBaS/QISHS
ones. A smaller nunber of lateral openings 17, in the region of two
or three, is preferred, although agy nunber of |ateral openi ngs
may be present. The vapour phase tap 271 preferably has a dianeter in
the region of 0.76 Mmmto 20 1.17 mm but it can alternatively be of any

si ze or absent altogether. A |arger diameter vapour phase tap

is preferable to a smal | er one. The paraneters of the actuator
18 are al so FRQr Hfé%mwe aGE ugher cha§ae.t 192 Y 111‘%3111(& med from 25
any polyneric naterlal

as acetal, polyeSter, 50 yV|nyI chlorlde
(PVQ), nylon AreRlebEoRE| Bfic thpYe emerge pEremothecboppep
di aneter in thea¥£8d0Byo¥arying Qh%fﬁﬁﬁim@térﬁﬂbfbébméaaft&h@ any S|ze

The sh f the b 31, t k t of

spray devi ces FRBGPEPEReifs ERe delitat  boray dRyichoas AsbREirtg by
nmeking the oridbgee. For egampleculler dile thaege tannhever ani dnofext he

i quid d4oRhEkSr OBl BRL I NP7 A 0200 SPOBYnACKNECmEY pe

i ncreased. Such an orifice 1 ncreases the surface area
bet ween t he ||qgmatahqtsﬁefrﬁme@mnolymerlgum@EEEsaéf §H§h|ﬁ§ert 22 (see

Figure 4) | Solyethyle¥® 8% @HAbropylene. The tail piece orifice
PCT/GBQ8/01898§ yeEny Ybropy %h i ncreases the

doubl e | ayer charBFRfeEARIYhRAG. 2 diameter in; EReheghoB:Ofr %&AIB t he
liquid 31@and thet may beulbzgex afr tdmallerrtA22mi3terFddametéy. tAidonr ound

orifice may tgﬁﬁeégeo§ @Egeof aéﬁﬁgger£gdatgr%s§a£ﬁanne exanpl e or may

conpri se any er of § ‘may have poi nt ed,
rounded or squared Bhle lateraghdwpenbugauif prederabiiyvnihave wi dth which is

deternined by &0gngtégsolnt lag,enqrégq\/@ﬁto%h@ngflmmhtsho 61 mi@ bUR Gl

liquid formul ati on needs to successf ul % t h ough the
aerosol spray Beviggger or smallqrxnﬁmg%#¢¥|gggmapgg 42k@rBdr of different

confi gurpsi onsopehih§s EQéepZ'%fe%&'éii(afﬂiﬂPaﬂﬁeﬁ bAbsd A smalhere is a
four-1obed Shaﬁ&mbgf4gfnggtefni openings 17, in the region of two or
three, is preferred, although any number of lateral
openings may be present. The vapour phase tap 27
preferably has a diameter in the region of 0.76 mm to
20 1.17 mm, but it can alternatively be of any size or
absent altogether. A larger diameter vapour phase tap
is preferable to a smaller one.
The parameters of the actuator 18 are also
important. The actuator insert 22 may be formed from
25 any polymeric material, such as acetal, polyester,
polyvinyl chloride (PVC), nylon or polypropylene. The
bore outlet preferably has a diameter in the region of
0.3 mm to 0.9 mm, but can take any size.
The shape of the bore 23 is very important. In
30 known types of aerosol spray devices the orifice is
circular. It has been found that by making the orifice
non-circular the charge to mass ratio of the liquid
droplets emitted from the aerosol spray device is
increased. Such an orifice increases the surface area
35 of contact between the liquid and the internal
surfaces of the insert 22 (see Figure 4). This



di mensi on, each | obe being formed froma sem-circle 15 wth a radius of
0.115 mm Thyg ogRiB~i S illustrated in Figure 5 (a). The Q.q;&

descri bed has the sane cross sectional area as a round Sore 5?m5?§05
nmm r adi us, but the perineter is 14%greater and the L/a ratio where L
Is measured in mmand a is measured in_g%g I's greater 20 than 11. A
greater charge to nmass ratio is achieve when the liquid formul ation
of a domestic aerosol i nsecticidal spray is sprayed through the

i nsert from an aerosol spray device. For exanple, when using the
donestic aerosol insecticide "Mortein Utra Low 25 Al'l ergenic”

(Manuf act ured bindiesddds el dphlivbe, layer chastiabi ahdt ehacl@ ge t o nass
ratio is raised from,. -5, e g W th. 0.,4 i anet er

r ound or iTTRAF FHE ¥R %cr_z 18.’(.%&% 1%%%‘?’%5(‘} \énﬁ %1%;%3&63 é _n?g] t%n%

four |obed inseurfddestofite i nseytra25(ape Figwrel 430 A ngaraynceci at ed
that the |engt *bpifi{tf n?ar?fseaeeléhéhéhape o£P0Res2Art hbaugh iy ddie

| i quid passes is sma conparison with the perineter of the
orifice. 5 exanple K &Y HFOTPY LS8 r aR¥s OERBTd PR nPisichgpnels.

orifices for thghacdniwels ey thevehpoinvBiachrbanddd or Shfiee-<wad y
spaced rect angul ai chéiggel s_ta incpease. thgtge%lr{%therisar ea of contact

between the chdf mIsPYoF 12 Hinimum Wi
PCT/ GB98/ 01898 determined by the size of the nat¥owest channedlgmibdcind the

I nternal surfa . Fi O kil wst kat i fferent
si zed bores eag‘ﬁ ﬁp{é@l b%]ﬁﬁghgg%?%ﬁ?téaﬁaﬁFehgpg&?i)%r e 'trig\#g%lﬂdar
channel s.10 S#%ﬁﬁ%ﬁﬁﬂ%ﬁyitht@@?%tééeaagrﬁgpﬁ geraywiieyieas four 5

equal |y spaced circufpagueBannel susktPatesohddundeM E airrd¥aiterred
enbodi nents of the_jnvéntjon ore, 23

he has one qQf a plurality of

particul ar confFRfLlRELONS 1tf‘:’Ex | BET B¢ ZQUCﬁanP‘é‘E‘pilee @ﬁ%qhﬁaﬁi gur es
6.1 to 6.9 barel & qur fsur-lobed 7sRlpe, | 0.4Beaa Engmasdimurhe 10
apertures of the, bore:, are t y. r uger.al ' ._QH an t he
aperture- defirﬁ#%féé}$$bp%§%$ fﬁ%gb%%gggrgggﬁea g%@%b?qgeg§'re erghce
nuneral 3G | n with zasediwe of 0.11stmh.pEhighbexgk liengidiusttrated in
gggrture-def' NiPfhure 5 POJIIPAS BoriNGeB0EELEH! hak kheleRReLtREd in M

sectional area as a round bore of 0.205 mm radius, but

the perimeter is 14% greater and the L/a ratio where L

2

is measured in mm and a is measured in mm® is greater

20 than 11. A greater charge to mass ratio.is achieved
when the liquid formulation of a domestic aerosol
insecticidal spray is sprayed through the insert from
an aerosol spray device. For example, when using the
domestic aerosol insecticide '"Mortein Ultra Low

25 Allergenic" (Manufactured by Reckitt and Colman,
Australia) the charge to mass ratio is raised from
~5.7 X 107 C/kg with the 0.41 mm diameter round
orifice insert to -1.8 x 10°* C/kg with the 0.46 mm
four lobed insert illustrated in Figure 5(a). It will

30 be appreciated that the length of the passage in the
bore 23 through which the liquid passes is small in
comparison with the perimeter of the orifice.

