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cl ai ms prworastiy33BT om provi si onal patent Applicati on Numb@CTARIBEED98
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[ nherenbomF@hélﬁm has been that aesthetic or functional volatiles with

sufficiently high vapor pressure to adequat eéplc?/ treat the environnent by
unai ded meanhadisld phthedoventionispuimanly dirrsted toverdsthe treptment of As a
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effective, and continues to be used today,
portable, e.g. wearable or carried on an individual’s belt, fixed for localized treatment,

e.g. covering a relatively small area, or fixed for space treatment, e.g. covering an
entire room of a house or building. Other fields of use could include commercial and
other public environments requiring air or surface modification by gaseous treatment.

Air modification and treatment has been a part of dwelling, recreational, work,
and other indoor and localized outdoor environment aesthetics and functionality
throughout history. An inherent problem has been that aesthetic or functional
volatiles with sufficiently high vapor pressure to adequately treat the environment by
unaided means are limited in number and their treatment benefit. As a result there has
been a long history of the use of heat to assist in the vaporization of hi gher molecular
weight and lower vapor pressure compounds.

The use of heat increased the range of aesthetic and functional compounds that
can be used for air quality management. Some of the first would have used flame
(candle systems, stovetops, etc.). Although effective, and continues to be used today,

heat from a flame can be difficult to use because the magnitude of heat



heat froma flanme can be difficult to use because the magnitude of heat WO
03/ 103387 PCT/US03/ 17767 is difficult to regulate, and a flame typically
has w de wbwetiesss? ons of tenperature ranges. O her probl egcg/tusogiuer t he
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address this interest area have been di spensing devices with open or
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wi cks, capillaries, porous materials or other fluidic transport and
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bl ocks are al so used for dispensing air-treatipg vapors.into the atnosphere
by el@porampsessedigasssarfasrosaht avhieh prrped miutedreplety Gregfing gieat and

aggregate surface area for volatilization of a liquid composition into the air. These
systems work well for instant and situational applications, but have yet to be as
viable for continuous air treatment. A simple set of technologies to address this
interest area have been dispensing devices with open or semi-closed supported

20  gelatinous, fibrous, or other material of absorbed or adsorbed actives and enhancers
that promotes passive emanation by increased surface area. The needed large
surfaces cause these products to be large, heavy, and have unsightly use features as
the gels shrink, structures are exposed, surfaces soil, etc.

Other passive metering systems that have emerged and have been used

25 include semipermeable membranes, wicks, capillaries, porous materials or other
fluidic transport and emanating surfaces. Other products such as deodorant and
sublimation blocks are also used for dispensing air-treating vapors into the
atmosphere by evaporation. The performance of these systems vary widely, and

although there are hybrid systems of new materials and designs that promote
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al t hough there are hybrid systens of new materials and designs that pronote
-2 WO 03/103387 PCT/US03/ 17767 vaporization by passive nethods, they can
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pul sed cygiddiessedrk jointly to create rapid heating and cooling, limted
thermal conductivity away fromthe | ocal heat zone, neter effluent rel ease
by the nmagnitude, duration, and frequency of electrical cycles, and inpart

| 695, herml SUMMARY OF THE INVENTION
The present invention provides an apparatus and a heating method using a

localized heater with pulsed activation that can be incorporated for use in domestic
or commercial, indoor or outdoor, fixed or portable applications. The apparatus
includes an electro-resistive heating element such as a wire, thin film, or thick film

20 resistive heater touching or affixed to an emanating surface from which a volatile
compound can be vaporized by heat generated from pulsed electrical input.
Preferably, the heater includes a Nicrome wire that contacts a wick which is heated
to vaporize an active on the surface of the wick into the surrounding air. Heating is
preferably accomplished using alkaline or rechargeable batteries, and tabletop as

25 well as portable, wearable devices are contemplated. The localized heater and
pulsed cycling work jointly to create rapid heating and cooling, limited thermal
conductivity away from the local heat zone, meter effluent release by the
magnitude, duration, and frequency of electrical cycles, and impart less thermal

damage to the effluent. The heater is a component of technology that can be
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damage to the effluent. The heater is a conmponent of technol ogy that can be
-3 WO 03/103387 PCT/US03/ 17767 integrated with other nethods of emanation
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The present invention addresses nany of the unnet performance attributes
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desired emanation.

It is a further advantage of this invention to provide volatilization
enhancement that improves air treatment performance. Specifically, this involves
the use of pulsed heating of a thin film low thermal mass heater that rapidly heats
20  and cools. This permits the heater to be used for metering the amount of active

emanated by the magnitude, duration, and frequency of heating. Varying these

parameters allows for adjustability to treat environments that change in size, air

treatment need, personal preference, and characteristics of different actives and

solutions. Such features have not been available with constant heat systems

25  whether the source is a flame, electrical resistive heat, chemical reaction, etc. Air
movement systems are also usually fixed in their airflow, and even with those that
do modulate, the use of airflow can be limiting for lower vapor pressure component
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usage. -4 WD 03/103387 PCT/US03/17767 This invention also provides the
advant age of using localized and pul sed heating to reduce changes in
emanat i onweflBhossat conposition. Typical use of heat for ecanasvs/orne’
enhancenment has placed the solution at constant and el evated tenperature.
The result is that not only is the relatively large heater and i medi ate 5

area of the emavinvestionakageovides giktadvantige\viiueihgtlooalesedtandepulsed qui ckly
the device, the matrix or container and its contents are also elevated in
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hi gher tenperature and nol ecul ar energy that accel erates the kinetics

toward mdéwcel the mateigrardentaimer dudiitsgcanenss arcalse gleyetedontemperatung. exanpl e,
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Consi der gi@ndRith6reSrabaily dhdreth@Mawtr Vapdipredsutdi€onstitisnts. Phisheidl causeduced by
a conductor fromthe flow of current can be obtained. 20 That is, HKI2Rt =

Kt P, lévhecentinthousvhangg oathe, sokitioncanmeeninatiaf apd oreatet 4 dmaigetin thandesivesl val ued
at 0.2390 (cal/j), 1, = %ijrrent (A), R = resistance of the conductor (a),
and t =Compgsitigh ofgheeBluengoer (watt = j/s). Typical values for the

| ocal i zed anggﬂgbaggtan{z@ﬁg%t%ggg g?f}@ﬁ%{lﬁ&ﬁ‘l@féi@&ﬁﬁwﬁﬁ erﬁglé?re?) seconds

pul sed on-ti nperes per ¢ . At the

ext r emestdnhafi@® b PRdIEcHan @y Mad ActtleratdGhé Riketirk /oWl holeculte short
pul se cycles. However, by constant heating it is just a few hours before

ener gi esdégradatherenUsimputarbon baseldeconypsiuads ag an\exhmple, twith thesmosteeded  f or
degradat | o mon st wealker ol thom being &-CNEYCIN, e B2 favingJesihan the
100 kcal/mole bond strength. With an average bond strength being about 80
kcal/mole, these bonds would be supplied with sufficient energy for degradation at
high constant temperatures. Considering Joule’s Law a relevant value of the
amount of heat produced by a conductor from the flow of current can be obtained.
20 That is, H=KI’Rt = KtP, where: H = heat (cal), K = constant of proportionality and
is valued at 0.2390 (cal/j), I = current (A), R = resistance of the conductor (€2), and
t = time (s), and P = power (watt = j/s). Typical values for the localized and pulsed
resistive heater can range from 0.25 — 3 seconds pulsed on-time, 0.2 — 25 ohms, and
0.2 — 1 amperes per cycle. At the extremes this represents a heat value H << 80
25 kcal/mole for the short pulse cycles. However, by constant heating it is just a few
hours before energies have been input into the system equivalent to those needed
for degradation of chemical bonds. This energy is dissipated throughout the
solution, its container, the wick, and other structural components. The constant

application of heat significantly contributes to accelerating degradation kinetics.
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solution, its container, the wi ck, and other structural conponents. The
constant application of heat significantly contributes to accelerating
degr adat iwo ositosss7 cs. -5 WD 03/ 103387 PCT/ US03/ 17767 TheveTursd®sizeabl e
results can be substantially mnimzed or elimnated by the conbined
effect of both cyclic and | ocalized heating. Localized heating inplies the

use of rgHysEEndIIRABl rebultdsdnalsesubsantially InindiedUrelipsiaaddytthe pul sed
heating can vary in magni tude, duration, and frequency 5 to get equivalent
erranationombmmi%@fmw otlf exahicaandatalizeddicatingThe benefit of a snaller area
Is |less surfaie for |l.ow tenper e of the highe pressure
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envi ronnents. Al so, because of the discontinuous application of heat there

i s |im tenalemareaisiles$ surface for dowtemporatirgrelease ofithsthghersvapoopraskereheat er .
These condi tions r%duce possi b] ¢ ef fl uent ,Ple radgtion and increase
ef f | uent CemRANERts PT g\prpdygtyesulnginyacge ynd Oggbmo HCLRYER tHNg. 08439 zed cyclic

ceator Priss . HENRA
Vapor pr BReig of ERECHE S8ls@f flearih, Bl finfitor o PMMePln MBRAGRRSIICC |
di stri buifeoeadr ik uS@AIEnSarOtheAfAIeRironffntBhe the EFluveht isSIt dhibfBtedThose

wi th higher energies sufficient to escape the surface of the liquid are
vapolQ zetb mg sd ceqtiniobs higheoenergp eniviraninentswiAlsochavdussafthen i s reached

at the gjven. conditiogns. By_.adding heat .into the ljquid the disfribution
of nol ecax_segntzmuwp laﬂtfl%péﬁ%atéﬂ%rsg%ﬁaﬁ@ﬁgaﬁar Fre%fjsgétseromrgﬁdrfg Fate of
vapori za r e . .l | . | s a

sur face ooeES ok A hedl 18 opfinlgis RElcd soabtmiBREICARIUR { T 7
that is gesif@easeldfAlefWtARES beditini@ provides the nost efficient method
to transfer heat to surface nolecules and mnimzing the transfer of heat
to bul k |iqui Whenhettds apiliddowithadoealzed cy€lic heaterndt tambe nontfollesi and

vapori zatjon can increase energy efficiency of_ the system Subnerging a
heat B  duseieddor ﬁpfé@@fi\i%ﬂ%}ﬁatléﬂervg’?of PEgssrerof liquidioecuridiegguss RN t he

liquid i ?emperature there is a distribution of kinetic energy held by the molecules in

solution. Those with higher energies sufficient to escape the surface of the liquid
are vaporized and an equilibrium of vaporization with condensation is reached at
the given conditions. By adding heat into the liquid the distribution of molecules

20 with sufficient escape energy increases, rising the rate of vaporization and vapor
pressure. By recognizing that vaporization is a surface event, and it is singly the
process of vaporizing of the liquid that is desired, then surface heating provides the
most efficient method to transfer heat to surface molecules and minimizing the
transfer of heat to bulk liquid and degradation processes. Such a mechanism of

25 vaporization can increase energy efficiency of the system. Submerging a heater
results in equivalent energy transfer, but the energy within the liquid is
subsequently dissipated. At the liquid interface, high energy molecules are allowed
to escape or diffuse short distances to the surface and then escape as a vapor.

Within the liquid high energy molecules transfer their energy by collision to other
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subsequently dissipated. At the liquid interface, high energy nol ecules are
allowed to escape or diffuse short distances to the surface and then
escape aswamapss? Wthin the liquid high energy nol ecul @sTiusasisf7er t heir
energy by collision to other -6 WO 03/103387 PCT/US03/ 17767 nol ecul es
before escaping, resulting in bulk Iiquid heating. At tenperatures bel ow
boi | i ng wiseaulespefiose ekzapitg, acsniltiag ai lwulk hiquidhédiines Atimpaatupssdietod t he
vapor and rise quickly to the surface, hi gh energy nol ecul es do not

reach t hboBingrwherervaiporsdapet a@ﬁwla@mﬁgﬂybﬂ%é%ét ¢arcpistesy thy vapgs@nidzat i on
f I, i nputs. .5 Co tly. the depth of. th f
ext end bEFEAGIRIE IR, Sisge gRagy PHaR enetine edtfh do Rl isafe B4 56"
mol ecul aEsc%b@Pﬂ’lhE 1&%edhg Ertﬂ?eﬁﬂcf’éﬂc df%?ﬁxfi%ﬁ)xf for shial"§ %}pﬁlr%ﬁ%.mjl ecul ar
| e f er e

bulk I'iq properti es. nature o e viscosity, 1In cul ar

i nt er ict Consequrtl9] therdepliabfitiessurice ¢an ektehlddeyohd theodistantcs of aifewus
constituents, and their specific ability to reach the surface because of
t hei r 10maleades that sienceded dor nolesuiarpropartigs atthe liquéd ingerfage tont er nol ecul ar

i nteraction,..an ot her. c i.derations.wl/l, determ t he effective rface
i cknes LOMHEEN o prolarIab Utk g promtstich O RiEd pEheshSeaith coner i t uent <

W t hout si.gni fi . : ' : ' R OfS| ion for
effici en?%ltgllqg(f)llt(: ﬁlgtgi‘ %%gl%ﬁgf)g’rﬁ&y&gf P@ga{g%é}?r%setdﬁs%fgﬁééﬁlﬁlelso ﬁ’egig%zéﬁe surface

t o i ncl udendthoats,vapRctheiispacificddilitiyte réevhtthe sarfad&begaues of theihe surface, if
such condition exists, and which would create |onger pathways for escape.
A pr Mt i outleciddan size,ifonctaonality, stegturacdegres ekimsermolgculanisiteraetaen, ado pm and

f bl y .100 .m wi t. derst gndi.ng that th | ] f
noater. aPieEepEaEaHRhatil B sHane N rarvE suflAre IASLESs o R AP heat or

and LN Sor BRLEARNPoIIGOPaRth QfRRAS VI TEFEAAINGS {orfulRr ocesses.

