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WO 2004/ 094071 PCT/ US2004/ 012566 LI QUI D DI SPERSI ON
DEVI CE FI ELD OF THE I NVENTI ON Thi s i nvention rel ates

wo eooa/0087i ce for dispersing liquid into vapor BPOTUSZHO&012566

process for dispersing or spraying liquid. 5

BACKGROUND OF THE | NVENTI ON A device for dispersing a
liquid such as, flAQUEEADRERION DEAFJOENI ng device in
which there is a slow rel ease of vapor into air froma
liquid is well knd@ELDNOFH&E BXYENTEEN e. g., US

patents 2,942,090, 3,780,260; 4,084,079; and

6, 478 Thisgnventionaelates teu dedes fog dispersimgrlisud imto vapor and to a
¥, raf | Laui roma w ck and have 10 the
gFgg%V§%?§ %g&%%pgg%$@¥#ﬁ%‘%he liquid at an uneven

rate and conpogldiaROUAVIGRE RENSVEIETIIN e Vol atile
conponents of the Trquid mxture taster and thereby

| eavi podevict FoPHRPGEInE ANRfuf] acH iak,feF @RimIOMRASEshbRAg dBvice
the liquid fromthe original conposition.. ]

Bl whichdlarais aslowypleass qfdﬁp@pnt@wr%omiadmmlsi wiglbkadyen in the

g I ) | ) I d=q. us
Bl 20 SIS pYBkls 2RO, o a0 Pl en e 3P 60884 05
Howes e burtkantideeises telyoon evagletative bethetliquid foinrd wivk ahd Ghve
electric potential .is drawn out by electrostatic

therdigadvantpges|of dapisting thediosil 4 ae aRCYRR Pisragdcpposition,

&l BHt1 ;L‘hé o%lgtggtco E)gﬁ’eln?st Sthd Hﬁmh'n‘ﬁﬁhﬂ? FaSter and thereby

typi ca del'i ver 0 e point of high electric
ravmgtai diproyortienately-differbmrtionglositioa s thedtfuidafomahé btigingl
rise i.n a small dianmeter tube or by 20 w cking. Under
EURBYYHYhs in which mass transfer by formation of
l'iquid,d | et far. exc S..t h aparation.r ,

el oot PRSPERHE Sl TaEFRREE S AYFRRBAR R Mo
DS itN Sed d ¢/, UBipateat HBNY265 SNEP dafend dpplitalion 0 486 198. In

‘conposition during the course of dispersing.the

P fegicendigiiddeliversd tR adaimnt ef Bighelastria potendisd idragn out by
U DR Lo RE AR, P B Bl e
deopidts. aflye liquaé isoaypically &¢livgred tadhe paigigefdrigisslectric potential by

Furth e, th |t . ired f duci
PP s Eiedl a0ap SRR CARWIAL v SV sprtERtbe piby
%?é{ﬁg. WRRR ¢ nﬁﬂe?{ fnﬁgmgx;ﬂyays tr Péf%%r]fgrn%fbn\éf 1bid B8pRts

tages In air, frcult not to produce a
Tarvereeedsl theavapiretionliate letectyestatBOspTajedesiens @ffef theipotential of

hi.ghly. desirahle to derive a mass transfer device that
v St Rl Beiaon S Sl Cmmett BBk b oS o
Hﬁb&tsﬁgrﬂjl@gq&&e liquid conposition at the original
conmposition over the useful life of the device. An 1
However, the known electrostatic spraying devices that rely on passive
delivery of liquid from the reservoir to the high voltage region (by capillary rise or
wicking) lack ruggedness. Furthermore, the voltages required for producing
electrostatic spraying using the known devices are above 5,000 V and frequently

above 10,000 V. At these voltages in air, it is difficult not to produce a Townsend
or glow discharge.
Therefore, it is highly desirable to derive a mass transfer device that

disperses liquid into a vapor while substantially maintaining the liquid

composition at the original composition over the useful life of the device. An
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WD 2004/ 094071 PCT/ US2004/ 012566 advantage of the
invention is the range of conposition of the liquid to
wheoodiospensed can be extended and the conposi t POTTUBR04/012566
not substantially altered for a prolonged period of

time. SUMVARY OF THE | NVENTI ON 5 Accordingly, the
Rdmaatege ofi theanpertioeds thedangead comabsitiam obthe Usiod! tadean

| ect rospr evice for dispersing liquids.intg a
sfiocp ALY oilGdef Gng Mo B SEp W nonsibsdiat ety fpr o
gRibRd pafed af ti@ysi ng. The contai ner has an open end
that 1s connected to the capillary device and
conprises a |iquWUMMARYCQPITHERINVESTION conprises a
substantial ly tubul ar nenber having a first end and an
opposiAegordingiy, 11 nventidnr@mpeises 4 desecthreaintte ushdaopen

i S N R
Sbrithiakl b @apidiy deveceC AR 4 hétsihg. tThe cohfAthes B Ad G¥en end that is
structure 1s within and coaxially aligned wth the

sennsetaf to theloppillagodgvase andrepmprisesrliqié dhpranilary device

A DS 0 S P ens

con

tirVirsigendris sRerddtg thdomintend RE thet doaratam, thaogpasiy eidies,
a second end opposing said first end, a first wall

RegRdry therpliered a fbplaavally bvlen cswpilige sEunsyeibeying 4 capillary
glg%@ dapfthely sﬁﬁ}ftgﬁgis E\‘Ifrﬁlﬂﬁ Bflcoak %ﬁgnéﬁﬂ Wil e/ Qb @8 any

nhverter, “a hi voltage contact, counter
albatadr neaeher; amdtthecalillary atrietate iaidflaid comgintnicagios etithcthe

nd further optignally.a w ckin terial.. The .
B e outebicce e hotll SomiER Rt opi Refingd Prapipe
LRSS HRADnWRId confathdroONgdchb¥d el?epoﬁﬂaﬁinﬁ%bﬁﬁ' st a first wall
contain control circuitry to turn thé high voltage

baipg yttashediiferam a low vodiged suppliehe shéogd weadl havdeg atitickal
B8 Bt e bl o1

G¥Mﬁll§ laRht 4nd/RNRAUAE sGr6l Rhdl Rathér oftstallly A8Ticking material.
attaching the capillary-container to a housjng, and
Appranikyy devies isgasxial weth(the first wall apd therfeconshgalhgOptionally,

V5 15 RO OBty 00 B0 O o
ESERLRThEON BFvoREMNY NGS FIG 1 is a cross section of a

capillary device for use in accordance with this
i nventilsmmprogideisa p@dess Sotalispensiag s diguidoin vdfich the process

t ai .t h { at. t t . il
Sompiten ateching » G dPyise 9ecuiipgre PodF 2680892071
Béabhids2 AR 2BE Capillary-container to a housing, and applying an

electrical current to the housing wherein the container, capillary device, and

housing can be the same as those disclosed above.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross section of a capillary device for use in accordance with
this invention;
FIG. 2A is a cross section of the container with a vent at the top and a

capillary structure protruding from the bottom.
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FIG 2B is a simlar configuration but with an inner
pl asti c bag (bl adder) capable of collapsing as the

wo p@uioghorevel di m ni shes, a preferred devi ce. PCTAISBO04/612566

a cross section denonstrating how the container device
mght fit 1into a device for providing a high voltage
cont af1Gaiilisea siniilat esnfiglietion bdewith aklifter pldssc bag(bdakler)