Figure 5(b) illustrates two different sized
orifices for the actuator insert each of which has

35 three equally spaced rectangular channels to increase
the perimeter area of contact between the charged



15 ainmR is the total area of the aperture at the bore out | et
and the val uee 9601221 and a are as indicated on t he Fi gurpRsyGRIR/oTEyst
cases, L/a exceeds 10 and this condition has been found to be
particularly conduci ve to charge devel opnent because it signifies an
20 I ncreased contact area between thgyspraying head and the liquid
passi ng t heret hrough. It can be seen that many different
configurations can be adopted in order to produce a high L/a ratio

Wi t hout the cross-sectional area a 25 bei ng reduced to a val ue which
woul d all ow only | ow liquid flow rates. Thus, for exanple it is

possi bl e 11quudeandrapengnhea@aﬂoﬁmnﬁﬁﬁégﬂﬁeﬁh%n@OIE) Fagneen

the bore out| o (GOTPS| 58 2cBEVEM (i (HerMATSIN 2dd ioros eadobieures (v th

or without a ce aperture) as IlTustrated in Figures 6.1 to 6.7;
Figures 7.1 towhish has f°HﬁdeEPQl}r1é’s spaped zeetangyparsChannelsy 7 20,

7.25 andr{gdPe 6i(h) Whgheithaltlees @Jtéletgr@rm@fénwmca has fopkurality
of sector-Ilike a&;iiﬁres as .ill.ustrate 6 to 7 and

Figure 7.23; (¢ eFBPﬁth81§§UIa§bé?FﬁPE%1§bggéh%?c?ﬁaﬁPSﬁ YotPet in
‘the formof a prefergedl emboddmethtas ofl [tust riateshtiofkj gbhesbdre 28 7. 11

VO 99/ 01227 has o9e23f ? g}u lity of art*cu %;7£§ﬁ§§gﬁ?gglons

-18- erern the out ener
cruciform as .Emmpitaseefu gurhg boress aB‘Earﬁi‘CB"@ in Flgureauﬁeé $026.97 28

and 7.29; (v) %&r@hguwg aner ey €530, 1d oaeéélerﬂgui-eg aaneutlet in the
formof concentric as illustrated in Fig

rin
conbi nat +8ns aPertBFe§h8§etg&nﬂ%ﬁﬁ%%?%nﬁ?%ﬁﬁﬁpfﬁw|TFE?F?HF@anWeFP&ureS
7.18, 7. 2# 5- 24, ?KdZEhdaa&rmd-e?- e £ ifaird opbetigns of theebereedrare
sprayi ng hea an mhere n.a ong [ protrudes
into the |iqui géalgy re %ﬂﬂ?%ﬁﬁ?%maéibrgﬁeﬁaFﬁe§§8§ gge
i1l ustrated |ntota1 pérgphexal m@nqtnupf7tma.aﬁeeeuaqddefzalnwhus

Ui brati onal  pr gREEknERkeCRAEGRu ShiIoe! i 8GERbBA by 1 dHEmhoaRR g0

di ssipation fr | ectrical ers 1nto the bulk of the
liquid 18 a in pafelsiBaenbatasd FF@ér@fSthﬂuﬁﬂ?quEﬂuﬂﬁl%P%I%ﬂre

outlet and the values for L and a are as indicated on
the Figures. In most cases, L/a exceeds 10 and this
condition has been found to be particularly conducive
to charge development because it signifies an

20 increased contact area between the spraying head and
the liquid passing therethrough.

It can be seen that many different

configurations can be adopted in order to produce a
high L/a ratio without the cross-sectional area a

25 being reduced to a value which would allow only low
liquid flow rates. Thus, for example it is possible
to use spraying head bore configurations (i) wherein
the bore outlet comprises a plurality of segment-like
apertures (with or without a central aperture) as

30 illustrated in Figures 6.1 to 6.7; Figures 7.1 to 7.5;
and Figures 7.12, 7.15, 7.16, 7.17, 7.19, 7.20, 7.25
and 7.30; (ii) wherein the outlet compartment a
plurality of sector-like apertures as illustrated in
Figures 7.6 to 7.8 and Figure 7.13; (iii) wherein the

35 apertures together form an outlet in the form of a
grill or grid as illustrated in Figures 7.9 to 7.11



vi ew of one possible configuration of swirl chanber 35 of the
sprayi ng hea swi rl chanber includes 4 | ateral c s 3
equal l'y spacggggﬁgﬁ?anential to a central area 37 surroEﬁﬁ@ﬁ@a?ﬁés
bore 23. In use, the 20 liquid driven fromthe reservoir 2 by the gas
under pressure travel s al ong passagg_20 and strikes the
channels 36 normal to the |ongitudinal aXxrs of the channel s. The
arrangenent of the channels is such that the liquid tends to follow a
circular notion 25 prior to entering the central area 37 and thence the
bore 23. As a consequence, the liquid is subjected to substanti al
}:!Jr bul egcel }Nﬂi C'&n@”h@%@?fs (iRg wherfgiei &t @1@13%19 pﬁacgeﬂe'ﬁanpe : i qu ?Tb

i gure illustrates different .configurations, or t rl chamber
35. In each ca§€§FlFR€mmﬁ%ﬂ£ilug%r%%ﬁé%ﬁﬁrﬁiﬁﬁ{%%sét a & §g$e | at er al
channel s 36 for Figuresf gedilng 7t.l28 largui?d 2Bngent ivhéyein the apettatesarea

37 SO as %%gje@ﬂ%&-t dltg:fg?\'él & %k{%néf %Org % de SR V\éfgconCﬁntr ic

t her et hrough. 357 Figures 10A ) ustrate_a nechani ca
break up d&vi ceringahiash iddpstdatasd ih Rghbisat i bhi and compgnabionso7

PCT/ GB98/ 01898 of these confWdurdti®rdsfiidh 22 t1insELacLat PR Phgugeson
t he liquid droplets. The device is |IIusH%a;ed I n
I

Fi gure 10B
and conprises a’citfeularidi dk2f2 Hah’g o Teftd’ 22 B??£?8%12§1§nd f our
grooves 44 in opeeferirade arth&praying osatkt corf igeratiiors whdrekhead