Sur f ace eating rn central to the design o 0 ow ener gy heat

source. hysting Alpgadtioad cahdidwatibafort éﬁicmrdﬁ tHait edmiagotitg roftvaperizedhiges with
m nimal effluent concentration and nol ecul ar changes. Localized and cyclic

heat i ng nidecudemeseapy thensurfasetadntludelithoselvaperizing vader therhegtesioey paral l el s
PSSt BBt AP PSS SR SRRELAMIE A g 15
pathways for escape. A practical definition of this surface thickness is considered
300 um and more preferably 100 um with an understanding that thermal lines from
a heater are often confined to one diameter or thickness away from the heater and
this represents the zone of heating by minimal conductive processes. Surface
20 heating in central to the design of a portable, low energy heat source. Cyclic
heating allows for the use of broad temperature ranges with minimal effluent
concentration and molecular changes.
Localized and cyclic heating that can vary in its magnitude, duration, and
frequency parallels the proportional relationship of increased temperature with
25 increased vaporization. As a result, optimal evaporation can occur regardless of the
chemical and physical characteristics of the substance being evaporated. This
relationship follows the condensed phase-vapor equilibrium of log P = -AH/RT +
C, where P = pressure, AH = system interaction enthalpy, R = gas constant, T =

temperature (K), and C = constant. A log P is plotted against 1/T and shows
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chem cal and physical characteristics of the substance being evaporated.
This relationship follows the condensed phase-vapor equilibriumof log P =
-AH RT + Wp odhex3g7 P = pressure, OH = systeminteracti on emrcChalSpy177& = gas
constant, T = tenperature (K), and C = constant. Alog Pis plotted
against 1/ T and shows -7 WO 03/103387 PCT/US03/17767 i ncreasing vapor

pr essur eintréding CapR ProGute Wl iatieasinpeémperntire benseds £ dondeised phask a vapor
phase. The input of l'ow heat for |onger cyclic duration or the input of

hi gh heatnd arvapbophasdurlie ioputedioinr ket doclpngér cyadicadurgtiore or thednpacdf eve
simlar _apounts of vapori.zed l|iquid. Localized, | ow nmass. heaters allow for
rapi d heBighReat ZOIBShP atippapd freguency %fgq%sﬁé‘éﬁl?s ARD HBISYE BT ng poi nt s.

This is Qﬁ%uﬁtsmiélgitz?% ﬁﬁu%m&a(fﬁw 3\ l%qs%‘%ﬁ%&fﬁlli\g\rfg% figtd Qs and

even conplex mXxtu ragrance sol ranges in
boi | ing gehpdratudds, phefefady hedrl! Bt BeloWibdifing poirfts.| TARIE aBt ahBedssiy agpi d
heating and then cooling cycle occur that pronotes uniform evaporation of
al | conpondticampoment ginixtures fordmany solatibng andeverpermpletki mixtured fahi s

mechani sm provi des for ragpid treatnment .o . space || e preserving the
concentr gﬁgﬁﬁlcﬁ ﬁaﬁ%‘r’ﬁpé wﬁiavgwép FRREFESJR LPﬂE‘%E‘P‘BE%\'A@rP ¢ conRifueRtsy g‘r Wt ures
and | onger =1 . ' | 0.t nt or

i nt enaione SAppiER GUEA Fibi APl HTEheh oBRHETYEle Bl Bar bEGRBAR). 01

nor e r enififehR RVapdratibh bEAll comyfonRAt thflﬁighsdﬁa%ﬂi of f1a¢n-Hké eapGEzARAL | ng. 1t
is preferred that maintenance be 15 achieved by rapid heating and then
cool 1(hg, Thistmechamisre provides fmrapid tieaimentoha spadenyhil@presesang thesol ut i on

concentration and nol.ecul ar, stapjlity.. As a.result, the magnitude and
dur at i oncocentiatign and moleculapsta Hityof 8¢ salutions; ﬁomeéFemP%t,u ‘Bsramguant ity

Per oY ol RngBPBhIRE cYSE0Oal 87 3LEq BERANELd iy T BN ene BRI nL BPpRACH 1 0r

of heat In e local1zed cy eater prereren reates rapid

heat forvip&Shthé kgackYBROtheh ithé appiafion HecomBs hfork kémidiwnebf thdéntof  heat
distantly fromthe heat source, as governed by Fourier's Law, q = -

kA( MT/ Mk3ystevne tleat guffeh fram extendédcheating= It sprefdrrasothdtimintenancefbet he
material, A = _unit area, of transfer,, (I\/Igll\/k) = the tenperature gradient.
Ther Wl aeltaved by ranid heating and thengpolinggbyt with Yess fpaqueneyr Thes | i ght

hydrocar Qgrrllciﬁ)u'i}lg td gpersg%%nsto%ﬁélnecc%centration and molecular stability. As a result,

the magnitude and duration of the heating cycle can meter the rate over time, or
quantity per cycle vaporized using localized cyclic heating.
Typically, the addition of heat in the localized cyclic heater preferentially
20  creates rapid heat for flash-like evaporation. Doing so limits the flow or flux of
heat distantly from the heat source, as governed by Fourier’s Law, q = -
kA(MT/Mx), where q = heat transfer, k = thermal conductivity of the material, A =
unit area of transfer, (MT/Mx) = the temperature gradient. Thermal conductivities
of 3.3 x 10 cal/(sec)(cm?)(°C/cm) for light hydrocarbon oils representative of
25 organic liquids, aqueous solutions of 4.3 x 107 cal (gm)/(sec)(cmz)(°C), and 60.3 x
10°® cal/(sec)(cm®)(°C/cm) for air. These values indicate that the thermal
conductivity for air creates an insulative barrier that does not permit effective
thermal transfer from noncontact heat sources which are common in many

applications. This invention takes advantage of reduced heat transfer by rapid
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25 organic |iquids, aqueous solutions of 4.3 x 10"5 cal (gm/(sec)(cnm) (O,
and 60.3 x 10"6 cal/(sec)(cn2)(C/ cm) for air. These values indicate that
t he ther mao o3/emagiucti vity for air creates an insul ative bacriuges/thetr does
not permt effective thermal transfer from noncontact heat sources which
are common in many applications. This invention takes advantage of reduced

heat tragsitact WeatingPlithited W10 indidg38nd WeToftinRereh? IV theiial ashdiginitynd,

limted cyclic timng, and use of Inherent |ow ther mal_sconduct ivity of
conmon | ofbomimyair bghtriydrocarbery oe agueatisIsotitions ob11016+ K0 thiepril t her mal

conductivity to,. provide an optjmgl volitali.z of effluents.for air

modi 11 caePRAHCHVItY 1o BraYide dndintingg) velitalizer of ffluspslos AcmeATqaEP Y 5 | n
addi ti ony; |. ' ' es the opportunity for greater
port abi | ?lﬁ&ggdggﬁ%%%f&gﬁn%ﬁgﬁ?Séqlﬁggfe%?g&hnoI ogi es. Localized heating

i mpligs that Ihedditiof, wealizdieshd pulsed RERind Gredtes the dppditaaty foe geea! i shed

by limting the nagnitude, duration, and frequency of heating and taking
advant agponhbitity ef a prodyst epyployiag these te¢hnialogigs. uhdealizedheating mmplies ansf er .

It al ts that the 10 trig .si d sh f. the. heat | |1
cont | nos U BertipIeqRARe B & ARRAITE aFgfor 5 CFobé S6UMBURISAUNLITIGRE Msal | ro
conf i nes' i SELBIERE fifoal i
ai menst oIS BRI o ATRARICh D¢ pRfl ARG afRB el ofARkEl” 10 cr

sel ect i oprofferfidtefor lighiGiAR Nindesital ihdemal @andfac At hisedugheas thvd theThe snal | er
di nension provides for greater design flexibility into products 15 where

si zel bec geemetriccsins antbskpent thehapter bically sbnfihes thedn8nendd efifeat.or br oader
use and eve ltiple use within the sane applicatign. |Incorporating the
above  cAmethessssidhiousaspert oblecateddieating jhisrPacscuTPOMIen, o heat or
can be s | {1 - for;. t : t Mt h
desi r abl g&gfg{rbgr?cf ’ F&ﬁ %al ghéﬁ%g{%rd “ﬁglggr{&g’rdrrr@@gl %@%thgrﬁ?égg c?@@w%l sing the

heater i %'od'u@éd?ﬁééﬁn%. OA RRbPert el dtfionIfaneiRtlefehis Hrovides forcloralpader or
efficient use of wall power, and safety considerations as the heater

circuit heatirgyalhe smallercdinsndicarptosidesifoggeates designfilexibitity ado pnodugpts of
this technology is the sinplicity that enables previqusly_inpractical
appl 12 at WhSEe Fge hasamey & cantideratiene Sialichbaf Dehaserallowsfor broader

use and even multiple use within the same application. Incorporating the above
considerations as well as efficient power usage criteria, a heater can be specified
that allows for conventional or battery power with desirable battery life and heater
performance characteristics. Pulsing the heater is integral to permitting extended

20  use of battery power or efficient use of wall power, and safety considerations as the
heater circuit is usually not closed and drawing power.

A further advantage of this technology is the simplicity that enables
previously impractical applications of multiple and independent heaters because of
heater size. For example, control of the heater may be analog or digital or the

25 heater may even be remotely actuatable. This has not been previously available
because of the lack of thermal responsiveness in cooling and heating that would
cause effluents to emanate simultaneously, unless desired, etc. The simplicity of
electrical heating coupled with the benefits of localized and pulsed heating allow

for the incorporation of multiple emanators. Such an embodiment creates products
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heater size. For exanple, control of the heater may be analog or digital or
the 25 heater nay even be renotely actuatable. This has not been previously
avai | abl ewolmeaeasse of the |lack of thermal responsiveness PaTAS08/177§7 and
heating that would cause effluents to emanate sinultaneously, unless
desired, etc. The sinplicity of electrical heating coupled with the

benefi t st defoéd ﬂn&ﬁg;laﬁ@gmﬂo‘éeeb beatbme Hinhavadaptatidn) evliiol & @aniedton of
mul ti pl e emanators. Such an enbodi ment creates products -9 WO 03/103387

PCT/ US03by g inabilitytto detact thre prasericglaf the figerance oventimee (angingiman
adaptatign, which is nmanifest by the inabilit .0 detect the presence of
thepf rag%&gﬁ"’é’cﬁ ylppgsh%g_ hé&éﬁ@’i qéaqq,tgglrlgquég{l%# ﬁm%f%a ?I?tf‘té?‘gfﬁ enmanat or s
fromti -1 ' ' ' Lol.egi cal
changes. TutigaeldE thop AERBIAH OIS asiBodidd it & hioRikRIA RS

ext enssi oaredthefidetdcpdde ANRREINGICH embillipl@emdtgtond ssuld indlude ako iaelde aat i on
of fragrances, odor elimnators, insect repellents, insecticides,

f ungi ci deembinatiopaaftfeagrances, eder. elitaimatarb, inseat mepellents, insegticides, and ener gy
use effigiency of tigg | qcal i zed and pul sed heater is its spatial |ocation
to the eﬁﬁ%ﬁi?‘é‘?s’w ePHBISythe heater is in close 10 proximty and even

t ouchi ng or : t . f SR 9%:?% need for
only a geone{rr@léggrﬁﬁ? @ﬁé}{aﬁtﬁigg@gﬁﬁn ﬁgggﬁ’anator&faepg%gﬁee Eg@iebdglﬂ arge and
pr ef er abpi]sel hedteb & BdSidtial ToUasiofi to Hee @haRabAt Piflerablythe Heath ¢ freclobé t he

M
f act thaP t he emanat or mat rix w || absorb heat that is then unavail able for
vapolQ zapraximityuandsessn tauchioger posurttedto the sunface of wsemanator. xBa¢awsepl aces

T SUECEIEE e NIRRT
nave e GRS ShORFANS Bohhh Sy S LBkl R BSOS,

t he heat @it RRAANE ErARA®T THRARWiIBIChRbriFhédt XIeat i§ thenhghaVailabls, for becomes nore
robust, and maintains nore consistent spatial proximty to the 20 effluent.

Yet an astdporizatin, but/suchageost poditien itmthentelaase mattikelsogqdacds the haater ied
oA T8, + e pepximity (© the efiluent. Because of the insulative propetties of many media o'
only r BXSF PEPRIMILY
such as air, ceramic, etc. it is advantageous to have the heater in contact with the
effluent to facilitate the most efficient thermal transfer and volatilization. In
connection with this, the heater becomes more supported or affixed to the matrix,
becomes more robust, and maintains more consistent spatial proximity to the
20  effluent.
Yet an additional advantage of this invention is the use of an affixed heater
to the effluent refill. The refill assembly may thus include not only a reservoir
containing a composition having a volatile active, and a wick having an emanating
surface for the active, but also the heater element itself. The incorporation of these
25 elements provides for the consistency and robustness suggested above with the
heater. A heater affixed to a refill provides the spatial relationship most effective
for volatilization of surface liquid. It also provides for a renewed heater with each

refill purchase, such that there is reduced risk of matrix fouling near the heater or

fouling and reduced efficiency in thermal transfer from the heater to the effluent. It
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containing a conposition having a volatile active, and a w ck having an
emanating surface for the active, but also the heater elenent itself. The
i ncor por awioaa/108381 hese 25 el enents provi des for the consi PCENSP3/aTTE7

r obust ness suggested above with the heater. A heater affixed to a refill
provi des the spatial relationship nost effective for volatilization of
surface hisqyprovides agrsprigtanyvinterfacedetwesrerefilbandthetsappoittsiysteacto emsafeé | |
purchase, such that there is reduced risk of matrix fouling near the heater
or f oul thagthesafelye pedarmandes sracifjcally desegned elflnantss and ethghfactersiggat er to
the effluent. It -10 WO 03/ 10§38?1PU/ US03/ 17767 al so provides a

oropri et REGETVEAMNG USRS BRPIRREAL T S and t he support systemto ensure that
the safety, performance, specifically designed effluents, and other factors
are preserved by using appropriate refills. 5 BRI EF DESCRI PTI ON OF THE
DRAWANGS Fig. 1 is a BRIEEDESCRIPIEONOFaTHECRRAWENGECI i c heater in
accordance with the present invention using NNCr resjistive wire with

mul ti pl e enanHi®rlsis apegspeztive view of geealized cyphigheater Weagserdanceiwitly . 1

with its_cover (%f.f ex 0si n Iect?d conpon ntsliri the circuitry and user
[t er f actie BAgSet gnveption using NIC, Fesistiveief WA tohitile MapEos ¢ o rcui try
for the heal egih §ladferspebtideVick bt MebténME, gwﬁiﬂi@séwldﬂze&bd@ﬁ@i ng of

i
nators; 'Fl gs. 4a-4e sc

the nultiple mat | ca illTustrate various
resi sti veeletted coagiomendaitansirsuitrycndnger iterfadegr mal characteristic of the
heater; Figs. 5a-5e schematically illustrate various thin filmresistive

heat 8¢ desi gn¥ig. Boistaschpmatie ilustratioarofeleciraniqeirenifrytipe thethaater ofddiger; Fig.
6 is agra jllustrating the mnet.erj ca Llity..of the heater with a