LIRS A e g BB £ EARE ATROFTFY P& Ehuggl y

2 couhar e ARoR B e Bt AT i e

hfsb/&lti&;@mﬁl ProvidingomEh Roleap lcbhtaétyand%vm@ﬁte& BREtrode.
conprises a substantially tubular 10 nenber 10 havi ng

a fir$lGehi aldosdetion degpposiraiingenprefe?red Enebodiment of the
substant bul.ar nmenber. has an.outer surface,
e ihiSt ot 30 B coRGRC b ey 4o B sing frgsbayis
?ﬁ%lf\l'd'ltﬁée etdactRh&HhRbAREYelatRYaeSS fit |ocking
anismor threaded |ocking nechanism can be

secured to t PETASNERMESTRPTIONEOE IMBRINIEENIPONThe
open end 31 preferably has a shape that [ocks into the

first FEGdl sHowshecdpiibuy deviddthatoungrristOa witestanpinlg adalar
of EQ HRGBE P dirkiod ynd AROUPHIEEH 1t ohfapyrantally
Hyhﬁﬁ‘ Aeeh P RRES] @l'iteljﬁl.ri%Hé: Rviliflfds g(eﬁ& allf; Qﬁlﬁﬁﬁfchp An®hn LfRr

tubul ar menber 10 makes a secure and 1eak prodf seal
wirfacet Abe fiegrendi preferaddy a Press Sulosking mieghbnyismy threaded

R Et AR e Sreweh o bimbon FRE FLF e ShitRzgo. mhe

Qﬁérﬁ’ﬁfdo.ﬂylﬁxﬁfé@ablyz ﬁaspé)éhé?& ek RRRs ind@theeitv iaesf the tubular
olyeth ene teraphthalate, nylon, and the |ike or

p prefpes togeberiangasmenernalie thyeasied pertion foy easy
su%%sa REPP SR S in AP ko ABREC A R e

cafietliad §f the }ﬁubulaﬁr mépalfr |lbfmliebke§h settikelig] [kdk boo€ ek iwadh the
wth the tubular structure 10 and can be in 25 fluid

eorming; ttht Tssupsentiallydubyanmempercifhsan begpadgpfronyggy
AR i V58 SRR RS Rty

polgeathslene) mdybutylahd, polyothgient karephthdleate) mylomlmﬂ tlaslikd ar

Xa Ief metal; netal coated fused silica; carbon; a
atlrorrprl sing a conductive materl al such as

hi |
82?5 a f? 0 ﬁéo ngeiéjg@oﬁﬁ%gl{b% & n@aﬂgbtuﬁﬁlgf %{'ﬁggr 16K ex{t-‘ended
ethroath ¥ @hb’staﬂtﬁll? wbum cF?ﬂ@ry\/ytﬁlBuM V4 Hatl mﬁ b ahpiuatyqip

as, for exa used ica, such en a hig

V8i € al‘YsSUdlic’FUé@H § eoppial with s uhlar $tqmtlae ilA agd pgm be m

ﬁ?ﬁ“n‘é?f%r i pratie A o8 oS o LIS

skewdtere 144an be made ﬁom a variety of materials. It is preferred that it be

made from an electrically conductive material such as, for example, metal; metal
coated fused silica; carbon; a polymer comprising a conductive material such as
graphite or metal, or a conductive polymer such as polyanaline and combinations
thereof. Alternatively, it can be made with any materials such as, for example,

fused silica, such that when a high voltage is directly applied to the liquid in
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by means of the electrical conductivity of the Iiquid.
The i nner dianmeter of the substantially tubular

w@eapilobary structure is preferably between 40remusSB50012566

p, and nore preferably between about 50 and about 5
150 p.p. The outer dianmeter is preferably between 70
eordain&0%) qbsrebmdramﬁemrgrthé potelia} thBteviper! the Capalitaty 80Gice 14

E?Erqegasbftﬁﬁvsﬂegﬁge B et Gl RS2 odes The
i apogg ik dns iR SRl O B HloEPRRERAR,

piefanbigibatvedenrd0ahd3ise wmﬁtmrre @ﬁﬂfeﬂably\i@tw&il abéat SBand about
ially wde ran The pi | | structure

bst
350 fis %PF QB Piameder s er@?smhlﬁ 8%“"?{%"& @asl il é@@f i 284 PRed
}gf%etfé}ﬁ %e%@éﬁtl@ﬂtagé%by U yRMlREr E[%H a Qe[ 15?&’311!)1% %ﬁﬁ{é
e”capillary devicé can bé use so ong as the
hp;ﬂ@dhfohage zﬂm:&mnmg Attaveeh theodentmides rthéaﬂlarMBUeqaoﬂ thary

st.ruct ur.e sse refer ral , 15 f
3PS e e o PR S A e s A aR g and
biBHiBmetd 0¥ Heth@nbs: aR BR98EEH Rer wsh&tﬁﬁﬁny vﬁ@@idﬁge or
by 15 ot her neans that produces a | eak proof seal. The

seal mhy c@ﬁllﬂ@@&um&l 4 Blfeedlyiiaked witilaed ¢oaRially ahgned
mat eri al, or be nade external Ixnconductlve by nea

W@b&he substegtialty gl meaber Hys? x&msﬁwﬁdhsewﬂ &y dg§1ce can
B P?erd sgqgl‘f?a ﬁl@ﬁen%ﬁ%@n%@cﬁrm dﬁ/ Of ot Yson @l‘h@ capillary

tage to the opposing tip or capilla
sttuatnat s sealed. (reﬁ?sredcmhmeldl Saﬂ)ga\neaana ofepblymetib m;mnatb drom

SBEPahC SnRnay RSB PP g i eopiecd Bp PP APO RO PV
WihbhiRaddBat p?H@t%@ Qtléaﬁlplré/oftsHQU HaE 88 %bé&ﬂﬂd@@lﬂi‘ sed.

The seal er can also be'a sem-solid
eleeicicallc edrdycionaatetinha bsmdetehmnallywndwere by means of

£ ol th
R R EeB a9 TS tRon Sioor eSEB MRy B
FREREST applihd 2PbRagteatiRhpbiifg a2 aBblor dasllagtstruitid B

to, the polyneric material fromwhich 25 the
subst Antdisldsyd tbdwel aeaimeenn b usesl inside theepbstyntiadlyi tnlsylar

metal - or carbo bI ck- or graphit conta| ni ng. e oxy
%ﬁs Xméﬁ%a srt %6%‘?/ AERUrS caPl? turgithin
EJB% asailuy&g i&?e%ﬁéré tfseHh‘Thg %1&'@5%%%%%& Lold

sea er or substanti ally tubul ar
ﬂmdtmrelecmczaullg pupeclucn@e smnhhhasupdwhe epplmpatien ofiveltrgberurent

d 14
B BT el b OB ARl 1 ihg CondiBncibey Rl ituter
Sﬂi@eﬂﬂé" Qsale-fs PickRleCRt aREndTBinled tO]tAE b hREc Hat@R WonDwhich
about nmm out si de end 12. Optionally, a cap 16

tlvmubﬁalwéld tolonl ropembéryl Ois huade.rrpodty WOIBODMab I Grbon
58 1.US2004/.0125

e e o gurEaba bt rrl B R PR gE B o
more thereof.