OiTice 4a - “eohald 2ike, rer i Uit TRES it 14080 ERORC

orifice 430nay stream posi Caond® oxdoated ctherxghy . as illustratédgine 10A
illustrates an Q.Ii%%.ggt Vg oversiion of {0 7. 20 [k UL 9E . Whpghgi ncl udes the
Th inel’ ] dte

break up device 4T. . e channel 23 is connected to an annul ar chanber
45 Wi th avderatdionsds Praperdy MY IHhARce RKEeabrigat chargipgeak up

device 41 is atgaehed charide idiyigtiacer®m the eldettNegitaddbreth its

‘radially extendi,ng groqves 44 1 f aci the bpss 46. The liquid 40
- passi ng al ong tr}«??’eq's * a%ﬁ‘(ﬁ %X}]%rﬁafgrtg% 42" annul ar chanber 45

1

ar ound 15 Referring now to Figure 8, there is shown a plan
view of one possible configuration of swirl chamber 35
of the spraying head 22. The swirl chamber includes 4
lateral channels 36 equally spaced and tangential to a
central area 37 surrounding the bore 23. In use, the
20 liquid driven from the reservoir 2 by the gas under
pressure travels along passage 20 and strikes the
channels 36 normal to the longitudinal axis of the
channels. The arrangement of the channels is such
that the liquid tends to follow a circular motion
25 prior to entering the central area 37 and thence the
bore 23. As a consequence, the liguid is subjected to
substantial turbulence which enhances the
electrostatic charge in the liquid.
Figure 9 illustrates different configurations
30 for the swirl chamber 35. In each cases, the swirl
chamber includes two or more lateral channels 36 for
feeding the liquid tangentially to the central area 37
so as to impart turbulence to the liquid flowing
therethrough.
35 Figures 10A and 10B illustrate a mechanical
break up device 41 which may be used in combination



the central boss 46 and then flows radially inwards over the front
face 47. | nwobygi2sp it passes over the face of the bre ioR €
which is formed with the 20 radi al |y extendi ng grooves 44 gﬁgﬁﬁdgﬁﬁﬁ

al ong the grooves. This causes break up of the liquid and

I ncreases the charge in the liquid. Thaadditionally charged |iquid
flows through the orifice 43 in the device 41 onto the orifice 23 in
the insert 24. 25 I n one enbodi nent of the invention the charge to
mass ratio of the liquid droplets of an insecticidal product "Mortein
Utra Low Al lergenic" (Reckitt and Col man, Australia) sprayed from an
aer osol spray with tM@v;n%eMESZ%nhanéeqr?ﬁ@m tb%<QRﬁ¥§¢]°m7¢@Fto -3 X

10[err] 30 i PYarshigt s, ”B@ﬂénaﬁ%hcgr%%kimld¥¥ﬁé¥%&*hn Figure
illustrated in gure 10A and 10B an orifice 23 havi n alobed

structure as |W‘ﬁsﬁﬁ%t%@l‘“ﬁ’ﬁlﬁﬁu?ec%c‘nar ddff &2 deseinda @BbEal Thi s
was in conj uncd¢Pfidé t43 and f@hhed;reevmenam S.eroriehesv:&f.)ﬂ’a'?dedevrlﬁ:@ havi ng

the 35 follomnn ar aneters ol vet hyl.ene dij 4 of 3.00 mm
i oarer 5 o't St antes 48 TEHE SunfafOong) HERG Yhdtin i Mgiaty &
PCT/ GB98/ 01898i1lustrated and connect with the Z@®ntral orlflqbah%ter f our

lateral openings.td &in0814 W%ﬂﬁg£e5f the Vzgé/adqptg %aﬂ?grl fice 27

of 0.76 mm di amﬁ resent invention urt her
descri bed OrW%Che ré3 e?‘%lﬁc@OFobPhEW’éftIl@\m%‘?g XAl e CoprEnl 1%-

iIlustrate how ah 'Fiéﬁééelbﬁ iheuehageHmr he1téfh€ive verdionl sgs | ead
to enhanced targetin

e e 10 3 i At e wii 08 LPRERABs, she,dranl AR YIS 4] phor a
eryt hr ocephal arti¢ icisanwe® 23 efhl goknkekbeedbtd rageanMmMlar chdmise®ds hour .

They were then, [ooyedolEom HHEel #6780ving o FUbIETEadprad w0 digurs to

reach roomtenperature and’ t he
i ndi vi dual |y Jhreakpﬂpwdswxoea4hyienat@acb¢dath|h$anmnnnﬁ(gyxﬁac@|mf(E3)

the insert 22 with its radially extending grooves 44

15 facing the boss 46. The liquid 40 passing along the
channel 20 enters into the annular chamber 45 around
the central boss 46 and then flows radially inwards
over the front face 47. In doing so it passes over the
face of the break up device which is formed with the

20 radially extending grooves 44 and flows along the
grooves. This causes break up of the liquid and
increases the charge in the liquid. The additionally
charged liquid flows through the orifice 43 in the
device 41 onto the orifice 23 in the insert 24.

25 In one embodiment of the invention the charge to
mass ratio of the liquid droplets of an insecticidal
product "Mortein Ultra Low Allergenic" (Reckitt and
Colman, Australia) sprayed from an aerosol spray
device was enhanced from -3 x 10 C/kg to -3 x 107%

30 C/kg by using a mechanical break up device as
illustrated in Figure 10A and 10B with an orifice 23
having a lobed structure as illustrated in Figure 5a
and as described above. This was in conjunction with
other components of the spray device having the

35 following parameters: a polyethylene dip tube 4 of
3.00 mm diameter, a tailpiece orifice 11 of 1.27 mm



passi ng through the side of the thorax. A standard aer osol spray can
of Mrtein Uygdmysy Allergenic I nsecticide (Reckitt & Col

Australia), with 0.5% "Fl uorescein"” (Acid Yellow 73, AIHFTEH?BQHﬁéd
to the 20 formul ati on, was wei ghed, well shaken and placed at a

distance of 1.8 nmetres fromthe fly in g1 electrically I sol at ed

pl astic holder. The can was aligned so that the fly was centrally

pl aced in the stream of droplets of the product that could be sprayed
fromthe aerosol 25 spray can. A two second spray of droplets
of the product was emtted onto the fly. The fly was inmediately

renoved fromtdﬁamétemndf@mncbdténah opehingst a7niofg 05 61 mm diamdtew| d

phosphat e buffer I 661 3 [ R
NaH[err]Pqerr rf%d? ‘%#ﬁ& wa%?gﬁ% yk gf 0.7 WH{% gﬁeé%e the quantity
of product emtted ﬂbelpgeshat 1nven§xp@rWﬁ&ﬁ berfarthgr deseribed the fly
was seal ed, e it %@B&Peﬁé@ é&oeﬁ@ famewngd@&&mgq@@ i3y for 24

I C

hour s, after time the f é ent | ¥ gP w th c] ean.
tweezers.5 ThetituFtrate ooy 2 o’r%‘?? ase 1n € SnF 7% Thehe Lok
tracer washed dropléte 1é3a to enhan¥€n98aPd22ing of flying insects