1;] r atgr ance éafaijgt.o goygﬁe%oa?ﬁ%lhc MCF‘E%?(* Q%twgctafﬁbe HH‘EEPIC[F@“%%I | i tg of f ]E he
eater w ag; d : : [ efficac
of the heater i]\11%Sr' aﬁﬁgcﬁgg%vmgufﬁgll ﬂu@tr%% \ﬁ@gggsggypdt\%v ‘?Zfen%% dﬁ% quiﬁ% oes Y
conpar edchéngeaht tdrtnad dHaacristie of the hewtéegt ed  product using a N Cr

resistive wir leiifgsr]ga-Swael slchgr(le\glteicr:alldyei\{liugteréite various thin film resistive heater designs

15 to change the thermal characteristic of the heater;

Fig. 6 is a graph illustrating the metering capability of the heater with a
fragrance;

Fig. 7 is a graph illustrating the metering capability of the heater with an
insecticide;

20 Fig. 8 is a graph illustrating the efficacy of the heater for knockdown (kill)
of Aedes aegypti female mosquitoes compared to controls and a currently marketed
product using a NiCr resistive wire and wall power device;

Fig. 9 is a graph illustrating the particle size generated by the heater that
facilitates rapid revaporization and continued loft without fallout;

25 Fig. 10 is a graph illustrating a thin film resistive heater temperature
responsiveness after 0.5 to 2 seconds of current;

Fig. 11 schematically illustrates an end view of a wire heating element held

in contact with the tip of a wick by a coil spring;
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Fig. 9 is a graph illustrating the particle size generated by the heater
that facilitates rapid revaporization and continued |oft w thout fallout;
25 Fig. 1woios/1es3graph illustrating a thin filmresistive kreatEso3nBaper at ure
responsi veness after 0.5 to 2 seconds of current; Fig. 11 schematically
illustrates an end view of a wire heating elenent held in contact with the

tip of a wck Pb%. B Ba fopsiew g the ¢hbv@iMeit vII3G.71 IPHTthWhe SpAdd 6ét siidwin 12 i s
a top view of the enbodinent of Fig. 11 with the spring not shown for
clarity; feglariy3 is a plan view of the wire nounting used in the enbodi nent

of Fig. 11; 5.Fig.. 14 schemati.cally illustrates .a pair, of.spri .fingers
Used to apply FiE- BhisidRlan 8108 of 1 WireypowntngseAn e pbpdineny of Fe.
schematigally illustrates spring force being applied by a pair of coiled
sections of the wire heating elenent itself; Fig. 16 schematically

illusgrates spig.ng §cl>1reﬁﬁtib@1ily1m@mtés@dpéwoﬁ%mngﬁh'gaﬁmsedeo hmﬂ?gf ally
formed in the wire heating el ement itself; Fig. 17 schematically

i 1| ust r aspng fotica@nftbe yereobeatimeglemeny by stretching a wre heating

el ement; Fig. 18 schematically illustrates. a side nmouyntjng enbodi nent of
the present  Fhgekh jomatisaly YListrales spriae forre 1aing abalicd PYa Fa¥dlof not ches
formed i LCk: far ok VA : i {ing elenent; Fig. 20 illustrates
yet anot Egﬁe%\ﬁsn%%g{n?rgrgttﬁ%%h&%%lpgie;gelé&el{q%gh{f of wire heating elenents;

Figs. 2la andFfgdbig ddnefiiatioaley dlubiatds-spainlg fotdekbdimg a;lskﬂ_iéd/ley togugstidnge to a
wire 20 heating element; Fig. 22 illustrates an all-in-one refill unit for
t he 10 eséntegiablyciormeod;in the guirelieatingiedementatseifhe use of a fan and a baffle
'n the pr esen&:ifig.nlv7esr}: ie?nrgl;tically illustrates spring force being applied by stretching a
wire heating element; '
Fig. 18 schematically illustrates a side mounting embodiment of the present
invention;
15 Figs. 19a and 19b illustrate the use of notches formed in a wick for receiving
a wire heating element;
Fig. 20 illustrates yet another embodiment which utilizes a pair of wire
heating elements;
Figs. 21a and 21b illustrate a multi-part wick for delivering active to a wire
20  heating element;
Fig. 22 illustrates an all-in-one refill unit for the present invention;
Fig. 23 illustrates the use of a fan and a baffle in the present invention;
Fig. 24 illustrates the use of a fan and a separate chamber for containing the
wire heating element;
25 Fig. 25 illustrates the use of a fan and varying the cross sectional area of a
housing for the wire heating element to control air movement past the wire heating
element;

Fig. 26 illustrates the use of a cap covering the tip of a wire heating element;

and
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Fig. 24 illustrates the use of a fan and a separate chanber for containing

the wre heating elenent; 25 Fig. 25 illustrates the use of a fan and
varyi ng twe oeness7 secti onal area of a housing for the w PeThsayime el ement
to control air novenent past the wire heating elenent; Fig. 26 illustrates

the use of a cap covering the tip of a wire heating elenent; and -12 WO
03/103387 PCTFig5Q3/illdsteates kivgnted houkingsdsryat agother embedinhentfnlge peesgnt

anot her enbodi ment of the present invention. DETAILED DESCRI PTI ON OF THE
| NVENTI OmventfpR. | ocal i zed and pul sed heater 1 operates as an integrated
systemof electrical, nmechanical, and fluid systens as shown in Figs. 1
and 2. The enbodi nents described herein were specifically designed for

portabl e and semi - WT%@ED%EQCNTPTT@N%? f@gqﬁmgﬁpﬁel i very devi ces.

Wil e a primary obj éect the rnvention is to p or a portable

fragranci ng oTht hekeized anépubset heare oferates peas imegrdesd $otem bf shoul d be
under st ood that other vaporizable fluids are contenplated within the scope

of the pelesteival,imechanicah, angu@midsystems dsrshonweniartigs. lpand 2ndde deodor ant s,
madicarren@g and the lik Referrin o ,Fi reis

S o s Phogacnss dessrinsdinenringver apea Bl e gesifed fr Hortsple tbscp- 3

construc ' ﬁlﬁ? i -1 ] i[&l‘@ ofwrn: ienventi on.
Mor e sp_eél ?lgglffa%?%ea gﬁd‘iﬂsﬁegté#lﬁgggﬁg oum%&' V\\%Pfgﬁa?gﬁnpﬁgo}g% Olgase 2 for
suppor ti i ihbéntidi RBIt6 Providefone pbaabit hgaimiing or andcerepell@it vagof-or

encl osi ng those conponents. Base 2 is in the shape of a shallow tray and

i ncl esdiapenging davicet i sheuldeamalerséolerb thah other eapenzable fluidsraze ponding 1ip 5
formed on cover sQ.that cover. 3 may be joined with base in a snap-fit
it angenSmtepGited yahin S scOpE T i BSERank e SHeH 8 A Hesbedds o s he
interi Orp&{fuﬁﬂ%@cﬁodé{arﬁ; m&ﬁ§+ &ts. Baffedi@nd cover 3 can be nade of any

I ght’'wel g

sui t abl e; material such as
Referring now to Figs. 1 and 2, there is illustrated one embodiment of a

portable cyclic localized heater 1 constructed in accordance with the principles of

15 the present invention. More specifically, heater 1 includes a housing which
comprises a base 2 for supporting the internal components of heater 1, and a cover
3 for enclosing those components. Base 2 is in the shape of a shallow tray and
includes a lip 4 at its peripheral edge which engages a corresponding lip 5 formed
on cover 3 so that cover 3 may be joined with base 2 in a snap-fit arrangement.

20  Cover 3 is thus removable so as to permit access to the interior of heater 1, if
desired.

Base 2 and cover 3 can be made of any suitable, lightweight material such as

a wide variety of commercially available plastics that are produced by conventional
processes and known to those skilled in the art. Any plastic housing material that is

25 selected, however, must be compatible with the particular active volative fluid that
is to be vaporized. Typically, base 2 and cover 3 may be made of a commercially
available polycarbonate material manufactured by known injection molding
methods. Base 2 and cover 3 can thus be of any suitable dimension such that it

may be readily portable whenever desired.

-13 -



a wde variety of conmercially available plastics that are produced by
conventional processes and known to those skilled in the art. Any plastic
housi ng msi0esied3st hat is 25 sel ected, however, nust be compatushd/er7ed t h t he
particular active volative fluid that is to be vaporized. Typically, base
2 and cover 3 may be made of a commercially avail abl e pol ycarbonate

material mManuA3GhewWAheRY inkP@MD, hétit&Ct ikTudelagi 619 duritionaefectdtaafd b and cover
3 can thus be of any suitable dinension such that it nay be readily

por t abl ecaver3ewhkichde coneekted kBan\GffaBira@BpTteRUIMEBD 25 MdGnted An ctomin best

i chi sDSBHhICEPISh TAdUE SOUPPATIFRON S5 SRObBAPE e ROURTED BIF i r cui
board 8 whi ' I.S..c . b t
the i nt SRR bevleshdapraHROe TR PlsB3RSwR in 1L B Afmifybr ety © Yoy

enanaj or ks&d 9GHEh B &smiéc&d%iacsi%éé&oxcmwwanwcait%hﬁps.o Sefdtdrdhob0 on

circuit board 8. Sel ector knob may be slid in one direction to select a
cor r espofaiaygbeshichat one ditectoon forseldot a coppesppartdinglemanatood 1t or sethect enanat or

12. For exanple, emanator, 11 may vaﬁgri ze an jnsect rei Il ent while
emanat or ORROsHe gfikectigp dp seleckemanaien e Febexampleacmanator 4 | mashyapasizen e

particul ar. | V. ; Ll ; . | ' LI es a
Dar Tl B Rl el S\ BhAGE 1 ATeBEO bl flrado B M ABE LY 2

whi ch i sciddseiBE patticulbretBe t@be vagormd, A2 dedif@Patk! ¥ alsy illGheReSapak3, 14
t hus enable the active being vaporized to exit fromheater 1 into the

at mnopheogspaeed apbyingad 3j i foarmedahtrowgh cdver Bat al6caiarewtichtinabigged cover 3,

and when pushed, overrides the tinme delay.set. by the off duration knob 6
and per nWit8 emanagerseld Mh@aﬁeﬁiﬁctlﬁ%’arép%‘rlng%dﬂ s ¢nablgthg aghveact i ve

fromone_or hoth.e a | t I L ect or
o o g NPT B nosté ARG A uBEre Mpe e 8RBl gt o1
SO as tOopfgon 1 §eRRAJIMNBRRSFer, HAd WhEY pikhedlbVdrfidesthe BB dERIy defr M Ng a
receptacle 17 for receiving a plurality of batteries 7 (schematically
shown i nbyilge off)dutatiorpknel 6 agd permasnarserito ditaiaramainetant oheamediate may be
powered by an electrical cord 18 and pl u? for insertion_into,a wall
nmount®d bistof petiye Homeoneoer beth emanators 11, 12 depending upon the position of

selector knob 9.

Referring now to Fig. 2, circuitboard 8 is mounted on supports 16 so as to be
raised above base 2 and provide sufficient room for forming a receptacle 17 for
receiving a plurality of batteries 7 (schematically shown in Fig. 3) for powering

20 heater 1. Alternately, heater 1 may be powered by an electrical cord 18 and plug
for insertion into a wall mounted electrical power outlet.

Fig. 2 also illustrates the emanators 11, 12. Each emanator 11, 12 comprises
a wick 19, 20, respectively and a wire heating element 21, 22, respectively. Each
wick 19, 20 has a lower end received within a reservoir 23, 24, respectively for

25 containing a solution of an active such as an insecticide, pesticide or fragrance, and
an upper end having a relatively flat tip across which wire heating elements 21, 22
respectively extend. Thus, as active is drawn upwardly by capillary action through
wicks 19, 20, the solution is volatized when current is passed through wires 21, 22

resulting in heating of the solution and vaporization of the active.
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Fig. 2 also illustrates the emanators 11, 12. Each emanator 11, 12
conprises a wick 19, 20, respectively and a wire heating el enent 21, 22,
respecti veioys/1Essh w ck 19, 20 has a |l ower end received wdrhises/azmweser voi r
23, 24, respectively for 25 containing a solution of an active such as an

I nsecticide, pesticide or fragrance, and an upper end having a relatively
flat tip acroEachhésetvoii 22, Tkntarrgnget eoreoitain?d volafile saatienor Ylalid, ext end.
Thus, as active is drawn upwardly by capillary action through w cks 19,
20, the puiferabbnbiotogieally actine, whehacan eeaporable biguidimseeicidgRr anres 21, 22

[ ti i i f th | i d o i f th i . -14 WO
0 o brhER Ry hest St OB oS BRI “ThER IR e S
vol ati | epg %h}té{}?xgitﬁrbagé Hizdd c?grsﬁt:ﬁmdgﬂ Be & ﬁit%apaﬁtﬂt Yhe€df. VAItetiddly 2s an

evapor ab I nsecti Ci or an” evapor e liquid insect repellent,

f r agr&inceac reésbsolr 233 .24They be separately fatthed2zhdithgn atteched tocage Bi dothbase 2
and as such may be an integral part thereof. Aternately, 5 each reservoir
23, 24 mgpepeoitsalihR4taamberismavablenand therebytallosviag fontheseplagerment eft

[ 23, 24. b bl d b || ow f h. I
of - encheistbrpdoi s iEl VR LR a8 MR efnefes tered RS iy~
t her ei n. oG Sropa ﬁterehé@\rgh of atvaﬁetynéﬁg@mwn@gm% rBsefbir €LY, t—ﬁini+¢ ke
cont e v e qui d

di mensi oned reservolirs Ining a~ W ari ety of vaporiza

subst ancedde Aadery binaburizatle liquidsustate? 3A cedrdifklgathelreserooieoD3f 24ict ed as
to be disposable and replaceabl e by new reservoirs containing a fresh
suppl@ ofambeisoeonstrunted as tajess dispasableard taplacsable, bypuewdgsabeoirs r anspar ent

of vapor FodainEeTRsE HPED A b haesiirt el 2 By By .
" vapor e et . . .
al {N0UG by RERIRTAC GHFBRRIE B WPRE VLS BoRRPIGUBR IR BEL Ve

I ngredient 1'n a | utiron, the conposition may a

seni - sol aghodht BfVapoRizableddtivie otrlilpid randingiy inchotiehtep s Furthegadthonghe, the
conposition includes the active ingredient and a carrier for the active
i ngr edi ethe prefisresheampeositiey i org whichorontains ther activglingiediena geadiguid ol vent s,

SRR B B o AR BT Ser R sl
azobi si s gt QBhaftiohS: 17B5FOIER! BRI Mpbstil Hlludes'thd A1 RLRMiGH agents

are

and a carrier for the active ingredient. The carrier may include one or more
blowing agents, solvents, stabilizers, synergists, dyes and perfumes. Blowing
agents include azodicarbonamide, dinitrosopentamethylenetetramine,

20  azobisisobutyronitrile, and combinations thereof. Suitable blowing agents are
disclosed in U.S. Pat. No. 4,228,124, which is hereby incorporated by reference for
the purpose of disclosing blowing agents.