To fixedly secure the capillary structure or sealer or both within the
substantially tubular member, a stopper 16 such as, for example, a rubber or
polymer septum, can be used. Capillary device 14 extends through end 12 with a
tip 18 protruding into opening. Tip 18 can be merely protruding or about 0.1 to

about 5 mm outside end 12. Optionally, a cap 16 can be used to securely hold the
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or ground potential to 14. The cap may be nmade of any
materi al such as netal or polyner that can provide a

wo e@k/op40ght connection with the tubul ar structBP€EUID04/012566

and wth the capillary 14. The capillary and cap may
al so be a single nolded, cast, or 5 machi ne nmade
sdpillatyddan phet and nfay be@ohductive o prodide Ia(f:atlﬂﬁ,‘r applying voltage
refer ed co?r)\ ai %erT 30 is ill ustra%ed gltsallji#er 30

5 gropRd BRAKIERHO d it (THA 5P ey Semadp gt ppmatsFiakiuen pgmetal or
g6 I8 1R EaC HRAVRR a ks.ﬁé‘ﬁ%ﬂ c%ﬁé&‘u@n GH@SHE Bib8lar SRRet3%- 10And
préferred container is rounded bottle having an
@@@ﬁh@v@ﬂ@lrytlﬁaﬂhﬂsa}plﬂabfandbhg nayetsodicl asingle ewddsd, oast, or

Sy i %F t connect| on 10 for easy connection to

P’r?g @S%ﬁ W% ucture discl osed above. The contai ner
al so h fa t.
the cBARETA ¥°e§fn% A 280 PR A8, Absfiped.
Zbntainek A€ capbe agychnybntidial m@élalbcrt&e .or'Yimiilar33vica lan@ €an be

SOt S oh 2o IFCHEH coaiats 1saTHEI Potisaving
|
Sea]i;érf i3 11 1AL pe%r Bgyrét&nmmiieﬂaaﬁd St ﬁa%%%re{;e%%ogaé%gﬁ

15 Wthin container ere 1sa
Amyeaby cpringctidretio th@sapmliary stryctars discldsedgbaiec dheabntainer also

B Thr: WHRDaE PEREY OGHEP O2pie Rehi R aBY P giravly af
tlfés(%bmﬁg kh@ ol @cmhe 09@111 él’Rf @ﬂ‘che EMtaiBS SV en?c B8 GhA Bé@éaﬂéﬂ with

and other simlar uses. The liquid preferably has a
gstopper 34 ewh 98, for exanyde, farrghber @zlpoldnmm Sepihmn enby abr e

RGeS bty o aBH I e Ce
such &pihih Q[)ntaﬁféf"%’ lfere ¥h ﬁ@lﬁ 85 aA?@SI(fglu cft?lg?i&%?:{t]ﬂeltyoﬁs a

conbi nations or tws or nore thereo
ﬁegnaﬂd:e mrtfyeshéndrhnolldlom mibiletvanhibitbr, \&mﬂfeaamthar dmsﬁered

ange. The 1] qui.d .al sQ r.ef er abl oSity
A A ot B e e B R BT B Y
SRA%oRREy AR SiHRF @ﬁrﬁfa@ﬁééé Qhé hhﬁld%QQiQra{BBaEas aWo‘Iﬁfrﬁ@ ty
adj usti ng agent s sug for “"exanpl’e, et hanol
r@@pmpyf fraincdi oo 10'G onmmlmoramfﬁmbbm wlupe ajmﬁmtw of

Ao LP4EN 1@ it IR K Hs bretll o8 b By laotd Pychag, for

bXenple i Aid, @ RAsel 08 h kAtor @ngSnatithe of twidlbembfeatheleabloyalter
has a surface tension between about 15 and 75

thereyistinityTfahe liguifl ¢ fall witlin sheadsisipediranger The Hamdabo, a
AU 38R s SRR, SEUSLILL A5LED 1508180 2000
hPasgieM ia6rePrefehidly MY @@BOODWmPEl-tsD Vdsdosioyhdjustipradgeots such

air. handling system basenent, etc., or, a solution

a%b heraxammle: ethepel ienropxkalcohol alyesialnacstinasigy Prapandie pcid,
o5 0B R TP BB BT P Bkiot ml R PGHRRRRE Sddedo Wit
terhabyity af ths liqiidgo taeiesirddedangd. r Bepliquid presedbliidmnen surface

’ltjerr]llsmn%etween about 15 and 75 dyne/cm. The liquid is preferably an air

-

freshener, a disinfectant, a deodorizer, a mold/mildewcide or an insecticide
solution which is electrosprayed by the device of the invention into a room,
corridor, air handling system, basement, etc., or a solution containing compounds

used as reference materials for electrospray mass spectrometry, or pheromones,
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ot herwi se indicated, refers to an electrostatic liquid
spray that operates below the potential for a corona

we@bk@ano4ocl di scharge and di sperses dropl ets of PETUBINO4/012566

from ligands forned at the tip of one or nore so
call ed Tayl or cones, as well known to 5 one skilled
|St¢r¢1ﬂsg aadtcarb@bydraﬁemeﬂ“hés&nné‘nlebimomf’eﬂe$hmggi ynless or

t i all 0 t hrou enl 51 as
Ofhepise ﬂidw#ﬁ@ ﬁ%ﬁggﬁae{%ﬁ%ﬂ glbcuﬂ@ Prmsr&hgasﬁawfgﬁ elow the
?:Gté%ﬁ@l , foPh cordRY eRBRRAi%AarlzeAEd aﬁsps@&t &bpRLs mlq%mom
i xedly and snuggly rest within eni ng” 51. manual

tighedssformged @dhs fAp ohershemiemshehldied Tadoromegian esrellu kmown to

n 10 the housing is inverted. This
n@%ﬁgﬂei}ﬂ@gﬁﬁbe one or nore wall (s) maki ng up

openi '@m@a}néﬁ@o% B8 eI s?lggélg 9 01?3? g?&l‘%}g i) n ‘giﬁough

portion of the container
phaiing 61 ds si3tvi im FiGade Thblhuammgce&ﬂomum |1s<&8n@ﬂlar;a$qi1aﬁ-2 or

0 sin he openin the other end 61, a
PP e 10 g 30 S SRy fnd Soibeh gt hin opgaine 1.
hetMRen reﬁéas%ﬁgjloaging cRGian )ﬁoid@ @195 or@findi QA B1RE elvdn wARM

15 acconmodate the contai ner,  ow vol t ag supp%| er
g lwsimgds imviettedui This mpehanismn t:agbe omqmmm@@ wall{g) raalhng op

| t. t . h
BBwidert SaeicisreeoPrupe i ingio o Tagtonas B eoanimeso or
?@:tﬁfsw‘ﬁ@%i%’%tﬁét Hofds wlﬁ\puaréed Holsiay gb cBﬂ@ﬁees%rernarm

120 or 220 V AC) or battery. Likew se, the high

vBpesigeihe phcring fb plope ﬂmtber ad 61pp @hstmlwg andha seond Swall

7F 0B SRRHRE bEyePn 78 o ¥tk od S tehislob P 16"
dﬁ)ﬂnﬁﬁod&ﬁe fh&rmﬁfainek lowololtagesdpplibi $how ohd e vﬁﬂhdhwas

o exanpl e, a transfornmer. Because ,such high voltag
AP Indatha hich viplirge qonseHeras henung RY pn efother Wﬂé The

T e

poividegethohergh heuseanrenin 20 or EI(thA&@hon:lsy 4 battery.uLiketvixe, the

t em on/ of f. 25 or eth ut. v tae The
Bl PlRen Bt sitEnpe A Clat Dl o bigt g bRty & CaPGingiyse o
§ﬂ‘&dl§ﬁ‘ﬁ§hmﬁ§‘ thel dgrehi &y ’[T}lﬁgh QBRAR! 1B %es8 ‘ﬁ%lja%oﬁtr 100 p amps, a

capillary structure 14 of “substantially tubular
deviog togamved lawh soltdgeste Ul@rm@:}ggtyswh asolos cxagnlﬂez antedsformer.

tact wi.t.h { t to th
BBRVEF et i PP P bt s menb Gy et iR onp e b EE
Q) tha desoriptish BPvhRM i§ Omitha Hefdth Fdrahy itatbdtloBbrevity UShiuEL
14 by 30 nmeans of a metal contact 55, which serves as