PCT/ GB98/ 01898 -21- was kept dark
and cold in the refrigerator until anal ysis coul d take place. Eleven
replicate operations were perf BXAMPLE This way for the standard
aerosol insecticide product. 5 The charge |l evel on - the droplets
emtted from t he_aerosol spray can was then art|f|C|aIIy rai sed to

a chargél@o nass rabi §1reyemetrigppEsRYn¥RS feflﬂm'err(fa liphoxayg py
applying a volé PPEhtScéphaFeof) Désthereanrbedly killed b ffx\/ééiﬁgf power

supply. The ab ve descrlbed r nt _was_rep mes with
-10kV appl i ed e Doy oo 3%dw?ﬁ§n£g§ntfﬁggv %t%a 31 $%f% o the
can. andtﬂgﬁtfﬁon1the hoatgste néabheroomt&mﬂpaﬁatdne vial s

a 3nm aliquot g€$ Aakegaéﬁogifaﬁgﬁv%gkﬁ? ggg fﬂafuga&4}¥$yorescent

tracer in the ution was ned anar. ysisin a I n- El mer
LS3-R 15 pinned to a nylon rod by a flne entomological pin (E3)

pa551ng through the side of the thorax. A standard
aerosol spray can of Mortein Ultra Low Allergenic
insecticide (Reckitt & Colman, Australia), with 0.5%
“Fluorescein” (Acid Yellow 73, Aldrich) added to the

20 formulation, was weighed, well shaken and placed at a
distance of 1.8 metres from the fly in an electrically
isolated plastic holder. The can was aligned so that
the fly was centrally placed in the stream of droplets
of the product that could be sprayed from the aerosol

25 spray can.

A two second spray of droplets of the product
was emitted onto the fly. The fly was immediately
removed from the pin and placed in a vial containing 5
ml of cold phosphate buffer solution (pH 6.8, 0.1 M

30 Na,HPO, + NaH,PO,H,0). The can was reweighed to
calculate the quantity of product emitted during the
experiment. The vial containing the fly was sealed,
shaken and stored in cold, dark conditions for 24
hours, after which time the fly was gently removed

35 with clean dry tweezers. The vial of buffer solution
containing the fluorescent tracer washed from the fly



fluoroneter operating at 490nm excitation wavel ength and 515nm

em ssi on wawebengizby The fl uoroneter was bl anked with apégﬂﬁbgmgbs
buffer solution in which an 20 unsprayed fly had been placed fo

hours. A standard calibration curve was obtai ned by applylng

known quantities of insecticide fornukatton to a fly by mcro
applicator and placing the fly in 5m of buffer solution for 24
hours. 25 The nean results of the analysis are given in

Figure 11 and show that raising the charge to mass ratio of the

I nsecticide product from-3 x 10[err], C kg -2 x 10[err] C kg (by

appl yi ng -10 R@s &epte dagiodd grig in thec’éﬁf"#ﬁ@F@&?é‘s Yvean vol ume
of product al Iamatllyms)rb&ﬂtd ta’:keﬂp’lédi@m OEJBé{zehr}:lequcaté?[err]l an

i ncrease of 35% \ ﬁgarge 0 masg_Fl |to e rdal sed
to + 3 PPFF nﬁ)ﬁ&f?tﬁ%%ﬁﬁﬁ??%glﬁ kY Y8Y fETadPSs 2N spray
can) the nean aerosl dinsewteitide derpdectict alighting on the fly is

raised tq 0.40[err | e 5 0 . 27
e 01898[ lthe AndPGE :féw(;ei; on tik Eﬁ'éfp%f_ts .emltvt\gdgg-tlzogﬁg h
results as il [thst eERasal SARAK can wagohhen arggdiedpiilyerad sesy dios.

The charge t0 JRHrA it Qﬁth]Q-th‘ﬁ@CiéGéﬂeof appdofimate19an & uerhatively
be raised by nodifications 5

to the aerposol spray dey npone nts in
accordance ~ S/X# HY ARPIYANG] OF° 99%%aﬁ #g gegg HgsigFaHQ9
x 10[err] C k@ ¢aryhberaictis gy gebwer Maupeln. Ul The hbove desAlidedeni c

o ropl Afed wartrar et S g o neF A8 rim aw‘é%ﬁp%?@a@’é%?@%q—é%%n“?hién

orifice wihteh canmesidhrihen 12 cokmep WithcelO0kVi bppiliedr k@l the surface
as described Wiy reference to F| gures 10A and 10B. The standard
actuator is a two-piece spray actuator w thout an insert. This

charge to nass rati®P 1BeT °¥'§ Eﬁ?fPEPéMFlﬁo°§ffh@& qanEed ifcridle in
targeting viademensinatad fio P s ceaken otohheachakdaldiahacthe to

the seaqyof t@%fﬁ%& of fluorescent tracer in the solution was
determined by analysis in a Perkin-Elmer LS3~-R
fluorometer operating at 490nm excitation wavelength
and 515nm emission wavelength. The fluorometer was
blanked with a sample of buffer solution in which an

20 unsprayed fly had been placed for 24 hours. A
standard calibration curve was obtained by applying
known quantities of insecticide formulation to a fly
by micro applicator and placing the fly in 5ml of
buffer solution for 24 hours.

25 The mean results of the analysis are given in
Figure 11 and show that raising the charge to mass
ratio of the insecticide product from -3 x 10°° ¢/kg to
-2 x 10 ¢/kg (by applying -10 kV to the aerosol spray
can) increases the mean volume of product alighting on

30 a fly from 0.34ul to 0.47ul, an increase of 35%.
Similarly, when the charge to mass ratio is raised to
+ 3 x 10 c/kg (by applying + 10kV to the aerosol
spray can) the mean volume of insecticide product
alighting on the fly is raised to 0.40ul, an increase

35 of 18%.
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EXAMPLE 2 20 Enhanced Knockdown of Musca donestica

Knock- down &¥R@fysents were done in a British standard oom
measuri ng 4000n{0Pio§?1g by 290cm 25 wi de by 250cm hi gh. Thepé'ie/é%gé\/gﬁgg
evenly it with fluorescent lights, and maintained at a tenperature
of 22.0 3.0[err]C 25 male and2b_fenal e Musca donestica flies
of between 3 and 7 days post energence were used for all of the
tests. An aerosol spray can of 30 donestic insecticide was placed in an
electrically i solated plastic holder with a brass screw contacting
an area of the can fromwhich the paint had been renoved. The

I nsecti ci de productTMas:em:h;sachs’. ctlllustrated 0in Edgune By ,.dShodssing a

| ever of the a period of 1 second the flies were

rel eased %%r;s wntqﬁ'deq of’a i nsecticide at a distance qf 180cm

WO 99/ 01227 The charge to mass ratio on thecinagssicisss

- 23- dﬂaﬂf@tt&%aqﬁeltﬂi@&arﬁimr Q:fe fhd Sed NERPABALFOEatdons
ordi nat ed novenent were co nt ed 4.0, 6.0,