Solvents include alcohols such as cetyl alcohol, stearyl alcohol, and mixtures
thereof.

25 Stabilizers (e.g., for providing stability to heat, light, and oxidation) include
antioxidants such as 2,6-di-tert-butyl-4-methylphenol ("BHT"), 3-tert-butyl-4-
hydroxyanisole ("BHA"), 2,2'-methylene-bis(4-ethyl-6-tert-butylphenol), 2,2'-
methylene-bis-(4-methyl-6-tert-butylphenol), 4,4'-butylidene-bis(5-methyl-6-tert-
butylphenol), 4,4'-methylene-bis(2-methyl-6-tert-butylphenol), 4,4'-thio-bis(3-
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disclosed in U S. Pat. No. 4,228,124, which is hereby incorporated by
reference for the purpose of disclosing blow ng agents. Sol vents incl ude
al cohol s woah/iessstet yl al cohol, stearyl al cohol, and m xt mcagsos/mmeeof . 25
Stabilizers (e.g., for providing stability to heat, |ight, and oxidation)

i ncl ude antioxidants such as 2,6-di-tert-butyl-4-nethyl phenol ("BHT"),

3-tert - buiethyl4- téty-@ll@yiphéhcﬂ))M% (m&'ﬂ&lehe-bm@ 6- d1-tert-butylphenol) stearyl-
2, 2" -net hyl ene bi s(4-ethyl-6-tert-butyl phenol ),

met hyl enbeb(j;S(ch-tnﬁtmyLﬂs lw@imx)mheyobmnmppate, 1 3 5 trlmethyl -2,4-6-tris(3,5-
4,4' -pbutylide

4.4 -metfl W‘éﬁgutyff 5@335{5%7@’??%%}1%53##‘8?@%%@1 #hydrogyprterts - 15 wo

23/4 10?@?% W{’&% é %&éﬁ% tet e&?;f%ﬁ%%ﬁ HPA)%ycmmmate)]methane

bet a(8, 5d£1au1fy$tﬁlobt{iraﬂ)mﬁa&ydfstaa)‘?hﬁmﬂlp i(ﬂﬁl@ﬂﬁvetbsorbers derived from
1, 3,5-trinethyl 6-tris(3,5 d|-tert a/l-4 hydr oxybenzyl benzene),

1,1, 3- trbs(lmpimnhm triargldr an@seﬁwwlat@ compeynds, pud gambinations thereof.
tetrakls 3, 5-di hydr ox mat.e
di 1 aur yi SUTFBAGHBp7on AL isal st U1 TAtoNP oSt dAZd o) SoEet 8o der ved

from be zsg ne, triazole, and salicylate conpounds, and conbi nations
t her eof . urtabl e stabilizers are disclosed in U S. Pat. No. 4,874,787 and

in US. Pat. nergist® iicld@&Salphi{2{ (i kitsxy ofiedtidethoxy -4, 5- meth lene- dioxy-
al pha-[ 2- ( 2- bg?oxyggst hoxy) et hgny]I-éf 5- rretyh Ie)%g- di %1( - g)yl t}é)l uene,

ﬁCt athl o Qqﬂnpybtpiyabn%tdcéathgmdlmopﬂ @flhy ané%{f(’z)@myély@yd)épmysloz [2>

ept-5-e c i m de e synergi st re di 0 n

Pat . Ben grm 233710 IeatioRy gtide Jui ¢ Synasgistsasg dli@&ed lﬂifh B R{sbs. tion
can be ui?%etﬁfw Iﬁg h@?g% repellent is spent. For exarrpl e,

sui tabl e stear’ate of 9-ortho-carboxyphenyl - 15

6-di et hyl am nD%regtiMeam:ﬁpoﬁnbﬁemBé h@étﬁtmvemhm@nﬁe&aﬁegenemﬁs Dyes
are disclosed i'n Japanese Patent Publication No's. 09-175906A and JP

07- 324008pent. Fort eramaple psritabRadyest inPluldk Beethostaarae @B?@Bﬂh@&aﬁbox;qnh&n}d -S. Pat.
No. 5,891,811. Perfumes can also be used |q?the aorrpom i on,. Perfunes can

be ub2d, 6edigthylaminssreihylamine-Adsexanthaneandlectran-denatinedyesy Dyes atfest het i ¢
pur poses 4; LRIty W??aﬂ%%ge Patent Publication No's. 09-175906A and JP 07-324003A,

International Patent Publication WO 96/33605 A1, and U.S. Pat. No. 5,891,811.
Perfumes can also be used in the composition. Perfumes can be used, e.g., to
show when the insect repellent is spent or for aesthetic purposes. Perfumes must
20 have similar volatility to the insect repellent and must not be attractive to insects.
Examples of suitable perfumes include citronella, which can be used herein as a
perfume, not an insect repellent.
The pulsed electrical cycling of heater 1 is achieved by solid state electronic
circuitry, as shown best in Fig. 3, but is not limited to the specific circuitry
25  illustrated. The primary function for the electronics is to switch the heater 1 on and
off at predetermined intervals. The ON/OFF duty cycle reduces the energy and
increases battery life as compared with a device that runs continuously. The heater
Control Timing can be set to operate for a predetermined specific time duration,

e.g. 2 hours, 4 hours, 8 hours, etc. or can be set to turn the heater 1 on and off for
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20 have simlar volatility to the insect repellent and nmust not be
attractive to insects. Exanples of suitable perfunes include citronella,
whi ch carwbe3uesssd? herein as a perfunme, not an insect repeldrarsn3/iee pul sed
el ectrical cycling of heater 1 is achieved by solid state electronic
circuitry, as shown best in Fig. 3, but is not [imted to the specific

ci rcui t r préfetérhlined tiategsbriotsge.gr omdioryS sevonids and tlen offdorfiee secomidsasi s to
switch the heater 1 on and__off at predeterm ned intervals. The OV OFF duty

cycl e redungess thedandalipgs Retestar indicates »goed bytierytsy. dhecdhnpsayele Wilk h a
devi t hat t| ly. .T { | .Tim b

oper are. PoAditsbIEBY chiteE 25t 2 (il ntmed Fipual bERO 520 07 % hours,
8 h , etc. : 7 WO

03/ 103387 perf R dauRehion for e MCOnfladt & phrtl (RO Balithy (o7 ok e onds

and t$iendefuiagh by honieorirerthedsatiesy vbhage aml diseorinzativg theaciecuevhen dhe
I ndi cates a good battery(sé. The duty cycle will be_ adjustable by changi ng
a resi st 3pltage decreasss i pisekvrluer When thedatteryavaltassria helow apzesebn for the

| i i . ] 7 d b i i h
pat tery yoeagdheaeRbEEs wllnieghed Bated 0% Riafe: ALRAS s B e cr cages
to a set cMHterE-t?YﬁheHe&t&?wH%é Shioh MRt HROG A& iDRIrAKE BFPESWIB age, the

el ectronics wll enter into a Battery Low Mode. In this node, the controls

to the hdateetiowid bnlheesfoemet iringhthe heatee bffi state wo aedidofaise detovtBatdury y
detection is only performed during the heater off state to avoid false
det el i oto theecurent drainducingrtbe ongtate.n The cireyit ol semple theebatteng voltagei t wi | |

| t batt er, | .t th ti ' t . bef t {. | d
docy do 1 fhien Ergsysteso@ e heatst SpawPTeveid disider o pron dufite T o
addi t i °”voft£‘€é &r ?%x‘n'xal.l(ﬁ ﬁef‘@?@?ﬁﬁ%ﬂﬁi&ﬁiﬂ kert Wifl bteg)eh été}\é’si‘é@util@?ﬂoqﬁé ect or
circuit to rendve 0scilTati ond o j udgefent “ar oun the Tow Vo tage |evel.

15 Fi gur ¢owd voltpgedetettor dioitedkérabve bl atonscofjudgethent aoubddiclowl. 1t is a
simple, lowcost circuit and will allow the heater to be switched ON and

OFF for #oltpgekaekrm ned tine (duty cycle). The ASIC, microcontroller or
glets gLﬂ gnl 8|g|r églfrg sr%BEeg%\%%% ﬁo’%&%ﬁaﬁ%ﬁ& ronic citcutt For}thieg{%%ll. L[?\ll\é a|13 Esai%p re,y
low-cost circuit and will allow the heater to be switched ON and OFF for a
predetermined time (duty cycle). The ASIC, microcontroller or discrete logic
component 29 incorporates a conventional Low Battery Detection circuit as is well
known in this art.
20 The circuit of Figure 3 will either turn the Heater ON or OFF. Depending
on the heater configuration ultimately chosen, the two states of ON and OFF may
not be sufficient. Take for example the situation where ON would allow too high a
voltage across the heater, resulting in too high of a temperature. In that case, the
ASIC, microcontroller or discrete logic component 29 will modulate the output,
25  reducing the voltage to the heater. A pulse width modulated (PWM) method of
control would be an efficient scheme for maintaining the proper voltage across the

heater element 21 or 22 that is less than full ON.
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known in this art. 20 The circuit of Figure 3 will either turn the Heater
ON or OFF. Depending on the heater configuration ultimately chosen, the
two st at esooB/1@8and OFF may not be sufficient. Take for pexamspd/er7ehe
situation where ON wuld allow too high a voltage across the heater,
resulting in too high of a tenperature. In that case, the ASIC

m crocont rol | The Gol16Wingr tibAg$ QsePfop PWM waPefris: nodul ate the out put, 25
reducing the voltage to the heater. A pulse wi dth nodul ated (PWW nethod of

control would be an efficient sohgpe=#gr Jigntaining the proper voltage
across the heater elenment 21 or 22 that is less than full ON -17 WO

03/ 103387 PCT/ US03/ 17767 The f oMhewé:Ngreq¥aki on is used for PWM wavef or ns:
Vxjs = Vpk tONNT Were: Vpk = Vbatt. toN = ON tine for the heater (seconds)
5 T = period of tine for 'evkONtHIE Pthe bisaler (%S0Rd) be seen from t he

equatg’ on, if one noni t?rzs%é}%f#ﬁ%ﬁ%%{PW&R@%”%PQﬁ]&?n adj usts tQON, one

can Keep Vas constant. A Deneticial ‘consequen e’ use of electronics
is the incorporation of a 10 clock within the circuit to create bl ockout
periods of the day when the device is not required and battery energy
conser vafis@an derseen fionp Hecequationai fransuhonitars bettepyovedtage, (Ve thendoes not
need to include an on/qff s\yvitch such as that shown as 30 in Fig. 3 to
depover RHYstdam-PneIBKEEP V rsONSia8l-of heater pulsing is provided by

three subcircyids..cP | i J . : ration
of heater 15 trsctsiet EBhGRRE of theBeRleThARE bbbl bl O

al | op f elocRatitifihXhe EREIIOY0 FRARISIGERSut Wekiddy of tadA, WHES the\ldéltife I0sbtl at i on
that regul ates battery use during the on cycle with an on and off subcycle
t 0 manageequiredranddmtisry €drgy copsergatiaocaeiake plpoce thoal sesadty boche used, i f

desired. Potentjoneter, 27 is inclyded, to r | ate, the durati on of the on
cycle f . BAveress heaen hdscs Bobness tgrBCludesR o clh swilshisheh s that shoWB@si ncl uded

for motiggs, i’i@ %o d)erpoWep the 541° rSp%wlffccéun%lssblf:lpeatt%ulsing is provided

by three subcircuits. Potentiometer 25 is adjustable to control the duration of heater
15 off cycles from 5 seconds to 30 seconds. Potentiometer 26 allows for battery
energy management with variable pulse width modulation that regulates battery use
during the on cycle with an on and off subcycle to manage power needs. Other
power conserving methods could be used, if desired. Potentiometer 27 is included
to regulate the duration of the on cycle from 0.25 seconds to 2 seconds. Other
20  subcircuitry can be included for motion, light, or other sensor switching such that
the unit could be dormant until needed.
Power is provided by batteries 7 and could be AA, C, D, or other 3 volt
battery wall power transformers. Batteries 7 may also be rechargeable. Power may
also be signally or simultaneously connected to a permanent power source in a
25  tethered or untethered manner.
The wicks 19, 20 may be constructed from natural materials, fibers,
nonwovens, sintered polymers, ceramics, metal foams, open capillary tubes of
ceramic, glass, or other material. A critical consideration for the selection of any of

these materials is the temperature required for surface heating for the effluent being
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the unit could be dormant until needed. Power is provided by batteries 7
and could be AA, C, D, or other 3 volt battery wall power transforners.
Batteri esw® oomg33sd so be rechargeable. Power nay al so be scgmabl/yr7er

si mul t aneously connected to a pernmanent power source in a 25 tethered or
unt et hered manner. The wi cks 19, 20 may be constructed from natural

mat eri al $olafilided.sThe peeterrée Mackinigthatesidl RUeydrhics in pat betase omttsdﬁ%ﬁ oars,
open capillary tubes of ceramc, glass, or other material. A critical

consi der temparatuoe talerance| Bohares atheraiggtunés withsomenathesr witks wish thee
tenperature required for, surface heating for t fflyent .being -18 WO
03/ 10338 lﬁ@ﬁ(ﬁ%‘?f porgssize %‘P‘gffﬁﬁ‘é’ 1n F?éespﬁ“ér g’r"i‘é& W%é‘&i‘?ﬁé’llarfg‘feeri al is
ceram c, i t -Of i e p : ar es
othor | cBidbeBtopRARYS fiflinizt Regt (b fory FRF[Felify pBRACEE nldietlS 20,

t o adylr eExhehvEkk BGbdtalte s eotlutavé thg, a dieldvbc asetialayes of rfeperties to
further mnimze heat transfer, and is readily available as a material. 5

| f the whousandibs pfam inch indhibkoessmustisnplacet] bé¢tawsenithe electridally resigtéve of a
few thousandths_ of an inch_in thickness nust be aced between the