{hs! lows highovelthee dnviee eaneatain eleemﬁm@a:m@fdutrbthn |s1g;eﬁem on/off

PEILRRG RN Bt StsFolBy G0 B B Wb teifos

anntacivitthéd) abdehe ikt age bpEsitEterRion @ciapiNagnstaRaiE eh B

fitted jnto the hous gh
substantially tubular structure 10 when fixed snuggly on housing 50 makes

contact with an electrical circuit to the high voltage converter. In the preferred
configuration, high voltage is supplied to the capillary tubular structure 14 by
means of a metal contact 55, which serves as voltage/ground contact and is

connected to high voltage converter 54 by wire 73. The capillary tip is in
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The opposing end 12 of the capillary tubular structure
14 becones one electrode of the high voltage circuit

waere4mogount er el ectrode 56, connected to hi ghPCBHUS2004/012566

vol tage converter 54 through wire 74, lies a distance
of between about 1 to about 50 mm nore preferably

felestrical tant25 with thé valtagereowpipoatacywhesetArel T fitted into the
i st.ance of the electrodes fromeach other can be a
SPREt er that determines the optinum voltage

Th S ce
bt vedt Bt M EHRES e Bicls L EBSGmep one
etestrofs ef the a@hyvoaag@cﬁdﬁtﬂmiﬂ aldd@niet glectv@let 50 @ordifcted to high
contact general | y makes a connection with opposing en

Yoltags m%@éaé@@egh Watg| 74, Heta distaneoof hrsweambioptt §o syt
h ARAR,
elgé?:%ilglgpé@% 'S 1 ﬁ%‘ttnhvgﬁ):bastn%gl iénfﬂlgnﬁjggsngé)%ﬁ f% Jout
ﬁ&tam:e af dlemhafoaotiefﬂrmn&bélyothaecth Iﬁlmﬂeﬂ?ﬁaﬁﬂﬁéerﬁhﬂes the
d d
BB utlegg (HDiE e Frbitiis e RBDIy: T Hees o orR (B tip 18
and R PuaRd aea%cfeaszsqs ngﬁ%lJe?erm%% 56 S OThE QAP

of the counter el ectrode IS aring structure in
vhinteet generally erkes a cennepigom with oppesing¢nelcl2 togeodaée elactrical

serve alterna | tage ound ta Count er
Pt B T Rl YE . B D8ROt P IR e SRR
eNaRedas 6 Riin Be @AY ofl itk kBodthab aB6@TILhAL 89 B6te PreBRBly
electrode 56. An optional |ighting source 59 20 can

betvisen Sexe 20pmmhd’ hﬁ @gtsntergelmda 59N he arcordictivemefal and can
BQ ?iln%& Qy%o&ﬁ%ﬁ&m%rlml nﬁl ACE %,r&?e %?({J\%ﬁfaﬁar surface, The

evapora on o acc
pesfavetcontizunitigh oﬁﬂfef@ﬁﬁbﬁdemde %ﬁs alringls&ubwﬂﬂhyvvhlch the
desirable that the conposition of the liquid in

ETHELLS 98PN SPOoUETEdccHEHe eh SAYETERRY eéter%lwy valjage/ spvnd
eontdinuous spraying for as nuch as 30 25 days or

' onger. During evaporation, the nost volatile

conpoRyther Aleburéie AR ARBReRt as @ hbaRt RV aid 8vHotAiRA Jraas
vol atil e conponents. To the contrary, elecCtrospray can

aq@ﬁéhaﬁécaltmul@t@ﬁp@ nengas elentradenﬁ &t Aneptionad rhlgbm@tour@t ®
be..b
SUEE PRl bl oS REHRS e Rl sy ItsRphslgargy o

1151& dolifpai odn%iﬂ efv@p@raﬁ@ﬂ@tf Ay AR6hIGtddqiquidvRicEes thaf removed
quid 30 surface area exposed to air. A flat snooth

QHPW%ﬁ@ﬂEFmF%@mﬂéﬁrllary tip mninzes evaporation so

that the |i ed by the el ectrospray pr.ocess

is gr&df areefdcpnats B Bsccoppest ligp <5 Sreslispiign container 30
f

BYANR ’hd 403%%@55 RERREY &htlh%tselsdglﬂgl 18P e o ﬂ(’or

WO 2004/ 0 PCT/ US2004/ 012566 oration,
darseordonger.i Dusngrevapotdtian, the @ost Vmie‘sletchmpenanmmatdlmersed at

s o AL ERSPRe £ Sob R TR b i RiS e
dispense all components in a mixture at an equal rate.

Wishing not to be bound by theory, in the off position, evaporation is
minimized by the force of the liquid surface tension acting to minimize the liquid
surface area exposed to air. A flat smooth surface at the capillary tip minimizes
evaporation so that the liquid dispersed by the electrospray process is greater than

10 times that dispersed by evaporation and preferably at least 50 times that of
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is above the capillary tip fromwhich the liquid is
sprayed, gravity acts as a | ow pressure punp aiding

wo b@4foproce of capillary rise (a force dependanPCDOS100€012566

surface 5 tension of the liquid) to supply liquid to
the capillary structure tip. Countering this force is
thapagatidnaaed for 86Mme Bolafiodsotel thatl tDM0BhetBit Svipavmiod rhR.
inimze the are of the liquid exposed to air. In_a .
El%ﬁs@ﬁlprﬁy Bees ﬁ&@iﬂlﬁyﬁ ehievaal fareps: @Deeawe fhexpagrveis of Higeid
. d . e of

FHEbeR% She TeRARy Lip Mot Shich P R il ook AEHHRE st A
phesswra pintiipaaiding theufoteg o€ capifary Tive (@ facededehéars patthasirface

0 pref | y.s0 designed that t force of. gravity.
nabonianh a0 iy i sy Sy et (pumiering
P eIrE TGRS silrfack @HSich A 1Nfiid Bla€ Sct®fnviid {ARIEEAhHO Brea
per unit area at the tip of the capillary structure

ghthedspichexposedkioay. tthe prorpulydalanced systemetheiljsuidicant thevel to

il [-R,..t .due -t f t ' '
R DY iy D B8 it P Bt SRR e
dbii@ot atnibouniver idsias ieuwhpalngy detirt A, Thawefde, tRUEFAGE is
15 a liquid can be approxi mate

t ensi on (X%'Of por oxi et d by
REcAgaPIYRY derignechippd thafgrce pEerasity thabtheiligyidiwithinghé eapdllary
g&ﬁ&&et&seﬁ&%gg ﬁ%& Yhan th@RGED m?fa e fnkidn &/)qurlﬁ 4k % the
ensity g 15 the Torce - constant Tor gravity, F.18
tipef ttaciapillang sthiveure apd hétigyto &kaeb he liguidneithiaithittip. oAt thee

e B B S SR Bl RS

. . e
PP Ml AR g e SO e ) of
ndidiidscanfbetapproxaipated by ynetsivingithe papiiiay aisé pi thisigiuidsinm tube
sg that the force exerted by gravity does not qvercone
psiag dhegaugon Y sd&rgeh wheree isithe higyid dapsity; & sytheforox >

COFRH:for SR PARE Bl e iy BHERTEERRIER: ol Higpia
hbeveahp tagidary ,opérﬁﬁ%].bﬁt teMatdancel pbiyit aPRE Yive Gorads, l2aef=i C
25 fjeld between the capillary tip of structure 14 and
ah@wlat dhus|ietherdosiawssl cofigurationarsed kert, the Heightiefabs liquid
ions to m.grate..to th i qui,.d sprface,, The, attractiye
8% ho Bl R oFi B ahilBr sdrtin Bt s RESprt i isvetynl
keptisamd sdnbatthefos@ibxeRtd BY 8fvit)dBes KT8 oMBEhd dififsce
to nove out of the tube into a conical shape and spray

thnsiondorse. {mthis appdicaions demb2pgrhair fromthin 1iquid
colums extending fromthe tip of the 30 Jigﬁid cone.
Once ilhe baleaea ofiferces disenssed ahovaewhish maintpias sherliguédjust

LEIR1R0SR921R 1 A0 OB ARRER Ao L
ReIt/ BdBRE040O tahbay tiflof etruttaRt Rigandal couteb eleb@odd5)YThe
theory, .in a device using a capijlsa%@%the reservoir

pleetrisifiald (duers iansfeamErad torle HEBIdFPHECS: Hevligiive
BB IR BRABHAR thl 1oAY bnb MighREEESPANARE oblitr dSotrode

equal to the atnbspheric pressure outsi
causes the liquid to move out of the tube into a conical shape and spray droplets

into the surrounding air from thin liquid columns extending from the tip of the
liquid cone. Once the electric field is turned off, the surface tension again is the

dominating force and the liquid withdraws inside the capillary tip.