8.0 and B2.0 e AAKesOl [RETaY AFCS COmBIERES 1D dBCCRERRACSum of 5
replicates werweimerﬁlw r]iﬂ'dlerﬂ:lon f o eman \chdxage .to Thessesattiio wér e3pool ed

and anaLy s Yy r§ BIANP Srd® B WoPEeEnlBIkER Lkt I T8 L0

knock down 50 val u e insecticlde_product used

for these Allaqmmmﬁamcﬂ%c@@wt (RRIMan anfustraddalo
Products, Austhald al‘)he s%éarr@taflﬁiﬁastd&erfs replad:é‘deﬁitﬂaheéa.mtﬂlﬁi'e bei ng

t he effect of normal aerosol i nsecticide he. same ager osol
i nsecti di®le wisWle@ctuatoy gompased ¢bh a "c%fﬁ“ W%egFaﬂHéF&CEr oduct has
a char geyitth raSfedhdid i mtéan-upl deviferen €hé&gintkrhalls

Torerr]C ko, AR tih ane st B e MO8 eq pioyrdsiaoh aba
t he previous ENanhﬁhéﬂatandard actuator is a two-piece spray cap
actuator without an insert. This charge to mass ratio
15 is sufficient to effect the 38% increase in targeting
demonstrated by application of the charge directly to

the seam of the can.

EXAMPLE 2

20
Enhanced Knockdown of Musca domestica

Knock-down experiments were done in a British

standard size fly room measuring 400cm long by 290cm

25 wide by 250cm high. The room was evenly 1lit with
fluorescent lights, and maintained at a temperature of
22.0 + 3.0°C. 25 male and 25 female Musca domestica
flies of between 3 and 7 days post emergence were used
for all of the tests. An aerosol spray can of

30 domestic insecticide was placed in an electrically
isolated plastic holder with a brass screw contacting
an area of the can from which the paint had been
removed. The insecticide product was sprayed for 1 %
0.1 second by depressing a lever of the can holder.

35 After a period of 1 second the flies were released

into the plume of insecticide at a distance of 180cm



replicates were perforned for both treatnents. The results are shown

I n Figure 13v0 2901227 The graph of Figure 12 shows that |iggi/eB9s/01898
droplets of Black Flag insecticide with an enhanced charge to nass
ratio has a faster rate of knock down t han the standard product.
Probit analysis gives the KDT[ ert}3for the standard product as 2

m nutes 22 seconds, 25 and 1 mnute 41 seconds for the enhanced charge
product . Al t hough the invention has been specifically

descri bed above as applied to a liquid insecticidal product in an

aerosol can. thgch YRR LA MRd4ibiieGe PLoPAULLD R BE co-

I nsecti ci dal
EXAMPLE 3 ordinatad mmMamﬁnﬁ(ﬂﬁraannnﬁ¢domtm&55prép§ued D, om. 35

the followi ng gogpogeR.se, 0, 8.0 affd 9Y M 2in ytes after the spray °§
PCT/ GB98/ 01898 %
vei ght insectigdderi ed ﬂ&ﬂ%ﬂqﬂnﬁﬁyﬁsrepllcat%@@Were Perf°rmedC[err]

hydr ocar bgn solfggntach variant. ?%The results wé¥é gfooled and

50% 5 cer ol o eat e .ester 1% .

Bi oal | et hrin, Bpﬁﬁggﬁgt nprOb tlgnaly51s to proﬁ+§éc%n§8@ﬂtﬁ5ﬁmﬁa§°
I ntroduced intknbckpﬁawe 50% odertdeolfloas) heavlwg. val ve assenblies
conprising a 10 ﬂ%§ag5£%y &%é@ T_,‘d1ngrrm,ng_1,%s|ng orifice,

0. 64mm vapour phase tap s em WO Sprays were
conpar ed, one RKPRraAMent§ wagi &k kack Flaggt(Raditt tand ©obsam di anet er

circularagrifieeodli@ts, Australia). Two treatments were
investigated, these being the effect of normal aerosol
insecticide, and the same aerosol insecticide with -10
kV applied to the can. The standard product has a
charge to mass ratio of about -1 X 10°® c/kg, while

15 applying - 10 XV to the can during spraying raised
this to -1 x 10™C kg. High voltage was applied in the
same way as described in the previous example. The
replicates were performed for both treatments. The
results are shown in Figure 12.

20 The graph of Figure 12 shows that liquid
droplets of Black Flag insecticide with an enhanced
charge to mass ratio has a faster rate of knock down
than the standard product. Probit analysis gives the
KDT,, for the standard product as 2 minutes 22 seconds,

25 and 1 minute 41 seconds for the enhanced charge
product.

Although the invention has been specifically
described above as applied to a liquid insecticidal
product in an aerosol can, the invention may equally

30 be used with other insecticidal products such as a
slurry or an emulsion.

EXAMPLE 3
An insecticidal composition was prepared from
35 the following components:



et AR il

one with a two piece button-style actuator with an 15 I nsert as shomn I n

Figure 7.1 conpanyi ng drawi ngs. The spray char

achi eved MAS%O%Q§29F two actuators were very simlar. Thefﬁﬁnge to- nass
ratio of the insecticidal fornmulation achieved with t he 0.85nmm
circular orifice was -2.52 x 10[err] Chlkg, and 20 with the orifice in
Figure 7.1 the charge-to-mass ratio was -1.06 x 10[err] C kg.
Knockdown and nortality of house flies, Misca donestica, was conpared
for the two insecticide vari abl es, according to the CERIT (Centre for
25 Ent onol ogi cal Research and I nsecticide Technol og space spray
prot ocol CE/ HF-HM FI K G 017 coI was

desi gned to sinul at ejd= SNBSSt e T ES U € POCR e &l i nsectici des
in which the r r cts being 30
targeted. A m crocofputer—contTotted e Rey fupcrion af the
procedure, including éhjhbﬁﬁ?F%ﬁb%BdsgiY§Van of 8%ns. rlel ease of

i nsects, timng of k“%%hggmm _ counts, exhauption gd%the anmber and
storage of data. The test ﬁhanbep4M¥; 33m wi de and
35 2. 48m hi gh, an thggﬂgweroﬂhpﬁdaeh esgeml | s slopb% WO

99/ 01227

- 25- I nwar ( : ,
fell. Each replicate used at Ieast 50 healthy house flles Misca

donestica, at 3-7 d@h% wipoe&e&%n@esaridmroducsﬁ into xteﬂ\pbateatlo
(approxi mately 1 1)

ver t.e of I ci de
di spenser §°&aFPBFaP38159 XﬁguﬁtPﬁ§£P%ﬁl§5pr3%%g¥é#§§2#
seconds, 1and dBuhdmngpbhgpﬁapylapeaﬁéptdbeung 2Amg housingerawif iget he

precise duratl%ng%f thggggraﬁhalgTﬁgpdand gpPgr 3t igq et At tHyedd cal |y

controlled by t'h I'spenser was positioned in the test
chanber, adj ac@wo spraye MGGB CamﬁaceﬁbréﬂﬁyW1ﬁhtﬁeSlngleﬁﬁ¥ﬁ?Fof t he

room The act ug| h?%%rtQQtﬂ'§p9n§gﬁm“@§ameter Z3BERlfarorstiEi o@ldnand 700mMm
fromthe ce|I|ng I nsects_were rele ed fro a ceggral | ocati on

in the 15 w @n¢ dithhe @W&nﬁé?ceob?ﬁlgﬁo§§ R n

15 insert as shown in Figure 7.1 of the accompanying
drawings. The spray characteristics achieved with the
two actuators were very similar. The charge-to-mass
ratio of the insecticidal formulation achieved with
the 0.85mm circular orifice was -2.52 X 107% c/kg, and

20 with the orifice in Figure 7.1 the charge-to-mass
ratio was -1.06 x 10™* c/kg.