el ectri cafater @@ﬁhﬁﬁugétratﬁegf[%tﬁné dquat ﬁ%q%ﬂﬁgﬁh%P%?do#%@éaP%tF@sﬁEﬁ requiring
t he need ' i r r [ [ : ret ai ned
capil | argxfeg%r}r%%ﬁ#rgﬁé%rg%c%&ec%s ﬁé&:ﬁa edq%? ggdlrr?’&)tg g‘%s fé)E gqaggg’a%%@h\% cks are

al so pre@aby cett.N Cebathid Wiks @adalb phefetitle ittt thelCadapidisithnPReqtePCcESSI NY
tenperatures, if required. O her wiCk materials include w cks nade from

saw dust depusitsor promessangl temparatuees, ifiequired. &ther wizkwhatesinbidcludeeded

tenmperatures to vql atize the tj.ves. re to the success of this invention

s the sHIGEINAYE GPmLsakdustanst silicals resit ateqféélgfeot-or‘é@["%tﬁp@e heati ng

el enent . fé&eﬂqgﬁggﬂu%gwkﬁla?aéﬁﬁé Q&ti ich 15 functions as a heater when
PYSRS PO AISaeY &

current y 1S passed through it can be achieved with a

wide variety gbré@ptherticsat ofilab snvenfioaris iy sdléctioncorredtion gesiret ri cal
scale as well as the energy econony needed, heating elements from

tradi t i oappropHaterdledtso-aesistbereating leloraeride ¢ thermiatly gtabde matersal winichk fi |l ns,
A 1S, Meanctions as & heater when chrrent Hows from a batiery. 1§ fassed throagh it can be = ¥
achieved with a wide variety of heating materials. Important to the small
geometrical scale as well as the energy economy needed, heating elements from
traditional materials and sources have been limited to wires, thick films, and thin
films. Wire heating elements are commonly associated with alloys with trade
20  names of Nichrome, Ohmax, Radiohm, Nirex, Nilvar, and more (Omega
Engineering, Inc., Handbook and Encyclopedia, Electric Heaters, 200, pg. z-38).
Pure metals that may be used, but show less resistivity and include platinum, iron,
zinc, molybdenum, tungsten, and more (Omega Engineering, Inc., Handbook and
Encyclopedia, Electric Heaters, 200, pg. z-38). Thin films can be derived from
25 metallic films, oxide films, materials from nitrides, borides, carbides, stanides, and
the like. Stannic oxides (SnQ,) or tin oxides can be deposited as a very thin film of
2 um or less. The other metal oxides are formed as a thicker or intermediate film,

but still considered as a thin films. Thick films are also possible sources of

resistive heating elements. They can include electrically conductive adhesive
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20 nanes of N chrone, Ohmax, Radiohm N rex, N lvar, and nore (Onega

Engi neering, Inc., Handbook and Encycl opedia, Electric Heaters, 200, pg.
z-38). Pwoasmesats that nay be used, but show | ess resi stPCTiusSps/ard7 i ncl ude
pl ati num iron, zinc, nolybdenum tungsten, and nore (Otega Engi neeri ng,
Inc., Handbook and Encyclopedia, Electric Heaters, 200, pg. z-38). Thin
filns cathepmosetingeant thermoptastivgialyeticfresimpastexindth Silveror copparpoderf r om
nitrides, borides, carbides, stanides, and the |ike, Stannic oxides (SnC2)
or tin oas thescanguctos. dNgywesin aeptrcesof/glags and eeramies with pprermetals @6s. The

oLt T e LB, P SKGB Pl LR R it 11
aesi veES g SuFt BERYS hav BlesFRY AR TR VbRl SR i
pol yrer i be bbaainedasdifferantishapds anel sigds whidp afaimaining physicligopentids stich .

Nonresin matrices of glass and ceramcs with pure netals or netal oxides
such as adelgstricBkGsisttyityg desity2 theppal coaductizitypand spezific heat. hesegyo, and

obt ai nedPrapeRiTs UF SRITEHARLEY e Bhentflena e pRpar e
properti ??ﬁt%BeSSﬁ%r egfé‘itqmggal resistivity, density, thermal conductivity,

and spec eat . properties are determ ned by the constituent

el enents, proTasshond prefehred of tiabovrastistivehestiigi@einentsnis @ither a #he nost
preferred of the above resistive heating elenments is either a 49 10 gauge
Ni chtbnegaugesNighrameiwire or déint oxigde thin Alm. nisapartant te the sedectioneafithese of t hese

i sti heat i el ts is.thei ffecti S, at latilizjng.soluti
nd t hel FesERetB Flamete < e Trefyeics of Kol ie sl dapatdB¥2 Catse "o
and ¢ hei _ _ |
Lempor ot £ 28) STEEACE TRe CalEe B ROAVRY AL L RARRALE, Gr APRARE ' o F

t hi nni ngregistandd AtEless erdidy dhdv 06 gpdtaictnectiod wife feaiperataresT ekdlodivrone
| arge gauge wires are relatively fragile and are subject to nechani cal

failure thsistivg materiakc there ian issemepbthinning ovire diamstiersanditheqiropepsityrfar use.
e O SRR R SYL N Lhdices, Sld epies, and feLigue o (he
oxi dati of, f 4G ﬂﬁﬁ}éeauring manufacturing, transportation, consumer handling, and
use. More significantly, thermal cycling induces stresses and fatigue in the heating
elements, which may result in heater failure. Undesirable oxidation of the heater
material can also occur causing weakening and possible failure. Figs. 4a through 4f
20 illustrate various resistive wire heater designs showing a wire heating element
123a-123f touching an emanating surface 124a-124f located at the tip of a ceramic
wick 125a-125f, respectively. More specifically, Fig. 4a illustrates a single straight
wire heating element 123a touching a flat emanating surface 124a at the outer tip
end of wick 125a. Fig. 4b illustrates a simple or single serpentine wire heating
25 element 123b touching the flat emanating surface 124b at the tip end of ceramic
wick 125b. Fig. 4c¢ illustrates a multi-serpentine design for wire heating element
123¢ touching the flat emanating surface 124c at the tip end of wick 125¢c. Fig. 4d
illustrates a wire heating element 123d that is wrapped around the circumference of

the tip end of wick 125d such that the emanating surface 124d comprises the outer

-20 -



material can al so occur causing weakening and possible failure. Figs. 4a
through 4f 20 illustrate various resistive wire heater designs showi ng a
Wi re heatwogsabssent 123a-123f touching an emanati ng surfracash24mel24f

| ocated at the tip of a ceramc wck 125a-125f, respectively. Mre

specifically, Fig. 4aillustrates a single straight wre heating el ement
123a t oughtwdfatentiatsuefieeaf wick 385d.aF &, He4Husttatéd@ paiwtofispadad wirbd of Wi ck
125a. Fig. 4b illustrates a sinple or single serpentine wire heating 25

el enent hesing danientsgl 23etofichingdhaflat ¢émgnating surface 128 ¢ at thentép engpofnd of
ceramic w.ck_ 125ph. Fig. 4c illustrates a multi-serpentine desi for wre
heat i ng BhbATe: fff!?@“%o‘l?c%‘i’tﬁa thajalthoygh é‘ﬁamsr@%gm ustraterh ntiple, | p
end of W@ ' 4| lust ' h ' -423d that is
wapped%%ﬁ#égf%aelgéi%é%g ’elféér%ég Og?ﬁ(ﬁ?hg%%g%ngﬁ%#?%@&ﬁ%sééch that the

emana i nﬁqoﬁﬁﬁhg@ﬁameﬁwm&feﬁ@s‘wimﬁea@mgealema& MBOSucHS 8¢ siieTofhe3/ 17767

circunferential surface of wick 125d. Fig. 4e illustrates a pair of spaced
wi re hetipiend ofiveick 281 sedethat an hiougte prrtiohaf teeraineurnfeyentialisutfaca 2fie at t he
tip end of % 125e. S\Iléi shoul d be note that al t hough two wires 123e are
i 11 ust r at¥dek ¢qrpPRses ing gmangiing suptacs used, i.e. 2, 3 or nore, if

desired. Fig. ,4f 4]l | / | | | Lre
heati ng el ene‘r?‘?m&%ftyﬁ%éghlgegelg%(g#ég’fsgge(@ H@%@&Pﬁﬁ gsﬁ%%o}?& rwdg@!g)g%é(g%m%uch
that an @lnWFth S€Ei(SROYS or AtBefitdsiatint depaditcdl filsny, f A% @mPbrtand ck 125f
conprises the emanating surface 124f. Another type of preferred resistive

heat1hg ebmsideratios isatheatinact deposfioredf thei oxidé oh theéeraimic substirate $a02) or

ot her resistive deposited filns. An inportant 10 consideration is the
direct dersatEst wRcEmicHly &huabh%ertthétr%éy&mée &5 pusceptibletaapechapicdl o

mechani C?E‘ilt%eé.lr gtgalig% gggsﬂlté fsu ,gas'?%ir@%si?t?veaﬁea%&sfc?egéhﬁggi[ntg?nﬂgtgg?ni cal

failure. su I, as awre resistiv from

i nconsi s PGﬂ{ion RéIeH dspBctWolthe #WaSIP8Chah@fabhRing £ild cHanBBdtHa@ 6b&iriviidh asél
changes that occur with use. An inportant consideration with the use of

Sn02 i s Amampdrtant kensidératiopavith the wedf B hathatfitstthermarexpansidn andt
subst anti al I¥ differ., As a result, there is no debogdi ng or, other failures

f r oml 2 hethmhol the eeramic da ot sebstantigllydiffer.s8a ageswy; there 15, @gtdieh@ndmg or
\',A‘Md? iht | On%{hle}{ féii]ueress ?r%%n Ethal resd Hh%E ogéu r{lzvﬁil? E)lrﬂsreTg Bt %lycl"fléi Héatd.n%r.'al oxi dati on
Additionally the SnO, does not suffer from detrimental additional oxidation with
use.
In consideration of minimizing energy use, the heating element material
20  must have a resistivity sufficiently low to allow for rapid heating and cooling. It is
therefore desirable that the heater resistance correspond to the energy density of the
power source in order to minimize power consumption. Suitable heater materials
of low mass, such as SnO, can be created with very low density. Not only is the
composition of the resistive material important in achieving this, but also the
25 thickness and other geometric consideration with a relationship such as R=p
(L/(WT)). Where R is resistance of the heater, p is resistivity of the heater
material, L is length, W is width, and T is thickness. The deposition of the thin film

by atmospheric, vacuum, electro-spray, thermal, or other vapor deposition allows
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use. In consideration of mnimzing energy use, the heating el enent

mat erial 20 nust have a resistivity sufficiently lowto allow for rapid
heati ng awo waedssng. It is therefore desirable that the Weateo3nesi st ance
correspond to the energy density of the power source in order to mnimze
power consunption. Suitable heater materials of |ow nmass, such as Sn02 can

be creat g pkistive kite tovbedpptict Yo cORoussd surfates, Aehich @sydinchides seiet he
resistive material inportant in achieving this, but also the 25 thickness

and ot heinterpahpore surfasasi deration with a rel ationship such as R=p
(L/(WN)). Where Ris resistance ,of_the heater, Js,resistivity of the
heater” mat er fother adyantage oha thim G heating clpielt sdhatihereradd amc

deposi ti . | L] P ' : SR
thor mal  Hopelspif Suttlbdarch, Thie IS RuRRGiehes NGRS BheE) S30r BetPie, 17/
the resi glehient @xteatd Mobe et eherhtal ¢AARY aad vouitiliaasn officcdbladion.

I ncl udes sonme internal pore surfaces. Another advantage of a thin film

heat i ng Beeamsetofithe vapor ddpesitionamethedathis surfaceawveiagesanfalsocexderdiintdhi s

allows for increased |iquid, cqontact with the hegting 5 elemept to create
mor e of f {1 RATES P Icks Fapillpees, oR @RES I SHULTUrSSat shbqy@u%%% &thingss Obecause

f th : it i _ di
Che. por eBepaly B OB A5 qIPsk e Bofoinfifte SR HoRRROEMMUR) R 20° ¢ " N
thi nness &ffo?ﬁbé}g:ie%dd\?ol’éﬂfiiiiﬂtidn g#@@.smetthiﬁ'zoﬁﬁl ik RRASHAOWS FoCther e and does

not inhiglt ng performance and volatilization sites. The thin 2 .tm

t hi cko f i pomntihl toViayérothin fitmd @s peddeditb alchiewe ldeyieed td3istivitylofth@heateeded to
achieve desired resistivity of the heater material, in conjunction with
conposi t materialnian ¢aspurstiaewith composiionesnd beater design ypdahlonnPagsdleof thin