10

15

20

25

30

reservoir. otherwi se, this pressure difference can
overcone the surface tension 5 force and cause liquid

WO 0002i09402r drain into the reservoir or out froPCT/H82004/012566

reservoir. This can be prevented by equalizing the
pressure differential inside and outside the

cont ai ABo m&ﬂnmmmﬂ ty babodd] mbtheeryt fiea ddvied whirkd & lealy, the
Leakage of id from vent 33 can be prevente

CH@prteﬁfé RILHES & BERR of U EHING (6o T3asSuEsahpe Pthoss

t [
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pI astic bag, thus, ~prevents the liquid from]| eaking
w@mn@%mgeqwenh 68 ebovErthe Bspiit! stifpcel d.cokagetnd liquid from

Q%B §3J &%631{ %\é&?&ee%rabs s%ﬁm%ﬁlgbentgo(ﬂ\éﬁ{nget ¥h %%ta@@e%?’%aas well as

gmerpamaey apgaseotisp 8.acitil i dedics ¢ran@eto kB LortiyediRIdsatd the
tip.shape I1s flat (p Ianarz and cut to about a 90

élﬂa}demﬁlée thefoniines inp thipplasipbag @r Pladder) spghses, for example,
1.

BBIYo el o H{etheﬂnag glgag SB11H:E8ahe lifid &é e B

addplietedpsimilahte the htedge used fwﬁmrbabyz bo‘th)let V\Ebsﬂpllaﬁtld et tho,

of el ec th dispersion of |iquid droplets and
Preveptsit f‘%ﬁﬂ‘gﬂ%}é@ al&ag é‘&agglathgafﬁafﬁg%e ?s maxi mpz ed.

Cutt |
r edulce e\%e[ tlé’gl%l féﬁg apblkfr’ epctih %”c%{ B %H%flety of shapes so
bl SRRy poihisl R LAR bl gindareOYSedlseilokical

di schar ge. is al so possible to use a w de bore

disehargpalhe alp@&rsedttw shaperis| flag (plagash m@ cmtfto labowieed) °2Bgle to
nd 200 nX o0 (ii %1

BT o e B R ar oo R Bos e th P Hayig can be

hedgieed WhickinaRen mitindkesteR@pdrhtion. F]WaﬁﬂﬁifonV\ﬂhé RooRggdot
t o be bound B theor thin walled capil Iarr structure
1@

diffegpnae bgtW@nﬂ@ma@maﬂ&leq’cmmaymm dispssion of dplrmletatand

l4.with a
é#lgt‘é@f%fv aé‘re?cqﬁ d&s&ﬁ{t} e?mglx d %fjuttS {1%%1% gtaf tip at an
dndlt efisrieee aasddeed W@l@hg@@ﬁhé&&iemﬁﬁ iitiatib@bE &lect@dspray and

electro%pray and_ gaseous el ectrical 30 breakdown to
Aotz gisequs glegiicalrdischargra it i alspepaspibledn use agride bere
I J d
R ondh PSRN obdfie SEVERTS Aldfa(ol B atak e n
Bmplaavlf this gevmatrysnipbl boviisbd silic4 Beaterbanddndied ts eeducethe
little |i | d and 9 WD 2004/ 094071 PCT/ US2004/ 012566
PReURE &l ?/ Pabout 350 rray spray at such a hi gh rate

cont r SRACGATRH LA RoflsSEumt bl i S8 Vel caph 9 dploflre

dit aviet £AiGrode diafRtdr cas 1r12t5atBele-crﬂB@spkaﬁ}faﬂQﬂ0‘5JBﬁv&ta%€ fhan thick
di aneter, the higher voltage may
walled structure 14 with a larger diameter. Af either extreme, the voltage

difference can be reduced between initiation of electrospray and gaseous electrical
breakdown to produce a discharge. The inner diameter can be one of several
parameters that determine the rate of liquid that is sprayed into air. For this

application, internal diameters below about 40 p may disperse too little liquid and
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be required to initiate a discharge. However,
speci fying a uni que range of outer 5 dianeters for

wao boog/oggepl | cati on can be difficult because thePdi/Eszn0@12566

between the electrodes, the viscosity and resistivity
of the liquid, and the voltage applied can be altered
tthogerabducabomt 33 neaysipraayat Quel a highirgte tiavgededtativut @the

e e PR P i s i
(BRam&tBR ok INGH aflt Q?‘ﬂEt"[% é%}éexﬁfiele '%%tec ) afifidNGe W?érﬂer voltage may

t hi ckness. The | ength l'ary sttuctur
Qﬁ@rteqllatddyo frgtiate erdisshinga.c Bovfeven sciyimii qusge af outer

B8oie S e b Rlaie® o p2 B ecatie B8 Aiger BFsaa the

tehe 1B, FEMi LB ARPARL deSiBH Vi @fthé‘hl]ﬂilﬁ ﬁfdth@@él‘tégeod%pﬁﬁ?can
vol tage applied) is preferably |eéess than

adpred e pradhes a pteblashiagoadr aivide rangmoﬁmttwra@metsrso An

O A T AT R

wh,3hé ﬁglefldmmbﬁn be abautpaideythd WeRthickdebe Tl length of the
eva?oratlon when the voltage is off is determ ned by
I uRRiEs WiecBrakly for copyemignse of eensiciione Thugur eeapillary

tsﬁﬁctﬁ?eoals sh&ft ¥ 1lhi 403 % léx‘% a%%@sn%% c%@“p?%ﬁ%a% B&?a{q?? and

vapor pressure o € Vvol tage

of f, trhen %Hﬁﬁg’tﬁ@cﬁn@ i l@lQXIﬁ{urﬁ Q@aﬂo&éﬂiéh‘ilate (ﬁ@ﬁl%%?f bdsifish (no
mnthdram1|nto he tip of cap| lary, th

rvphagn mphgd)esa@&rablwéws tlza@x rv‘h@ ‘élprsalgayrraleehmmmd when

LS on i s _det ¢ er of fact
S DR orb oS R R o 0 B SEee Pt o Y s thao
stlra@o'é’ thieespraynatef i 48dath, StiEIEAE LBt Bbettdend BRBicbkARNe fatdlof
18, the conductivity of the liquid, and the viscosity

§Vanaseion Wanghe VW\@@ is pf iy deteragacd by B, COtleeﬂaélIOé@f thec

e e
tvhnmrg:rexﬂumeldf thef lnqlﬁd Wit]ﬁlhe pbkige. offf hiee s”mﬁtSe tbhsﬂbhe)f the liquid

i nit tine dlspersed by dropl et formation,
ﬂﬂ?@ té$ afaa‘f lln’f%ﬁhééwé% eapiliasindhys laﬁgmﬂén&wmaﬁaeg

@Bg spfal eh)e 3R the éd}ﬁ?e fsrt%f is ﬁ@éﬁ Aka Bg x%ugir%gl' ?If %C%Se which

di spersed by evaporatli on romt e ca
irvdudevbé hmgledmmeta:f bf thTEImepIﬂlaI}estmcnmd: ehesﬁqzid csttem:gti at thet he

el ectr ro ncr se t

SR oA e R i ot e Mot 6 TPt Bl e diehia
WiheGthé Roltdde s &9 B 8adti¥ ﬂem:éa%@e%%e lif&id rté‘bﬁ)t&fde 'ﬁ‘o‘r‘kyﬂfé tip
evapor ation duri’ ng the el ectrospr a%(ugr OCess.