Knockdown and mortality of house flies, Musca
domestica, was compared for the two insecticide
variables, according to the CERIT (Centre for

25 Entomological Research and Insecticide Technology)
space spray protocol CE/HF-HM/FIK 1.0 01/08/96. The
space spray protocol was designed to simulate the use
of domestic pressure packed insecticides in which the
room is sprayed in general, rather than insects being

30 targeted. A microcomputer controlled the key function
of the procedure, including calibration and spraying
of cans, release of insects, timing of knockdown
counts, exhaustion of the chamber and storage of data.

The test chamber was 3.82m long, 3.33m wide and

35 2.47m high, and the lower third of the walls sloped



front of the actuator of the dispenser. 2.0 0.2 granms of insecticide

formul ati on wWybaompnayed into the room and the flies repepesdsdidsd
0.1 seconds after conpl etion of the spray. Knockdown was eval uated 20
visually fromoutside the test chanber via a view ng wi ndow, at 1, 2,
3, 4, 5 6, 8 12, 16 and 20 m nutes. -25- The operator did not enter the
chanber during the experinment. A mninumof 5 replicates were

per f or med for each variable. The order of testing was 25

random sed. Follomdng each test the insects were carefully
collected into recove chanb I.nsects which had en knoc down
were gently svver?tmffsll’% °s’6? uce thebﬁ]?;ﬂr %FFe"HthéFF‘I eg%‘ie;iwere

caught using a ¥ellbutEsch|yepkicatdhesédi at measthébdhaakﬂhx)hdnsﬁ)for
24 hours, and suppl ied w f t t t dodql ity
‘%&5&&1 Mﬁ%%% ?@@?EPﬁC¥a &k, 357 8£Xuapggt ter eac

was recor ded. _ chanber "was eva t est
for at |east 15 off rmtiebxed sexeratihe, véapppaXpmagedyr 133) .  at

approximat gy 10 Cublffnaeaéﬁvaey Phedt ef ezench%@cmcmé i S9ah 883 nat i on
of the test chamber a control 227

St
PCT/ GB98/ 01898 Wwas callbrated by actuating forzepprox1mately“ég per f or med
fol lowing the figetonids! afideaividiyg the madhi spragedoddurdined this epeating
t he above procedure. | ayi I ti ﬂﬁ%l nto the
chanber. The rcmﬁﬁﬁii %%S| egégé?gg%gggg% g§¥n§?egﬁg sbggspnnﬁ% an 10%
~of the insects weparahbekedasiogmtamaticallyheophdodfieghdyt&dxe and in this
-case all rggul tsco,T utelper'f‘}?é ”Eﬂsﬂé'ﬁé&ﬁ &Qs 9@&%5&@ §rakgied tgdhe chamber

. \Was subsequentl eaned and re-tested contam nation. The results
of any |nd|V|duaﬁhﬁﬁﬂﬁrdoadJaﬁﬁﬁE 5935h6|§€8Fde6n@fc?ﬁ§r§&éd'Fﬁbdﬂﬁhantlty
of fornul ajidkh Vo5 €x6eL86f. The actuatoFhefr endl B3 spehsdiowrd N

Figure 13 and 3 BeRCEron snaciel] oSN k08RnChedn TR SAiTng noid Ul €

: charge-to-nmass rixtgsectd wéeeinsktesaseddfrom a cdnbphét JoicatibrOGrk thE err |

‘Cjkg, as 9ﬁ¥parQQﬁé€h gf5ghé chamber, 0.7m above the floor and 3.0m in
front of the actuator of the dispenser. 2.0 * 0.2
grams of insecticide formulation were sprayed into the
room, and the flies released 10.0 * 0.1 seconds after
completion of the spray. Knockdown was evaluated

20 visually from outside the test chamber via a viewing
window, at 1, 2, 3, 4, 5, 6, 8, 12, 16 and 20 minutes.
The operator did not enter the chamber during the
experiment. A minimum of 5 replicates were performed
for each variable. The order of testing was

25 randomised.

Following each test the insects were carefully
collected into recovery chambers. Insects which had
been knocked down were gently swept using a soft
brush, while any still in flight were caught using a

30 butterfly net. The flies were held at 25.0 + 2.0° for
24 hours, and supplied with food and water. After
this time mortality was recorded.

The test chamber was evacuated after each test
for at least 15 minutes by a ceiling vent pumping air

35 at approximately 10 cubic metres per minute. To check
for contamination of the test chamber a control test




10[err] C kg. Probit analysis gives the KDT[err] for the I nsectici de

with a char s ratio of -2.52 x 10[err] C/ kg as

and the KDT%?%?O or the insecticide 20 with a charge-to- n"e@"'?% ?gﬂof
-1.06 x 10[err] C/ kg as 465 seconds. Paranetric analysis of the nean
KDT[ err] shows that the faster ki2seckdown of the highly charged

I nsecticide is highly statistically significant. WO 99/ 01227

PCT/ GB98/ 01898 -27- CLAI MVEB:

1. A nethod of killing flying insects which nethod conpri ses

spraying into the air ects_arte fl dropl ets of
an insectici da¥as pert eﬁﬂﬁGSf?}6ﬂWlﬁguﬁﬁﬁo%épaéh§P§ Bai f g#h%ﬁ?ted to the
said |liquid dr ohliet sabycdndbteed aper repaaging &he above plracgausepar at i on

during Sprayinﬁitﬁgﬁtiggpgbfﬁgcgg§ggerosol Qﬁkggt?E 3%@0 ﬁﬁh that the

said droplets have a rge"to nmass ra 1 x 10[err]
Cl kg. chamber. Theeraon 335cpanﬁééerﬁdcta|#ﬁlammﬁamnma

i nsecti ci dal Cgﬁpﬂéké'QﬂahsléﬂréfeéhérQﬂbéatéeﬁ@§@|knockedSQb%h devi ce
which is nechanlcallg PEerated under 15 I, ess 3.
c