L e S e, G SOTE. (o8 ape (TR SELULLY S L, e enr o
becone f{rgﬂgleeﬁ%r%fﬁﬁﬁ%ﬁle'vlé thé s&rﬂ@teﬁn‘siﬁeg%@% E%Q ishidnhe Wirel gzr?pds%%)éaés@gng s also

thin 15 nimze heat tra random t erature

vari at i offiydsitofeCliigild éﬁpéuﬁﬂ?uftﬁefmbﬁﬂrétmdﬂﬁphﬁﬂiiﬂg dupobited ishilskttgas of the
film Figs. 5a through 5e illustrate various resistive thin film heater
desi tns thioelprginamize reat itans fegzandr(g) random temperature variations can occur

throughout the film depending on the thickness of the film. Figs. 5a through Se
illustrate various resistive thin film heater designs showing a thin film heating
element 126a-126¢ located at the tip of a ceramic wick 127a-127e, respectively.
More specifically, Fig. 5a illustrates a thin film heating element 126a deposited on
20 the flat tip end of wick 127a. Fig. 5b illustrates a thin film heating element 126b
deposited on flat tip end of wick 127b as well as the outer circumferential surface
of wick 127b which is adjacent the flat tip end and comprising the outer edge
margin of wick 127b. Fig. Sc illustrates a thin film heating element 126¢ deposited
only around the outer circumferential surface along the edge margin and adjacent to
25  the flat tip end of wick 127¢c. Fig. 5d illustrates a grid-shaped thin film heating
element 126d deposited on the flat tip end of wick 127d. It should be noted that
various other designs could be deposited on the flat tip end or on the circumference

of wick 127d, e.g. a mesh, a spiral, a polygonal-shaped grid or some other network
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el ement 126a-126e | ocated at the tip of a ceramc w ck 127a-127e,
respectively. Mre specifically, Fig. ba illustrates a thin filmheating
el enent MOasdepssited on 20 the flat tip end of w ck 127&CTRiSg3/17567
illustrates a thin filmheating el enent 126b deposited on flat tip end of
wi ck 127b as well as the outer circunferential surface of wck 127b which

i s adj aceﬂspatdaa hfnbélt Fi% Bedldsteatds 6 #Rrfilsi heatingeclombnr 1 2610 the®ssh ofaf W ck
127b. Fig. 5c illustrates a thin filmheating el ement 126c deposited only

ar ound tHnnmlhbendepomtﬂcfmﬁlﬁﬂaltllsmdaﬁmddb2ﬁg; t he edge mar gin and adj acent
to 25 the flat ti of w ck - . 5d i ustrat d- shaped thin
fil mheating ASI% abm&a eaﬁei egrima mﬁsmf&ﬁa&ersl% %!,dll%&aﬂzm It

shoul d DIt &Rl ALRURL HIRLI e SHRRE ifRUEIPorRREN kiR Lhe 11 at

tip end or on erence ral, a

pol ygonakvsdvrasle fafidswhichsaerisefileh hBger ke hﬂﬁtemn@ﬁtolﬁmmmﬁétusw 17767
of spaced l'ines. Fig. 5e illustrates a thin filmheating elenment 126e in

the for nswéh Buidshravapdrizableepoef @ edmpnsition Whieh is ¢gpabhdobyaparizatiofze. As
set forth above, one f t he p{_ll mary u %;; of heater 1 is for providing an
i nsect r apdAreegisigrad; W’s‘é??t‘i"E Mmangn de SOMPRTHINN ¢OBRESSSONSAT 1PTE nsect

el | ang o GXBROLaDG Lhi S P BB b ASBHE" Chify |1 Lo

onIy to suc e vaporlza ar e a COHDOSItIOﬂ

whi ch Isc&mamg-ea&%ntsqa@ruumwmg AR, %Eeﬁﬂgétﬁbﬁfz@f& SphierRes, dhyeh humans.
The COﬁpOSItIOﬂ conprises one or nore active I nsect repel ent and one or

nor el®pt and flagrmces eelli ]ngwﬂdtcembse siipied omtis aﬂar&uuiiablel mgcc&demﬂeslts arel ude
bl owi ng agents, solvents, bilizers, synergi, and, fragrances
wel | knotwemplified by DEET) @cret insy Fhryseanthemig aci |d@rwa wé%& apgqutbfﬂl -are

exenpl i f T I Y. eri nd

pyr et hroF%gmyﬁﬁﬁg%égbgeo@gﬁg%ﬁgaemrﬁ ) aré%‘ﬁ % ?tﬁlfinhgl

d-All et hB'ldShlle@'u‘i’@'ErﬁPEﬁthﬁn ﬁralﬁ'ﬂﬁi’d |a%HhFrbﬂsﬂlﬁHHﬁnW'FfdferrE’d abla@itérr i n, and

Transfluthrin erred vol ati | i nsecti ci dal uid substance is

3-allyl- ﬁrseethh;ihlc&mkicspbslhaeéz}ﬁm}lykbnnethplcgclmpdma-l-'éneﬂeom sold undee
Pynam n- Forte Sum t onp Chem cal of Japan.. A_ preferred

voI al? | etherhfé@fl nﬂ@ﬁeﬂ ynaminglqrfeby §H§’c‘%ch§mﬁ$q{|§ﬂ by of faat. 1A vami de
(commonl fre@rrg\@ voI%uPEl%séct-repellent fluid substance is N,N-diethyl meta-toluamide

(commonly known as DEET).
In additional to insect repellants, insecticides, and pesticides, the portable
device of the present invention can also be utilized to evaporate other evaporable
20  fluid substances such as evaporable fluid antiseptics, evaporable fluid agricultural
fungicides, evaporable fluid plant-growth regulants, e.g. fertilizers and the like,
evaporable fluid herbicides, air fresheners, perfumes, deodorants, medicaments,
and the like.
A Nichrome wire will expand and contract approximately 0.001 inches
25  during the process of heating to 160°C and cooling. A spring mechanism is to be
used to keep each Nichrome wire in constant tension against its corresponding
wick. However, too much force on the wire will result in permanent deformation
(stretching) of the wire or even breakage. The yield strength is the amount of stress

required on the wire to permanently stretch the wire. The tensile strength is the
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In additional to insect repellants, insecticides, and pesticides, the
portable device of the present invention can also be utilized to evaporate
ot her evaponaméas7 20 fl ui d substances such as evaporabl e PCuitdos6éBeEpti Cs,
evaporable fluid agricultural fungicides, evaporable fluid plant-growh
regul ants, e.g. fertilizers and the |like, evaporable fluid herbicides, air

f r eshenegmounes FBS thaleasiad drésk theBrs aTRAheater aikenibie nhisk®e A Ni chrome
wire will expand and contract approximately 0.001 i nches 25 during the

process obnstmgtadrepchdhatabe straskes oolthawyireAdaspot exgead ohedhiatithe yidld be used
to keep each Nichrone wire in constani tensi ainst its carrespondi ng
wi ck.  Howesnsth. T8 SHRld ol derlerenath tarag A O Shreme WiFRSypicAtly

def or mat i [ | . n : [ rength
e the. anguNE S ERAE aB SRR PR BT TRERRIADE S0lRY df flelt " e

wre.s Th@,ohﬁpgé'hﬁkggrﬁagtrfof ﬁletgibﬁngaﬁemnps%_lossm PCT/ US03/ 17767 anount
of stress that would bréak the wire. The heater assenbly nust be

construct ed shigs. 1 hd schemsticallys dhistratet dre emhbadident of ar ebeetro resistival f t he
yield strength. The yield and tepnsile strength for,a 35 AW5 Nichrone wire
i s typi cRiileicaling emer(trﬁrgf&a%ehf%’ beivg lwta@s‘ﬁﬁﬁﬁhwﬂpwp PAddr e, - &
300 MPa . S I P 1ar . D | I sm

Fi gs. 1138_5’5&%%@%%0\3%%?@? ?ﬁ? @gﬂlél?gxés_tnfgl %%%&ﬁ?%hp So laé%%gfl{e{)?g ir?%) resistive
Wi re heabb@intd SR AL irfdré ABRWitBH fe§drddirthdall 35. CATupcI6 MiviRg hhe flat tip
end 33 of a wck 34. The opposite end of wick 34 is in conmunication with
a coklposceritrah opewimiganot stgpvem) iaased & supgpoetwinkt 34nint dn npriglggrosition, andai al  35.
A cup 36 having a 10 central pe&i%ng (not shown) is used.to s&:\;;)pﬁrt w ck 34
in an up$SayREMFEE; thisppeningand Wigks P4 PERVRBESEXCRFY VG BN atiomandprikage
prevents essi ve.eva ' nd spillage of the conposition within vial
35. As sﬂﬁ cg@gospﬁor&?@t&ﬁi%ﬁ?\%ﬁre heating elenment 32 is nounted on a

bowtie shapedsRhaivd best WMFiRD 1B1nwh%ﬁ§tiﬁ% 6!%&11%1@'32619 mdudtedBA®owdie3 and

oppositely 15 extendi ng triangul ar shaped wi ng nenbers 39 and 40. Central
menber 3shdped plate 3dpehichgntlndesa centiatanhakr methbere3&and opysasitelyi al | y t he
samel SaS é}r(]tgngiingqfiggéulg; sl\llgp%lfl wing members 39 and 40. Central member 38 has an
| opening therein that has a diameter substantially the same as the diameter of wick
34. Wire 32 is disposed across opening 41 and has opposite ends affixed to plate
37 by rivets 41 and 42 which in turn are electrically connected to a battery 7 by
wires 43 and 44 respectively.

20 Plate 37 and wire heating element 32 are captured within a cylindrical spring
housing 45 in such a manner that plate 37 freely slides vertically therein, i.e., is
free-floating in housing 45. Housing 45 includes an inwardly projecting annular lip
46 at its upper end that provides an annular lower surface 47. One end of a coil
spring 48 bears against surface 47 and the other end of spring 48 bears against plate

25 37 so as to provide a downward force to maintain wire heating element 32 against
the emanating surface, i.e., the flat tip end 33, of wick 34, as indicated by arrow 4.

Although a coil spring 48 is illustrated in Fig. 11, other types of springs are

also contemplated for use in the present assembly. Fig. 14 schematically illustrates

a floating wire heating element 50 mounted across a pair of spring fingers 51, 52
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34. Wre 32 is disposed across opening 41 and has opposite ends affixed to
plate 37 by rivets 41 and 42 which in turn are electrically connected to a
battery 7wioy3/1e838es 43 and 44 respectively. 20 Plate 37 amdmiSo®1treat i ng

el ement 32 are captured within a cylindrical spring housing 45 in such a
manner that plate 37 freely slides vertically therein, i.e., is

free-f| ofér movémemonthediré&tiotlofisiroy 5% Figc | fidelseraatidabhyaitldbtyates spéng i ng
annular lip 46 at its upper end that provides an annul ar | ower surface 47.

One end Birce beisig applisdibyp pair béapidedispations 54 andeintegrally formedaspart end of
spring 48_.bears, agai nst pla 5 Sp as..t rovj de a dowpward force to
ot nt 31 noGR rarobeA mererBREse G 16SReRlica IR ApiBETREbeE o° ' Fhe
flat tip | ¥ LGl il

Lot ng LoDl cBEiEhe3h R A SAEEYpit o odre Ry S

cont el Bigd 7fehematically fihstratee Sprihgderebeing applied biistsstbiimgta wirke! v
illustrates a floating wire heating elenment 50 nounted across a pair of
spring fheajingselsmens39. Ipthiyembedirness widko? ssimuldered agaigst thevement in t he
di rection of rqw,.53.  Fi 1 matically lill.ustrates,sprin force

bei ng apBPﬁ?gaﬁ?)P%é’li‘)tﬁiql S(S‘fgth%g‘le:tﬁaqg’é’c‘chgﬁgr%’ﬁ PLYjaCisd "W@BQ}BEF? 3lor med as
part of ' | t ' T8 i : | es
spring f8 cl)g/h Z?%Sﬂfﬂg%e?&ed yeé%??%?a??%ﬁ%@g%m%rall#%é4%#@% as a part
of a wirerbeaphinst wickngt 58. 5 Fig. 17 schematically illustrates spring

force being %pl ied by stretching a wire heating element 59. In this
embolld ment, wFtgk 18zchemgtieallyidlustiateg i side monsting gadogimentofor theypeesent so

that the.flat. ti dth f . | ect h h t tral. ' th [
o str et EHeRtip YEIERBR VoS TERHRE SlPomio2n: o uhR e T e
agai nst 12’{3%?8?9%%1%91 HenBathifle Tﬁ?ﬁﬁfﬁ:ﬁ(‘(}iﬁ@ ¥rdof laﬂatabé{lgé?g6§!o‘i}%imnt' ng

enbodi ne e present inve erein a wre ating elenent 62 is

mount ed ageivisi 66."Wige 62 ivhffixeditela UShapéd plato6nundexteadsativss e fl at tip
end 64 thereof and above cap 65 of vial or reservoir 66. Wre 62 is affixed

to a U shpenidggbaned BY thnl texengags onbearsgainsethesidnphiyyickobped p3irofie U to
Condlit oPeacEd aat c9opriom G an,casevidF aniclectiifl conretion B eReeRPi o
circuitry schematically illustrated by 70 and battery 71. Conductors 68 and 69 are
preferably composed of spring steel so as to inherently function as a spring to
provide a force to maintain the wire heating element 62 in contact with the
emanating surface, i.e., the side of wick 63.
20 Fig. 18 also illustrates a holder for removably mounting reservoir 66, cap 65
and wick 63 (comprising one embodiment of a refill assembly) to the apparatus.
The holder comprises a base member 72 for supporting the underside of reservoir
66 and a pair of opposing spring finger members 73 and 74 that grab opposite sides
of reservoir 66. Finger members 73 and 74 thus provide a snap-fit assembly for
25 removably mounting reservoir 66, cap 65 and wick 63.
Fig. 19a illustrates that a wick 75 can have a notch 76 formed in its flat tip
end 77 to receive a wire heating element 78. Notch 76 holds the wire heating

element 78 in proper position and also increases the wetting effect at the wire
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circuitry schematically illustrated by 70 and battery 71. Conductors 68 and
69 are preferably conposed of spring steel so as to inherently function as
a spring woo3spopside a force to naintain the wire heati ngPelrarses7762 i n
contact with the emanating surface, i.e., the side of wick 63. 20 Fig. 18
also illustrates a hol der for renovably nmounting reservoir 66, cap 65 and
Wi ck 63 hegiiy élehiedt P8.EFesIOB) ilfBsrated a dotch 79 forarddnithy yidewftah@ickigrar at us.
The hol der conprises a base nenber 72 for supporting the underside of

reser voi to regéivaradwire hwating elepperd Silrfgr Spr same feasems notediter Eig73%and 74 t hat

rab opposite_sides. of reservoir 66. Fj.nger nbers 73 and 74 thus provide
g snapP 1I‘O it asgbgfr%l%vuf‘%ffat%y?te@w]&%WM%&PB@'%&%WBiSPa%%&%ng alrcl)d :I/\AI ck
63. Fig. | ' inits
Frac o phéaihg GHHRLEEAId 8 koftalt B ot GRS B 80k &F MukBATREE, |1
W e fieahkdithg AeAFRRImIght ibe use@PRdesiteditd volhtizd theeeffdchiveBa sesolatige wet t i ng

effect at the wire -25 WO 03/103387 PCT/US03/17767 heating el ement 78.
Fi g. 19baihlighestratat esasa nedunida@systanred in the side of a wick 80 to receive

a wire heating.elenment 81 for th . ted. f ig. .19a., Fig. 20
il \IMust r at esI y&18- #ndd %?traéﬁ%%mqsr@%asa %V%F%agfﬁgéng’g'&%ﬁﬁl '%rﬁéiﬁéltvg% p udﬁ%iﬁttg i ng

I ¢ _ . . . : . Lt il :
ol et %o 30k on 8T ik BEptka b pERaféh SicR ikt B andntif © Wi e

t o vol at ixggk pbrtioh §7.9TRE pefthshen®ividls partiodBB@aha vayshedtingdlementles
illustrates a nmulti-part delivery system wherein the device includes a

t wo- Hi ecevoubd beraffiyedmrcdttached to theddayicessopas togreemn-wineavahde wihdle the and a
refill w portion 87 Th er manent w.ck rtion 86 and a,wire heating
el ement @EW‘%B?W%@%‘WPP %B‘fm fdthedsy Ql?lﬁé"@é s eeragvable and o

non-r eno | L1 ] rti . fill
assenbl yy%g%%ﬁ | sﬁfgﬁr%géab gﬁgﬁése%@épgg’e%g% ng%raz;&%{)svgtrh btﬁF @?ﬁg%&g‘gﬁ%f
refills, j@anis BE beRédiatioSislatdthehRatée ¢ledgerd 38 frbisuset intoMaxtibe, therdli cial to
i sol ate the heater element 88 fromuser interaction, thereby preventing
danmage t pravieatihg damage taithe datém mainteinmieg the relatitnshipf ofteatertorwioki ck, 15

reventing contact with _a hot surface, d.allow use of a | ess expensive
IDOW_ 15 pgeventmg contact with a hot sur{ace, and a%Powmg use o?% less expensive ?ow- P

temperature refill wick (permanent wick portion 86 would be high-temp).