Whe ﬁonewéiammtb@lgmddlgaﬁfent(s) etxtdmdmg dhqetnapmdacmg fmleom

HRLOET It e i R L R tpteSd BRI Sipagion

b@aem@lmd.@ al\e1edR04rPIshakidieTd P a4 DIPHES > W0BRRESAHe

by the electrosprag process, |arger ampunts of liquid
Biees off thp liagiddlispstsed hp eranseetision the eapiliwre tipIvhen the

LBELESE5, 1 04 5 PR L POTURLE: ra

thcanm,t the soffaddhwecafitht liguid that is exposed to atmosphere, whlch in turn

greatly increases the rate of liquid evaporation during the electrospray process.
Thus, when the voltage is off, little liquid evaporates from the small liquid surface

exposed to atmosphere. However, when the voltage is on and fine drops are being
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waek@aosiory of the |iquid being sprayed.

structure, the field strength at the tip 18 of the
capillary structure, and the 5 conductivity and
I n pr aPCT/T82004/012566
the rate of Iiquid dispersion by electrospraying can
be controlled by the inner dianeter of the capillary
slispecded by thmdectthspmgl ﬁragaes adgpd atbued olRuid he dispersed as
c |IIar¥ f co riter el ectrode. ‘M ni m zi ng
of baeccit Barieet yaware@_ 1 sy csﬁﬁmse@ tQpptprosphere.

"Fa@toﬁ% #8t ARt ARQHRLE ‘%%rag'a‘f’éjﬂh ﬁ#e?? &0 oMd Gpillary
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di@[lﬁdﬁ%p@goﬁ by bwmr@lspaaylﬁg @&n&t &trolléd By ﬂﬁﬁm@é}ﬁmﬂ\aéﬁoﬁm
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sepillewy sructe prdide VOM%%@phed betafeen His| oypléltary @memd e
The . d
e SRS S AN Yl gL BRR R e PR
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sgra e? for the tinme period disclgsed above does not
%1?1%’8 BY SwurwrerHin soglimsmhrenas andwgg pf wbigher voltage will
maetthﬁanoﬁ Re APkl TRORLBYE n% Be 8f, bhiifor
devi ce e spray rate ‘can be, exanpl e, ween
GinRiteslrtd, QQ}engmgfaélqahi 3t acoRstamicdtate pgr dag with a devjatidneot less

er at ed cont i,pyous For. f.ragrance.deliv . fTor
IR AES: s pPYe Eeipecion a) oRetafEans. mbfidity atjeast 20
s, hn® nihdpRbdadly atleadt 3909, TRE Eevide id aQB %gff)aﬂ)‘?é' ofdB¥t not
the container would providée for one nont

dismitddria dwelm@ay hmgdusﬁch thattha tcampeiitlorapfﬁlhg ikl i€ byragasl for

8,858 cons ate
e Beridd SREBR ol iiSes oy kR By HRR LERUCPRTR B8
Fhirind Songpdsitiohl @)ap@ﬁdlﬁgivsaﬂ{&@gﬁgﬁraubﬂ afﬂleai\évicy the sls&ay rate
approach. The force of gravity acts as a 5 ! to aid
g

san padar M§Pwep@a%wd Ht preferably G5 y gramefiped dep when
SheralddRonfilon . WAE ARMREESINRRTFUAGIORRL fhe B8Rl Shrgy

OVer cone sur enS|on t nts t

fratefis Isqowvkdd 04 ahd @15 grivine/da@pAt & sty sdte uf 1 green pdihdryshicay
rate.i s determa g(gb the characteristics of .the
CPEaingT Werdgreyife i gng mepntinef ¢qniinnous sprayéng i it comtaingsl

?Q%?k QA€ 3HMSns § égaﬁcea%& fssuﬁ@é@&cﬁﬁgﬁf 3{1 15 &

ary rlse an vity acting on t I'd col um
c%amﬂ@sssnf el fpval of ﬂmquid ihitlpichtaiserc dhisie aphsivitan apvayee of

S AT Ry gLt e oS S B s 2O B A ege
VWRsRRQE 49 ?éef&%ﬁbﬁ%ﬁl@(ﬁootﬁg 7! 6but'ﬁ1 ﬁie%vf‘cls@ 84dctibed here

fieldis appiied to'the liquid at the capillary exit
dpgs 118 ogreamp Ithe svgfaae te@lsmgl@t puotventsitlad liguid from spiking dtom

h | d
a2 coBlapL MR Tt W s & EissmRyr OB AP SharSiyfiagel o me
pigti@rieirdl spkdyed and 8RoRel@fit BB GRS theelédtro@BOThusd Qo Idhg as the

nore preferably 2 to 5 kV, and nost preferably
combined forces of capillary rise and gravity acting on the liquid column can

supply as much liquid as can be electrosprayed to the capillary tip, then the spray

rate remains essentially constant as the container is emptied.
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52to4 W The electric field applied to the liquid
surface at the tip 18 nmay be continuous or

WO paoe/0pdort ent . The devi ce nay be operated PCT/US2004/012566

intermttently by a manual on/off switch, or
automatically using a timng or sensor device or

r endt eA ighl dlequas tiblduk applicdeo ey 1Rfulid &t thé Bﬁnlniryteﬁﬁ TSRy
cycle may be adjusted to provide a |evel
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capillary structure, altefnating app ying efettric
poamsiat pbiflsettaghcor aelaumtwally heng apinlih@eysegsoudviress and
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provi de vol tage on uring the desired tine
i appEeafian. ém a@tla@uméﬂalewﬁg 60 @mate tegether se fhat inothe gage of

TRPllck IR 1B o rB TUBRAL, BOMNBe biferi P IR AR

andtheain the afiernvon eal héiean giphh O'DBIG c2be Hcfcfoﬁﬁihsﬁé&@y Rdving
220 V. AC) or sb%g% battery_ and the hi gh vol tage can

dnylfigle O@atamr pkding Liquidliqaeh withdbe capillasy swactyes eadye
ﬁtgglg %g&je{sl F%@c’é’r Al tg{t %Wewegﬁkicﬂ%fkl@mﬁaﬂg Siructures and

i ne nto the air
\hé tangerietectroile. chetiie oasfe ,oftisectididejor disinfectatt, dmay be t he

SRR B Bl L el D ABLERY G
tigh voltage QHIyQIurﬁﬂg\%ﬁﬁ g&%d Bhe iRIcBSaE 6ABY ¥sih@h sbif®S that turns

volatile |iqui h may condense onto "the counter
dheveltagd on®Bly When darkt Ascliscussed abovsethe Ipwswiltage source for