A
net hod as cl ai ¥B& £R ihe hRSFei Anghdn this 88?856#155F§V1&§v|ce is a
donesti c aerOS@éerfﬂﬁd duringetvhéedagOwere discardéd. Aheeidhathbes cl ai ned

conposi t1on vaS pubgenRaaFaYor tasnpty pyd seoasted W LI o o
clai ned i n anycontanfinahéon. Thereesdilhg ofaany wndiyiduee tiesdecti ci da
conposi thgn were also discarded if the specified quantity of
formulation was exceeded.
The results are shown in Figure 13 and are based
on the average of 5 replicates. These results
indicate that knockdown of house flies is enhanced
15 when the charge-to-mass ratio of the insecticide
droplets is -1.06 x 10™* C/kg, as compared to -2.52 X
10 C/kg. Probit analysis gives the KDT;, for the
insecticide with a charge-to-mass ratio of -2.52 x 107
C/kg as 701 seconds, and the KDT;, for the insecticide
20 with a charge-~to-mass ratio of -1.06 x 10™% c/kg as 465
seconds. Parametric analysis of the mean KDT,, shows
that the faster knockdown of the highly charged

insecticide is highly statistically significant.



i's an enul sion. 6. A nethod as clainmed in any one of the 30

precedi ng clvebeeyderein the liquid droplets have an aveepaBosihmoRt er

in the range of fromb5 to 100[err]m 7. A spray device which

I s capabl e of i nparting by double | ayer chargi ng and charge 35

separation to liquid droplets of a compbstti on sprayed therefroma

uni pol ar charge resulting in a charge to WO 99/ 01227

PCT/ GB98/ 01898 - 28- mass rati o of

at least +/-1 X 10[err] C kg, which spray devi ce conpri ses:

1) a reservoir for accommodating the |liquid conposi tion;
1) c&A§H§ay|ng head t hrough which the liquid is

expelled in the formof a spray of dropl ets; and

iii) a conduit system for,f : : Sidnls fromthe

reservoir to the loe'L &%st%é]g{*lnlgl%% fdl%n? mgggeg whii®R a) t he

sprayi ng head methedheompriisesyispmaydmg into the a1r 1nrnhi¢QU|d is

expel | ed Brom &h%e%reaara%feumymg Liquid droplté"t% ey e hamh Secegc oghh et
having an L/a atiQ of | east ,10, where L |€ot@e | engt h

15 cogposis 108y | ﬁhé‘wpﬁéﬁrn ﬂ%’j‘% Redng dpasted
in nmand a i SshiQ ¢ighdidsariopletls dyvedouible layer charginghanéore outl et

in mijerr]; an t.he .apparat us i nst r.uc u t the

droplets are e?ﬂ@Fﬁ?dsFPEﬁF?ﬁg s SHE ;ﬁfaylnéi(¥%e Jﬁ#éé$%§18£a¥$%m1rate
of at least 0.Bbedngmat a level such thpe:r ther galairdplats havegd to nass

ratio 49 charge t% mdks $8%Uotor heX 1BUH ML K% 10 c/kg.

2. A method as claimed in claim 1 wherein the
insecticidal composition is sprayed from an aerosol
spray device which is mechanically operated under

15 pressure.

3. A method as claimed in claim 2 wherein the
aerosol spray device is a domestic aeroscl spray
device. '

20

4, A method as claimed in any one of the
preceding claims wherein the insecticidal composition
is a liquid or a slurry.

25 5. A method as claimed in any one of the
preceding claims wherein the insecticidal composition
is an emulsion.

6. A method as claimed in any one of the
30 preceding claims wherein the liquid droplets have an
average diameter in the range of from 5 to 100um.

7. A spray device which is capable of
imparting by double layer charging and charge
35 separation to liquid droplets of a composition sprayed
therefrom a unipolar charge resulting in a charge to

A



8. A spray device as clainmed in claim7 25 wherein the spraying head

Is an insert _in an_actuator. 9. A spray device ' I n
claim7 or WO m g wherein the L/a ratio is at |east 12.1)%%/(%%%)0i~g§g
10. A spray device as clainmed in any one of claims 7 to 9 wherein
the bore outlet has a tortuous pekgphery. 11. A spray
device as clained in any one of 35 clainms 7 to 10 wherein the spraying
head confi guration WO 99/ 01227

PCT/ GB98/ 01898 - 29- i's such that
the bore outlet conprises a plurality of segnent-1i ke apertures.

12. A spray deuiass asatci@io®dt nlemgt ont~bfX $0™¢ C¢kgi, nwhicho spagher ei n

t he bore outl-et c§éié§§p}§% s: conprises one or nore central apertures.
13. A spray device as cldined I n any one of claims 7 to 10 wherein
the spraying head cohii gura¥reenryeir fpx 3gepmprieting mbee 1dgnyis:
conprises a plurality of compos$€EbRES. 14. A spray device as

clatrred L1 a0V, 90® Ol gy anebhay Tin mbSeLepIesR Boblh, SRS, |,
grid. 15. A eppayléddvinethe €tbammed ianspmayowd of
droplets; and
iii) a conduit system for feeding the
composition from the reservoir to the .
10 spraying head wherein
a) the spraying head has a bore through which
the liquid is expelled from the apparatus,
the bore having an outlet having an L/a
ratio of at least 10, where L is the length
15 of the periphery defining the bore outlet
in mm and a is the cross sectional area of
the bore outlet in mm?; and
b) the apparatus is constructed such that the
droplets are expelled from the spraying
20 head at a flow rate of at least 0.5 grams
per second and have a charge to mass ratio
of at least +/- 1 x 10™* C/kg.

8. A spray device as claimed in claim 7
25 wherein the spraying head is an insert in an actuator.

9. A spray device as claimed in claim 7 or
claim 8 wherein the L/a ratio is at least 12.

30 10. A spray device as claimed in any one of
claims 7 to 9 wherein the bore outlet has a tortuous
periphery.

11. A spray device as claimed in any one of
35 claims 7 to 10 wherein the spraying head configuration

Rl



claims 7 to 10 wherein the spraying head configuration 20 I's such that

t he bore out kgg obgiabf the formof a general | y cruciform@apgtsig/esss
16. A spray device as clainmed in any one of claims 7 to 10 wherein
t he spraying head configuration 25 i's such that the bore outlet
conprises apertures in the form of-&mncentric rings. 17.
A spray device as clained in any one of clains 7 to 10 wherein the
sprayi ng head configuration 30 is such that the bore outlet includes a
tongue li ke protrusion in the bore, the protrusion being capable
of vibrating. ) 8,. A spray deyice which is capabl e of, 35

i inparting by douBFeSPSVthB%aFBangﬁﬁd°B%§F§ comprisgs, & RIMHRILEY i Qb d
dropl ets of a cospgaehtedikpr apedtures. WD 99/ 01227
PCT/ GB98/ 01898 - 30- t herefrom a
uni pol ar charge resulting in a charge to mass ratio of at least +/-1 X

10-[err] C/kg, which d@rayA sprayedieydagomst izlesimed in any opg ofg
_reservoir fgr accogRpdayi Rg &Bewhb%hﬂ 2he bore outletCAUHOH idi1ly

ii) a spraying head t hrou% which the |i |g IS expel | ed
in the formof aCSPPRySEF ©ne or more cen JPp PREE USRS - iii) a
conduit system for feeding the 10 conposi tion fromthe
reservoir to the AN} e erein a) t he
sprayi ng head has a bore t At @rﬁys%re%ylceg hS%dl\m“ & l“t%’éﬁ?‘&%.‘af

expel | ed from thelappsr @t te, 10 Whereln the Sprh@umgwhdﬁﬁnqqpﬁmgunntxmn
having a tgpt U0U§sléuc¥1ethat the bBEE! en%&gtwcto%p%&susaaréﬁl&ﬁﬁ dpast

8, rably at [east 10, where
sectors.