Fig. 21b illustrates that when using a two-piece, or multiple-piece wick a
coupling medium 89 may need to be disposed along the interface and between
portions 86 and 87 to enhance fluid transfer between the refill wick portion 87 and

20  the permanent wick portion 86. Examples of coupling medium 89 include felt type
materials, cotton, absorbent paper (e.g. filter paper) and woven fabrics. Coupling
medium 89 could be affixed to either refill wick portion 87 or permanent wick
portion 86.

Fig. 22 illustrates an "all-in-one" refill assembly or unit comprised of a wire

25  heating element 90, a wick 91 and a reservoir 92 of active solution. Reservoir 92
can be formed integrally as part of a laminated plastic film package 93. The outer
edges of the lamination 93 may contain holes 94, or any other desired and

convenient means, for aligning the all-in-one refill unit in the device.
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tenperature refill w ck (permanent wi ck portion 86 would be high-tenp).
Fig. 21b illustrates that when using a two-piece, or nmultiple-piece wick a
coupl i ng wedi3un338® may need to be di sposed al ong the i ntericanesoantiéhet ween
portions 86 and 87 to enhance fluid transfer between the refill w ck
portion 87 and 20 the permanent w ck portion 86. Exanples of coupling

medi um 89 i ncDoAEackeH$ ahit 96 provide anad]sotricalt donAectddit for bEiRé ho/RRY elehenit
filter paper) and woven fabrics. Couplin medi um 89 coul d be affixed to
either r 88 itd b battery poethicopogze of ppwensiacglectypnik cirguitryi (ot sisows). gThearz
illustrates an "all-in-o

e" refi assenbly aor ynit conprised of, a wire 25
heat ny. BeBRntgss 1o A elrnge AL SERRA Smpe bepISCTRUL S aehon.

Reser voi ' | .2/ : ic film
package 3P sEARepheaRTERCN URFER) piidtR (BRAQ, B e BIIRRLER SIFRh o, ' o
any of healldeshé&dThiRdnethod ¢dwies tiieHfsexpeetanal ir%uimi éfbedbnponentse refill

unit in the device. -26 WO 03/103387 PCT/US03/ 17767 Contacts 95 and 96
provi de amd elinmdnates the nevdrior expansiverrohustchardwareng el ement 90 to a battery

or ot her sourgi.e of power via,el %gt.r%ﬂig ci.rcuitr not . shown). There are
advant ages t o L QFORSPIVEENSHE > 1if GLPIIARP OW“lE‘r”élzﬁtg‘? éﬂﬁlvglqcétéfllﬁccg assenbl y
provi des o new: deld ' ' active
sol ution hgtﬁ }g/hta%?&%%!:een.l @nfhﬁghérjrgt%\ggﬁérlee%é?égv%g\ghrﬁ%s g{%gleetgﬁr%‘%ﬁ?}éﬂqui red of
the conpan¢tdkes th@hieatehway, and as arbsulnmote powermnsrbe wgpplidusithdhestepr e. To
conserve energy, it is desirable to mnimze the air velocity in contact

wi t h1@ heeleazng to eladntaint a desired temph ddawsweer, oae atei wiguldihenefibfrom he heat er

el enent and takes the heat away, and.as a rﬁsulﬁ,&m)r.e power nust be

suppl i edeY3ruaHBE/hs pkkinsige th ng @Pﬁ@i”n@a‘ie uce eActivg COBENIAYRRever , one
al so woul. ¢ BGARHE thd AT (RGHALELSE N0 bRRIAGbASIBANNR, T api dl v, to
reduce the active coRcenttation CSurroun I'ng the pinpolnt heater because a

| ower copsrilizatd. oThatfdresit 8Pddstiable/ol bl ¢ hiindde fHeRIs@i e but tilige dgsi r abl e
to nmove air inside the housing, but utilize an air regulation neans to

reduce i as regilation yneans ¢e seduive itsem] avityedarossthe heatgs eleagernt6 Figs. 2Bt rat e
several different t hods of acc I shing this goal when us I n
15 ﬂlustrate severrgai Ji]ﬁ‘erent me?ho er)th accomplishing thl% goal when useg (1jn

combination with a fan while Fig. 27 illustrates another arrangement without a fan.

Fig. 23 illustrates the use of a baffle 97 as the air regulation means. Baffle
97 is disposed between a fan 98 and a wire heater element 99 in the path of the air
currents 100 created by fan 98 to prevent direct contact of the air currents 100 with
20  the wire heater element 99.
Fig. 24 illustrates the provision of a chamber 101 to receive a wire heater
element 102 below (or above) a passageway 103 as the air regulation means. In
Fig. 24, passageway 103 includes an air inlet 104 and an air outlet 105 formed
adjacent to chamber 101 and through which air currents 106 from a fan 107 move.
25 Passageway 103 communicates via an opening 108 with chamber 101 so that as air
currents 106 flow past opening 108 active vaporized by heater element 102 is
drawn into passageway 103 to flow downstream and exit the device via air outlet

105.
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conmbination wth a fan while Fig. 27 illustrates another arrangenent
wthout a fan. Fig. 23 illustrates the use of a baffle 97 as the air
regul at i omormeaesss7 Baf fl e 97 i s di sposed between a fan 98 ana/tmoxmr7e7 heat er
elenment 99 in the path of the air currents 100 created by fan 98 to
prevent direct contact of the air currents 100 with 20 the wire heater

el ement 99. FFip, 234llubtrates vary@ise tHeecrpssddctibaal a2ka af & haudiap cbhihidgraecei ve a
wire heater elenment 102 bel ow (or above) a passagevvaé1 103 as the air
s

regul at | wirerheater. element] @ asthe aparsgulptionymd0s. iFigl 2ddBistratesiar i nl et 104 and
an air outlet 105 roed dj acent t ha r. 101, and t hrough whjch air
o ont chassaerwen A0 Famabdokag B 67 pdtt ALL farpugh SR A A EanRal U o o
openi ng Wi r t e ] openi n
Tbe ey TR PSR 104 L0l crss ition & EEE 0Ol i PUIARSE ODOD! 1O

f 1 ow glovgtsdrhBém E\Haﬁﬁgta_ %réﬁieﬂ@‘b@%dioﬁa?&r"ea@hﬁd Pissaddifay 1 RV wWhiRID3/ 103387
PCT/ USQ3/ 17767 Fi % 25 illustrates varying the cross sectional area of a
&

housi ng centamisnwing heatenclement 408 thercimaehs a remltasha velogity of dwudint i on neans.
Fig. 25 illustrates a sa 10 r downst r.e of fan .t hrough
whi ch ai FUEERt éﬁ?@%@ﬁ%ﬁﬁ%ﬁgéﬁﬁi SHRET 3 ?%@ﬁ@%&%%@i& i onal
area and ' . I rnCr 0SS

sectiona e%@?@%a% Eéﬁlp%?@gg%ﬁﬁfﬁg%W%%l}%gﬁagﬁﬁg%ﬁ%%eﬁ%gﬁ elr0 “el ement 109

therein. As ar[€9lillustrites ¥i¢kABoiment whéreii the fitifepalitidnlihearidassi ng t hrough
chanber 113 and thus over wire heater elenent 109 i's reduced as conpared

to tle vebdmprisgs otap hb4 apvering a sniteshéaterpdemanteldylotated ificgntag6wiithl aist r at es

an enbodi nment erein the air regulatjon neans 10 conprises a _cap_114
coveri ngﬂﬁtWFuvg\QHéQt 2 Wicknld Hexcam LI 83S iha sAmnsE pimanto bafily 37 1n p end

116 of | . 4 ts. 4 L. . I 97 i
Fro. 20 FIE 29 b vt RiEpPecifort ol it FRIASE sy Gyt filer' 0 P\, 0
heater glegEpnt 1313n tHi8 eh{bio'élirﬁéfﬂ&?&%tmm alsedficlidés aphfralificéfsles 1agpl urality

of slots 118 fornmed therein to allow active volatized By wire heater
el enent fdredathesdmpeallow attive nokatized by veire béateCalpment 1 bihiyo bscapeltile on wi ck
1 1b Oir}l%er%r tr}rlg;e%ﬂsggli) rf(1J4 (r:rllaiypge f}ejl?i on wick 117 by one or more spring clips 119

which provides a snap-fit retainer for cap 114.

Fig. 27 illustrates yet another embodiment wherein a vented housing 120 is
used as the air regulation means. In Fig. 27, housing 120 includes a plurality of
spaced openings 121 formed therein so that movement of ambient air therethrough

20  will expel volatized active from the interior of housing 120. Alternatively, housing
120 may be attached via a wrist-band 122 to a user so that as a user swings or
moves his or her arm, air moves through openings 121 to expel volatized active.

It should be noted that all of the embodiments illustrated and described
herein may be attached to and be wearable by a user so that the device is portable

25 and wearable. In addition to wrist band 122 noted above, other attachment means
could include various clips, pins, adhesives, hook and loop fasteners, magnets, ties,

necklaces, straps, bands and buckles, as is well known in the art.
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whi ch provides a snap-fit retainer for cap 114. Fig. 27 illustrates yet
anot her enbodi nent wherein a vented housing 120 is wused as the air

regul ati omormeaesss7 I n Fig. 27, housing 120 includes a pl uracirtugosi77éspaced
openings 121 fornmed therein so that novenent of anbient air therethrough 20
wi |l expel volatized active fromthe interior of housing 120.

Al ternativel yIt shouRd 4190 bé{dtétPthab faridusaypeslofans @aivbe Shcdipofhtddihitd @hea user
so that as a user swings or noves his or her arm air noves through

openi ngsdévite toeshpek efficady byedistrdtuting. the tvokttizad dctiee amdl stbvilgit axvdy of t he
enbodi nment s |Ilumtkr ated and described herein nay be tached to and be
wear abl efngjn dipriegxample,dn @ddition toa gasventipral f 215 atiges ametor |

el uae dHPbtrafing Be, i COURRMENREG pitbd Manfty FIE TTuAERRD SEBeE .

ties,s neekbASESa piizbMRYiceRRRCFIbAIES, 'éﬂ@dih%%n aftach&d ffﬁ’téna'l(ﬂ?%réte ande art.
-28 WD 03/ 103387 PCI/ US03/ 17767 It should al so be noted that various types

of fans omveldr (lowdCPdhatAdternatively hecasientionalofananbeaised to proyidbdy
distributing the volatized active and noving it away fromthe w ck. For
exanpl e, highenaiivelesity; 8s measwred Wsingrubi¢ awtpﬁamlwtm(pféé) AL driven
rotatinggbl ade, one ern .device. The piezo

fapper BapaieSAPiER oot B8 e Pl abRBRE GRS GnglHE, Pachec
et er i al »fgprbr %@ ?&@ ViBR& @i 1o Ben S (yMis Ay P0G Whendgagyent i onal

fan can be ed to I‘OVI de higher air veldci'ty, measSured using cubic
f eet 1(ber withrthé préﬁh@o.ltagepThzonbr&mapmameuhmcail)ptrensferred sorthe flapperor film
material attached to a rectangular "flapper". The piezo vibrates at a | ow
f r equencrepting acfan Itlgatm@vszs)ammKﬁy @mfilté@f DELZRy ﬂapneﬁ%arﬁrtbﬁéqw $BfESYge. The

vibration is transfer ed to f ting a fan that
noves ai FS4UKE Bé‘ﬁ #’%fl 8’255an %{6%8?%&15&9 e’b]ﬁgﬁﬁsté'ﬁ a(ilFequi red to
activat ea%)ﬁab@@ﬁh&& thé b n§h17e§ Pac¥delticiic B%h&é}bPiéZBMIec§itCPl fé S oft ©

avai |l abl e under the trade names Piezoel ectric Bender, Piezoelettric

Fl apper , Pzoelecrito€hepperi feortivoppanidsrsach as Bpznoi Sastans;@lgsﬂﬂmtrunﬁmm ens,
Physi k I nstrunente 15 GrbH & Co.,, and East Electronics., Fig. 3 illustrates
an el®ct OmhH & Gazand E?ﬁétEthFR!b@%a origt adllusteatescan elgetronis Qireyitihata

potenti Or{)%to%or%geg afs% et 1nclu<|:11ng a pcRex?tlometer 128 for controlling a piezo fan

129.

EXAMPLES

20 Fig. 6 is a graph that illustrates the ability of localized and cyclic heating
used in heater 1 to meter the release of fragrance. This method of dispensing
provides for increased control and flexibility. Current heated systems create an
equilibrium release between temperature, surface area, and effluent physical
properties. By controlling the amount of heat or more directly the magnitude of

25 temperature reached, the on-time duration, and the frequency of the cycle this
heating method can provide a wide range of effluent release, as shown. This
experiment was conducted as shown in Table 1 with a 15G NiCr wire resistive

heating element.
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129. EXAMPLES 20 Fig. 6 is a graph that
| ocali zed and cyclic heating

used i n heater

f ragr ancewoTiiig33get hod of di spensing provides for

flexibility. Current heated systens create an
surface area, and effluent physical
nore directly the nmagnitude of 25

t enper at ur e,
controlling the anount of heat or
t enper ature reached,

the on-tinme duration,

illustrates the ability of

1 to neter the rel ease of

I ncr eaved/wosMiT’I6? and
equi libriumrel ease between
properties.