ShEGLE GRS b b AP B B i PR e
ufreht Q98 or TTEVIRE} 0SBLE BRtetRAndBe BTh wﬂﬂ@ge EAECeifRYBE AC

el ectrode such as the |1ighting source 59

A 37 nkix gither %seawmrgtlhe sfg}tmdé applied, iguig nm@rawatfmm éhe tube

Sénﬂg B ?rsec.;l3 ? i dl%{b?e hnf thF! %y 691 th& véﬁé%% 1 “?’F the
nerrc materi a n

gl Wﬂhkllrhﬁfﬁ t(ﬁﬂﬁ&ipéﬂ%e%tﬁeﬂzaﬂlhky ﬁﬁmd&ased I | qu| d to
a large surface area for faster evaporation. Al so
al t er Nids nekytjonsassdomprisen el ofaipplyihg Heat Wlhe area of the

2004/ 0940 / US2004/.012566 . Fl . Wi ckin

ST Potise S PHR T Codemvelye Favidsmhish it fgnsscono
tRe @duhter QURRBAAS6, 01Fh<9f1ea@ SFENSRheSPPAYinD ¥ RERV R a

| arge surface area and to prevent ‘condéensate from

dhaonglh g resinéivel dovice thapsezvesras kﬁhqccwmr glegrodaim order to heat the
%?e%‘t: H&? e’flhcphea}( Isc())uliI gé Xan bheoc;n%lnrégr ‘clhI % d[er e%ec?ro%e sugh as the

lighting source 59. Alternatively, a high surface area wicking material such as,
for example, cotton or a thin woven sheet made of polymeric material can be
made in contact with counter electrode 56 to wick condensed liquid to a large

surface area for faster evaporation. Also alternatively, as shown in FIG. 3 and

12



10

15

20

25

30

5 an air vent 33, has a capillary structure to deliver
the liquid in a downward direction providing an

we@b@ap4oct cont act at hi gh voltage in housi ng 5BCT/TUR2084/012566

contai ner can be used as a refill. The high voltage
housing 54 includes a circuit that limts the current
fHIGWlaa winkgig meletialg8 ¢an Hegdacet htithe é;btmm df®dusiagpPs to aid
evice. to.co verélowvolta\%1n 3 hvoltaethat
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capillary structur hrough tip 18" and di s
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shpillatyst@ictiird throhght tirs Iﬁ)md‘dlqm&eda:s dmb alvopigls afto ithengr, The
dlaneéer of _10Q.i, and an outerﬁglaneter [

hpdee phigpig dispersiopyrre Re akerd a1 ﬁ@ﬁr@eg §|'>’ﬁ c%ﬁcal
g&iyelgg ?%c[l WS sro§ @ﬁaﬁlp@ PR ¥sing™ hlafti Switeh,d tmBRY S oltReeCSutput
regulator, a varrable transformer a sensor, or a remote device. The dispersion of
liquid to the vapor phase can be started and stopped at will or even disperse

different liquid solutions at different times.

The following examples are provided to illustrate, and should not be

construed as to unduly limit, the scope of the invention.

13



10

15

20

25

30

met hanol , and i sopropanol was added through a vent in
the top of the container. A DC power supply was used

wo ooopopsrde approxi mately 4000 V to a wire whiBPOT/USES4/612566

di stance of approximately 1 cmfromthe capillary

tube. The capillary tube was grounded to the case of
the power supply. Wth t BXAMPLESary facing 1o

downward, the liquid | evel being in contact with and
above nihe Ly drstanse, 2 Sl deyiosfwasteile apwhichryl cm long tubular

S : Lau d.cane fornmed at .the botto st
cHEtF btifary Scdoeld R AN Rl s 3o g B R ety of
109 |y ohd AgeutondiainBRr oED TP F12S BEAN B DS FSroPRBne container
iniitiated and fine droplets were dispensed 1nto tnhe

ST Y Tesistant waexry . t A diquidl (6 age mads up of glychel,lwaer, d
' i t.tip of th il
o Yn bl RaDBATIREED b\ Pry e Gl R ot

t AelDCagaien syl ghas usfdtte hroddddgipeskitdatelly HE0VPhS 898re which

a\g%gd. Thlfs provided an evaporation rate in

g Figuse ofArProxeRpEhi hemitamr ecapdiancabputhe papillary tube
e rin

s @6Ena0 IRADL BEUL BbwEL Sl [OHh RAGAReS oS

tdvavisprdyythe higeidileved being iheantact Thith andrnbyve dtepp@smdsound

e 3] i oD i PR o PORraIoged B belemmpre
CRAPHREFentRSWRAAHE vbithdehsMpbie W?fhathe 981\’5\%6'5}11 ?{e the
I e was | eft on

starting solvent mxture and”"the voltag
hectiosprag prieesscwasing jpéadsad fuleldraflets verd digpendedibo thet he

BB IIREE 3 Mahonithed y OBRE WA OB e ek BN B o v
Doloinbicsdiip Of tHeASpILIAFyRICRHE. aPRY caifahdSiith liRAMES vidrd

showed no_detectabl e change in solvent conpdsition
safl dhen agam weighed affes 26 heusrveith no yoltage @ppliksl i Tas prided an

]EE@ er:Yorpi%%% i%ijggﬁhg/ﬁ&nOfTh?s € g»:é%ﬁ%%gtlt \?l%s nr%v aaggiﬁtmt?{eg}{olfage was

ragrance di spenser. Thé no
wpplied for sfe@Arhdun pelied detirwvhigh tinfe &écﬁos%ray 4uaslinifioned. aMis
0 tl.g%ﬁtllheheater or light source and with use of a .
o\ SPIRY ¢'#e 1 gy howr. . Thewprevraiees found tobe albraes 1800
RO 5o L O SRS UYL e
sontaetuweas fgain fidjed ewithveetothl anél migf tHentarthe sdlvég neienkasid

S0 VotleE oS ot SRESHL e dexiciipaban ll Sans bwgbosating

4 ‘ Q@ { 1
glggr oxi 14rr"fah (;el Ilayﬁ/?%b cm % %émg%)ﬁ gﬁ{gar Sﬁa“ ar%/%ﬂ;ﬁgc{z gg%ggl get he
égﬁmgeﬁ’rol‘eﬂnémlxt@&ewasés%oﬁmd fioa pasodhr@DAOgMphp sngiysis ednalysis
SENARER A0C 1R BT Sopud BPar it PP Al Yectospray.
i . _ os . y .
Spoot r o dbvith ol laiB) oG R FRL ANV BB sy
fmdranbedikpagen e mbdiGcatkprwas sigildr tofwiBit i shefvn in the

f.ragranc . . .
dravx%ngs 1n%IG. 1 — 4 without an optional heater or light source and with use of a

vent hole in the container. The commercial fragrance solution (8 ml) was added
to the container and the container was placed in the holder with the capillary
structure facing downward and making electric contact with a metal washer

through a painted silver coating on the end of the tubular structure. A second
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sol ution showed no differences beyond expected
run-to-run variations (Table |I). A portable device was

wak®a/opmde as a denpnstrator nodel. This devi cRCT/WMAZN04/012566

simlar in concept to the device descri bed above with
the exception that the high voltage was generated

fmetal Whstehlacgted adppidxanately 1@n froth Me cugillag VhsRsklle
series vo E@%e converters to convert the | ow voltage

t WUBET GieS 00 Poteghal 153000 Wvasplages heswega the ki washess
et . ke . . e

BBcfbin REb by Corifions, iy BOHEL Bl bl k6 1800

tdiepensingt’enl ef laptd.odes dmematogiaphy/nias h]_mttrbifm?ﬂy analiysigof the
t . This devyi turned an and o

A peckieR e Foiesatien S ing 724 Sankpffsemncier

CsdMitioRUALELY n6 Ul fieEnce® BEoRH QUSdYe Ol n-tslrﬁl%a&a'iioﬁﬁs] gmm@s.

need for fresh batteries, the device never failed to

oper at4& powtebletdeeice JanaRb Made ki de@bnapt@ihodPeTaisideBice

The r.eslul.ts shown in Table | below are GO/MS

BHpEPHELE copeqhhiq thydevics descrhedalbaygygth the xcaptips that the
- i ni LAl sel Ut |

Aeh FONR SRERGARATRN Ml b ios R Nt TR P

drerietwaltage eonveatersshoycoweni tht lom voitagaGo betvateh 2600 V and 5000

ST T RO kb ST
eMRRIIRIbaF F&sﬁ@fdr U}'ibvﬁﬁ% b%%b@éstaﬁd R cduldte? eleRRBhY %%?a wire

Table I Ret. Time (mn Area Before Pk Area Atter
2ather hagegingsprucre Tigdeviganas ®rigdnland 28l repededly and

8.1 280 264 8.6.188 168 8.8 4
38 oty 3 Tt 6"y eitng outRibusty odr gt optigushen. ‘Ot
1Ban/thb @BebROT fred bMRriROAH¢ AOAQ HevBRAISZOO AL 3966he

CLAI M5
3 month period of on/off operation.