14. A spray device as claimed in any one of
claims 7 to 10 wherein the spraying head configuration
15 is such that the bore outlet comprises of a grill or
grid.

15. A spray device as claimed in any one of
claims 7 to 10 wherein the spraying head configuration
20 is such that the bore outlet is in the form of a
generally cruciform aperture.

16. A spray device as claimed in any one of
claims 7 to 10 wherein the spraying head configuration
25 is such that the bore outlet comprises apertures in
the form of concentric rings.

17. A spray device as claimed in any one of
claims 7 to 10 wherein the spraying head configuration
30 is such that the bore outlet includes a tongue like
protrusion in the bore, the protrusion being capable
of vibrating.

18. A spray device which is capable of
35 imparting by double layer charging and charge
separation to liquid droplets of a comp051tlon sprayed



| ength of the periphery defining the bore outlet in nmm and

ais the cross s i_onal area of the bore out {H08/01888
and 20 wo 0(iH"'t he apparatus is constructed such that thgetmm9
droplets are expelled fromthe spraying head at a flowrate
of at least 0.4 grans, r%eferably at |east 0.5 grams per
second, per second and have a charge to mass ratio 25

of at least +/- 1 x 10[err] C kg. 19. A spray device as
clainmed in any one of claims 7 to 18 which is an aerosol spray device

. Stem mount ed {cPiPEREEpinpapniborar ondPgl kasidciho o o ondree 22, U7

ment w respect to a

; tﬁil pi ece, . mass ratio ofaatl least +/-1 Xi L0 ‘arf/det uatlvkch FPXA%l aci ng
t he valve stem . : between a closed first position and an open
35 d%%%%ﬁd°8%§¥%?8%'in.mhich the valve stemis _. .
in communi cation wit KBt hea Fieseyveds, figre accommodajring, e riquid
PCT/GBQ8/g§8g8b composition; - 31-
sprayi ng head being l.Qqcated in the actu I . | s 3
comuni cation with t I’r@val%«?%@rﬁ%&eg& through which h%hecojhi(;%llnfd syt em
conprising the val ve expelled in dttemfdie afid spreaxye ehd a dip tube 5
connecting the tail piece t £ oir whi ch condui t
systemliquid is driven fégépfg%%’éﬁky the reservoir to the nozzle by
gas under _ Ciii) mposglwid isystem rfaerigeding e . 20, An
aer osol ariT%C' ai med in claig¥pkd IS Erom thd NeesdFwyingtdedsei ncl udes a
swirl chamnber form ng part of the condujt system 21. An

aerosol as claimed in cl aiSRTRY 1 Q&AM LT eIB0 wherein an opening is
provided in the val vg)steMhe spraying head has a bore through which

the liquid is expelled from the apparatus,
the bore having an outlet having a tortuous
15 periphery with an L/a ratio of at least 8,
preferably at least 10, where L is the
length of the periphery defining the bore
outlet in mm and a is the cross sectional

2. and

area of the bore outlet in mm
20 b) the apparatus is constructed such that the
droplets are expelled from the spraying
head at a flow rate of at least 0.4 grams,
preferably at least 0.5 grams per éecond,
per second and have a charge to mass ratio

25 of at least +/- 1 x 107 C/kg.

19. A spray device as claimed in any one of
claims 7 to 18 which is an aerosol spray device which

includes a valve assembly comprising

30 i) a valve stem mounted for rectilinear
displacement with respect to a tail piece,
and

ii) an actuator for displacing the valve stem
between a closed first position and an open

35 second position in which the valve stem is
in communication with the tail piece, the

*




for communication with the tail piece, said opening being in the form
of two orifi ¢asn@esy having a dianeter in the range of fRCIGBR8A18ES t O
0.61mm 20 22. An aerosol as clained in any one of clains

19 to 21 wherein the tail piece |ncludes an opening to enable gas in
the reservoir to act directly on I|qU|d in the tail piece, said
openi ng being at |east 0.76mm In dianeter. 25 23. An
aerosol as clainmed in any one of clains 19 to 22 wherein the dip tube
I's connected to an opening in the tail piece havi ng a di aneter of

0. 64mm or 1ess. 30 spraying nefd pe3nBCNRRAkRS iH ANPhdthAd M 19
further conprising a A2 ical brea vice In act uat or
whi ch breaks up the I|qU|§ncéﬁﬁE§P#F6ﬁ1°" Wltﬂe&ﬂ%ﬂ%ﬂ}VQ1%%ﬂﬂt§Qﬁ1

charging of the liquid 35the 86ARLEESsYSten co r1¥%idtZhe valve
PCT/ GB98/ 01898 25. An

. aerosol as clained in cl aPhf24 ther EpAl plecetﬁ@dnébﬁéﬂtﬁﬂb%weak up devi ce

conpri ses s di sk having connegemﬁqathyé tadilakliycex ttendiheg ng;mmr

co- operating i th SUhl8CachRuLIC GEUA didhld UL bl bl °

conposition to flow throug spray device as
claimed in any one of thecraSﬁsvelrotQStﬁﬁeﬂ@&@hﬁu@ﬂlﬁﬁﬁtuﬂdﬁﬂorned

froma pol yneric naﬁegggﬁrgugh ggeagggggvogglyester 10 pol yvi nyl
chl oride, nylon or polypropyl ene.
10 20. An aerosol as claimed in claim 19 wherein
the spraying head includes a swirl chamber forming
part of the conduit system.

21. An aerosol as claimed in claim 19 or claim
15 20 wherein an opening is provided in the valve stem
for communication with the tail piece, said opening
being in the form of two orifices each having a
diameter in the range of from 0.51mm to O0.61lmm.

20 22. An aerosol as claimed in any one of claims
19 to 21 wherein the tail piece includes an opening to
enable gas in the reservoir to act directly on liquid
in the tail piece, said opening being at least 0.76mm
in diameter.

25
23. An aerosol as claimed in any one of claims
19 to 22 wherein the dip tube is connected to an
opening in the tail piece having a diameter of 0.64mm
or less.
30

24. An aerosol as claimed in claim 19 further
comprising a mechanical break up device in the
actuator which breaks up the liquid composition
resulting in additional charging of the liquiag

35 droplets.

* [+ L M s *
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25. An aerosol as claimed in claim 24 wherein
the mechanical break up device comprises a disk having
generally radially extending grooves co-operating with
surfaces in the actuator to force the liquid

5 composition to flow through the grooves.

26. A spray device as claimed in any one of
claims 8 to 25 wherein the insert is formed from a
polymeric material such as acetal, polyester,

10 polyvinyl chloride, nylon or polypropylene.
15
20
25
30
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