The results shown in Table I below are GC/MS comparison of initial
fragrance composition before and after electrospraying. Initial solution volume 8
ml, final solution volume 1 ml. The results demonstrate that any variation in
relative concentration of components is random with retention time and

presumably volatility and within the expected run to run variability for this

analysis.
Table I
Ret. Time (min) Pk. Area Before Pk Area After
1.6 308 312
55 1287 1332
6.9 341 328
7.0 319 333
7.1 388 404
8.1 280 264
8.6 188 168
8.8 427 437
10.1 117 116
10.5 1428 1331
12.1 401 399

13.7 500 507
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1. A device conprising a container, a capillary
devi ce, and a housing wherein said container has an

we@p@a/oend t hat is connected to said capillary BEwUSE4/812566

and conprises a liquid; said capillary device

conprises a substantially tubular nenber having a

first end and an opposi ngCeadMSaid first end is
secured to said open end of said container; said
opposilng endl daeise exhpridiegla thetiath) aeupiliagy davive! and 4 Bddsing
tubul.ar capillary structure having a capillary tip;

JHIG Bapi | lary structure is coaxially 10 aligned with
sai d he I ' Is Ll

St uct e Aty pl U Bl TR sl PG Ry Bl
Sail gomprisésrgligndpri ses a first end having an opening

attached, t hereon said container, .a.second en .
opposi°Ag csagﬁ%r X ??xg?e CRPIISES 3 ﬁ%{an%glll}’ gﬁ?&pﬁ‘ H{f“ﬂ%ef hevinga
tihrereddmind ah Qppiisthd QUL s5il PRdticBH is RcHRE W Shildbén HRVIMGid
attached thereon a high 15 voltage converter,

ceufiner; seidanosiag cadharcwttaned thasethepugh @muwmﬁ@ tubular
$ - ot . ki
SR e AR Badiferd o, I SA BGH SFn oo,

alignal with keideabstaraiatly sisbiuthr @@gphibdrfand said eapiilii¢ sinscture is in
coaxial with . said fir si_t wal | and said second wall. 2.

ﬂua%wre@ua@%%w#gswé b m 1 wherei n the distance
from Ss@id%o%gingf}gc %ig%% L0 Ha kfeﬁfh% 4 ehg%ra)ﬁ]aa’few thi&rebPsaid

sai d counter eisin e Trange rom abou
lconimhcutec&dl end oppasidg kaid dirst ehdsa Arsvivall heiing attacHete

ol o o 3o B A T
FoHagAtdhvbitellh dotlAS dechidtf ageb@RA%H Sd ihfght\nﬁtagﬁiﬂ%%lﬁ fand

15 and 73 dyne/cm 3. A device according to ¢ I or
ptibeallyi mlighiing sowlsst aawick gl ipatedd, elattodraes foembléageirsgulation,

r(r)ag‘g fromrea%]goel )é;tner, plastic, or netal; and said
cgl?f’g\ﬂ? ’fﬁ_aﬁfle is made froman electrically
condughidu@pilRtesthrture & ddakdRith GAAHktSklDa said second wall.

conductive material, a conductive polyner, fused

silica. or Ardédte saidih foussith 1 Shbietbthe istahcd ot Qid
according to claim1, 2, or 3 wherein said capillary
0Ptipg end plsapheapdiary devace tisaidetonnter plegtederigfythegpnge of

R G e s A SN e S Pk AN
50060 thPabsCet 208Catll Ighid Bacd Poloink resdstivity o bevesh e 0€iny 1012

said capillary structure tip is flat (planar) and cut
Mo i) seic luidh Basasustase teagiog i HysitpRgergf 15 and 73 dyne/cm.

3. A device according to claim 1 or 2 wherein said substantially

tubular member is made from a polymer, plastic, or metal; and said capillary
structure is made from an electrically conductive material, a polymer comprising a
conductive material, a conductive polymer, fused silica, or metal coated fused
silica.

4. A device according to claim 1, 2, or 3 wherein said capillary
structure has an outer diameter in the range of 0.07 to 1.5 mm and an inner

diameter in the range of 0.04 to 0.35 mm.

16

A



10

15

20

wa@anod/op4oqui d at a substantially constant

structure. 6. A device according to claim1, 2, 3, 4,
or 5 wherein said device is 5 capable of dispensing

rat e PEeT/UsEy4/012566
over a period of at l|east 10 days; said rate is

preferably in the range of 0.2 to 10 g per day; and

the chem cah deoirpasdokdig télam@il B, 13, ekl hhdRes sAA@tapillary
change by nore than 10%fromthe starting chem cal
coeBEe tip éntlat{plapar) peter 4o POT anpletoethe pxig of sajdicapillary
cs%nag{i sing attaching a capillary 10 device to a
contarvier to produce a capillary-container, attaching

said c@pi 1 fttsicC QIAhfgT, higipf NouS Iﬁg& -5 BRGAPRIYIN e is

an el ectrical curren

caphlse D€ dispasing aRPiduidhya Sd¥iattallyadishsal €td e dhpgvélL
as recited iq clabm1, 2, 3, 4, 5 or 6. 8 A process
RGO Aleps 101daysnsaidpfeiepistesalily i thyarugeiof §-24¢)l Adsr
. I

e arkErnb LRSRRA omy TRl 3t Bl G 2R B! b by more fhan
i I5e tbicihd sfartinpseetmicd tompostidn. or cal i brant for nass
spectronmetry. 9. A process according to claim?7 or 8
wher ei’h sai 4 pedasss for dmbersurg lentid cpmpdsicg attachirnga capillary

vpltage in the ran of 2 10 kV. 10, A.process.
SRR n5Oeamer RS Risfaltfrd soniiioer plasbifl Sif e
20n8HineR fo § h6hdinS ah@ BEPIHinE AN @ tricaV\Birtdtt tPdaid hotkirth wherein
di spensed nore than 10 tines .gr eater than the wel ght
orid qogtaieer: $pad capiliasy deties and srid hnusing ate asireritegdn cladn 1, 2,
Vg t4h§)u(;r6 said voltage. 17

8. A process according to claim 7 wherein said liquid is fragrance, air
freshener, mold or mildew inhibitor, disinfectant, air purifier, aromatherapy,

antiseptic, insecticide, insect attractant, or calibrant for mass spectrometry.

9. A process according to claim 7 or 8 wherein said electrical current

produce a high voltage in the range of 2 to 10 kV.

10. A process according to claim 9 wherein said voltage produces a
given field strength having a weight of liquid dispensed more than 10 times
greater than the weight of liquid that evaporates over an equal time period without

said voltage.

17