By

and the frequency of the cycle

this heating nethod can provide a dnge of effluent release, as
shown. nt - was-—conducted as—shown—in able 1 with a3 156G NG
wire resistive hedN€igW PSf dnent . - oWEERR/ 103387 PCT/ US03/ 177 61SPePRHIE [1
Vei ght pdempei ght Dispspsingsng Chunge |Dilogialsi|ndsinahangtspemsingsl | Fi facle
(E)Jl 38823 ngS @kl B +H(pgh (A (@ () (@ (9) (g mnms)uté%) Iﬂﬁnﬁ& Jg
: 1470901 147089 T 0. 70 0894140892 10 15
20.00 0 nnd; 14} 0887 iﬁﬁﬁ QQ‘*K&P 4¥»9§&,n%€ﬁ8ﬁgxan 1 llnsm') 14.08 79 10 1
190 81. 82 (130009:) 14. 0209014.00069201114.0894q 140892 | 0. 0010 14, 08531 14. 0§41
10 1 280 0.002 4. 510. 0. 00510 14.0731
1. 0700[-207% 275 530-8 W? 0g Zb 82@%8 : gﬁzgé@% ) 129084538 (i'L} 01660
14,0098 1313902 13 1 4000d0d.4W940.[0d498824. bH8874 3. 8940 11 1| currbnt frlom
wal | poper 1¢@s ppssed gmmgugm(ym@@m q¢0ﬁq3 opeomgmute apd 5 thhen tyrned
of f. The—anperesrwere—gontriotted bu tS rm-enperat-ure
210 1580070 55120 T4 0835 | TF o3t 10 1
230 200.00 | 0.00200 | 14.0830 | 14.0810 10 1
250 510.00 | 0.00510 | 14.0751 | 14.0700 10 1
270 680.00 | 0.00680 | 14.0303 | 14.0235 10 1
290 815.38 | 0.01060 | 14.0098 | 13.9992 13 1
310 800.00 | 0.00880 | 13.9033 | 13.8945 11 1
Current from wall power was passed through the wire for one minute and
5 then turned off. The amperes were controlled such that the maximum temperature
achieved was that shown. Increasing the current increased the temperature and
subsequently increased the weight loss per cycle. Ten to thirteen cycles were
performed to obtain the average weight loss. The inflection in the profile indicates
that there are temperatures that volatilize fragrance at a rate faster than fragrance
10  can feed the heat zone during the on-cycle for volatilization. As a result, the weight
loss per dispensing begins to fall with greater temperatures until a plateau occurs.
During the off-cycle there is time for the emanator to recharge for another heat
cycle.
Fig. 7 is an example of the control of an insecticide by a similar
15 experimental protocol as that described for Fig. 6. This experiment was conducted

as shown in Table 2 also with a 15G NiCr wire resistive heating element.
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achi eved was that shown.

and

| ncreasi ng the current
subsequent |y increased the wei ght
cycl es wewe o3pes3Borned to obtain the average wei ght
the profile indicates

Ten to

thirteen

I ncreased the tenperature
| oss per cycle.
| oss. PUOTaSosfit7eTti on in
that there are tenperatures that volatilize

fragrance at a rate faster than fragrance 10 can feed the heat zone during

the on-cycle for volatilization. ASTABIgSDIt, the weight |[|oss per
di spensing begins to fall with greater tenperatures until a plateau occuyrs.
During the of f-cycWeighteee |is tine fWeighte emanator to rec har |g®ispensingt|her
heat cyclPempi 9} DispenisitigseX@hahge of Initéalc dntFiahl of Dispensigst i ci dycky a
simlar l@;g&@§r nen protoc as tﬂg& dgscrighed| (& mitfles)6] Tlmtn)
experimnﬂ%iﬁb AeEe S R bl —wkfﬁ—z—%ge ' |
resistiye P'] tinh el pmnzflg -?p' $r@%§' N3/ 1 -; v TAR":EAAeLght
per Wi ght 1B0spehsi ng  Té8p D@éHEﬁS|n8§0¢ﬁlnd%09%11ial ¢ nal |Di spehsi ngs
Cycle #+/-200(F)|(g) (43.48d) O017or Bi&6Res)8.894N)] 100923. 18 |0. 000b 8. 8945
8.8940 I57750 150 7. 584§340050D(387F 9.00901 669972 P00 182 48 0, 001718. 8992
8. 8945 92—%4250 38 1 : Wm—r&g—r S
8. 9905 300323 lg46 ‘4 O'Qtt l 4o > 400—195- gﬂ uugjl°b°.&’t ;SO
8. 9642 %1 B30450| 231 4$4F“P Hqé g@g 344 &840 | 500 882 g5l 0 04b4 8 940
8.8506 123400 55p 90. 525@.60067) @5§3798§.8991 2 89642 | The $hsectiici deb shoved
asimlar d30e || mtiR3l1B&Haviod]18s| t BA64Ri[t h8.D624 1 anceS1 wi t h| i ncrkasi ng
tenperafuregoo> F| - B3FZRBESENI(3a D1 8@oU)Gacy 8saanpl € 1aBere fhe spne
| ocal i zpo—hggtin 90.54 | 0.0067| 8.9379| 8.9312 74 I
The insecticides showed a similar rate limiting behavior as that with
fragrances with increasing temperature.
5 Fig. 8 represents a bioefficacy example where the same localized heating
and cyclic control device used as in Fig. 7. Figure 8 represents the adjustable
performance of localized and cyclic heating against experimental controls and
marketed products. Data was gathered by preparing 6.12 m? enclosed chamber
with ventilation control. The chamber was cleaned with soap and water for any
10  residual insecticide from previous tests and ventilation stopped. 100 female Aedes
Aegypti mosquitoes were released in the chamber and observed for the number of
mosquitoes that fell unresponsive over the course of time. Figure 8 indicates that
no mosquitoes were lost during the control experiment. The performance standard
for mosquito kill or knockdown is that of the pre-burned coil. This occurs by
15 burning a standard coil treated with an insecticide solution. Upon burning the
insecticide is released and fills the chamber. A sample of 100 mosquitoes is
released in this treated chamber and observed for knockdown over time. It is
observed that 90% of the insects are killed with about three minutes of exposure
and the remainder within the next few minutes. The “45-Night” designation
20 represents a currently marketed product in a common form, which provides
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and cyclic control device used as in Fig. 7. Figure 8 represents the

adj ustabl e performance of |ocalized and cyclic heating agai nst

experi merwelo3aessT ol s and narketed products. Data was gatlaresds/bye?
preparing 6.12 n2 encl osed chanber wth ventilation control. The chanber
was cleaned with soap and water for any 10 residual insecticide from

pr evi ous nightfime Prote¢aoh fbed 3 aiphsd. oppbits and04ll feamnaihin imeegitpthiis
mosqui t oes were rel eased in the chanber and observed for the nunber of
nmosqui t oexampletthe ehambarsewprerprecpared e contiel standasds, dhe masguitegsggleased

i ndi cat es at . no nosquj toes were | ost ring the control erj.nent. The
ot oo end M b8 e drenfhle e dutT reBaked by e varBukdEuees or rethods e

-b f ' ' TP ted with
Preeoti cEapéfbats bR vtk (brb Y f3nfand BOMR'BuSiRp inddof 56 € 4 1 21

t he chankfibekddvaanPhe 4ani%lﬁq)rﬁﬂ§@tl$hb%& aitsvelvemtmnedag o fifst effidgaeqt ed
chamber and observed for knockdown over tine. It is observed that 90% of

t he i nsedhe caildramia edd wtarhshoyoed a séveaaninuteitagsvish stegpersefifect agaist the

i nd ithin t t f inutes.. The "45-Ni ght" desi gnati.on 20
Fpr ecentloSaunrs T eRessdt ¢ ealitrc ndos e AR P SRPVAAREHT by des
-31 WO ' ' i 45 i ghts. |
Chi's andoSPpeisd, Mt Atahé (pehte i nBE eSO huabn ) I e e "

pr epar ed fileguémdit totavetveiy #stl Swo inliutdeet A steep bifhdacyasidpd feruthe
i nsecticide product released by the various devices or nmethods. These

expell menasoneaninitéal sphee treainzent pod theraean breadjusied dovislowgr onget@é BeNen nsect

5 knockdown. The 4 i ght _product, showed a twel ve m nute | to first
of f1 cacy MiMtyies and sRalowes sIOR WG BAY TeRrsHY mamalangs freallenty wit

st eeper i I P esents the |ocalized and
cyclic hgéjtugfriﬁ%rﬁgglé%@&gé?ﬁaéc@%ghgﬁégalod;gﬁg?xg{f ‘with adjustable
t enper at ure nggBlet3gieowPhn impBriswtrAlditshal adacluéioAdHRAcistekampleisthey fast

two minute onset and steep bioefficacy sl o(gg for such 10 reasons as initial
space tr ebsergatiomtiat thecimsecticvideactijensaenotidastreyethby thamindensive leakized ni nut es

20 ULt meheating: o HaF been Shoate (048 (hq SRR LA F EPRERCBA: REPES 3 shows an
| nport an{he%g&%ctaillgrnn%ledgg ?&J MR RAohhOBuch the r5AER Valded HaV¥€ been shown
experimentally and correspond to the performance of this technology. This
indicating that there is limited destruction of the chemical entity through localized

cyclic heating.

20
TABLE 3
Active Delivered:
Wt. Of Formula Used (g) Theoretical Air Concentration
Test 1 Test 2 Test 1 Test 2
Before 10.3947 10.3938 Volume 420 6120
: L)
After 10.3938 10.3917 ug Al 27 63
Total used 0.0009 0.0021 ug/L 0.0643 0.0103

ug Al used 27 63
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observation that the insecticide active was not destroyed by the intensive
| ocalized 15 heating. It has been shown that the anount of active rel eased

is that

VIND®B/103381 heoretical | y needed for knockdown. Suchpcimaso®iizenl

val ues have been shown experinentally and correspond to the performance of
this technology. This indicating that there is limted destruction of the

chem cal

T84ttl-ty through localized cyclic heating. 20 TABLE 3 Active

Delivered: W. O Theoretical Air Concentration Test 1
Test 2 Test 1 Testggizggf%kgi? }3@%} 10. 3938 Vol ume 420 6120 (L) After

10. 3938

ug Al used 27 63 - BormiapRaidSiectrip

chantfer .

10. 3917 ug tal. g%ed 0. 0009 0.0021 ug/L 0.0643 0.0103
N3/ 17767 Test 1: Test: 0.42 MB

| nsect: A. aegypti3%HeBhull % BRI, §684 bsopar & 45 night 5 3% EBT, 1%

BHT, 96% | sopar V Heett eycleytivhe 1i03eminl: 03 min. Di spensing Tenp. Tinme KD KD

No. (C)

(Mn) (#) Total No. (% 11161090 21192090 3 121 30 9

0 4118 419 11

Dispensing Temp. Time KD KD
No. © (Min) #) Total No. (%)
1 116 1 0 9 0
2 119 2 0 9 0
3 121 3 0 9 0
4 118 4 1 9 11
5 120 5 1 9 11
6 115 6 1 9 11
7 116 7 3 9 33
8 116 8 7 9 78
9 118 9 8 9 89
10 119 10 8 9 89
11 119 11 8 9 89
12 120 12 9 9 100

10

15

Similarly, by the use of fragrance and human panelist trained in fragrance
hedonics, it has been qualitatively shown that the quality of a fragrance is also not
degraded with localized cyclic heating. The burst of high temperature heating
preferentially facilitates volatilization rather than degradation.

Fig. 9 and Table 4 illustrate the favorable particle sizes created by the

operation of the localized and cyclic heating of heater 1.

TABLE 4
10 20 30 40 50
0.3 um Profile 69269.38 26828 17878.5 15459.63 14119
0.5 um Profile 57631.25 18322.38 10794.13 8980.25 7921

0.7 um Profile =~ 47058.5 10181.75 5176.75 4096.875 3425.875
1 um Profile 39238 6952.125 3285.375 2535.125 2073.75

5 um Profile  730.625 21.5 12.375 10.625 9.75
10 um Profile 5 0.25 0.25 0.25 0.25

-33 -



5120519 11 6 115619 11 7 116 7 3 9 33 8 116 8 7 9 78 9 118 9 8 9
89 10 119 10 8 9 89 11 119 11 .8 9 89 12 120 12 9 9 100 10 Simlarly, by
t he use oWvofis/aggssnce and human panelist trained in fragraRceushetaei cs, it
has been qualitatively shown that the quality of a fragrance is al so not
degraded with | ocalized cyclic heating. The burst of high tenperature

heating prefghemdchhhién GCmbldcalfs otftliRatioh 2alidetectidhdpattiass fealtadat i on.
Fig. 9 and Table 4 illustrate the favorable particle sizes created by the

15 oper afaromthefcanidendationl dfzkel vapet witbini the vicinitn 9f the ¢manasor.1ThadazeE 4 10 20
30 40 50 0.3 um Profi Ig 632%9. 38 26828 17878.5 154?19. 63 1411 0.5 um
Profile #rbenersy (netaned hgat) of these pagiipies Sgmpgsiant | taClRAsE genqepsation;g. 5

2535, 12509050 Pty i o o Bip PSR AR SicRPaRg sk o1, 1
Profid e %&?&%Pa.zﬁ?%e%vﬁgﬁclg§ of 2 -@um%%rﬂeit@ggﬁ? 286V Y9 ih I d8metthe

mechani sm o ecu atilization an on of particles results

f or m t heoemivte aradffsutedby ighavitveqat will £l outt dfsusperision in the diheeaeteat or. The
size and energy (retained heat) of these E)arti cles is inportant in their
post conelanator.oBecalsefithe lackftlpf |the patigtesare npbablede geifkiorlowierf r om | ack

AR N PN ORI T T S
wi LT al fo ottt iS HaPRat sirtade e @blr PSiRmeldtqhe larger particles, which
10  limits the amount of surface available for volatilizations. Just the opposite is
available from the localize cyclic heating method of the present invention. These
particles have reduced diameter below 1 um, which are too small to settle out from
gravitational forces, are too small to deposit in human respiratory system, and have
large surface to volume ratios such that revolatilization is quickly promoted. The
15  particles from the localized cyclic heat source of heater 1 efficiently disperse and
remain dispersed in air.
Fig. 10 and Table 5 demonstrate the variable temperatures that are

achievable with a single thin film oxide heater with variable current input.

20 TABLE 5
0.5 1 1.5 2

Amp Temp(F) Temp(F) Temp (F) Temp (F)

03 119.72 103.30 85.66 63.14

0.35 130.19 111.89 92.43 69.01

0.4 126.72 106.92 89.96 67.46

0.45 0.45 0.45 0.45 0.45

0.5 0.50 0.50 0.50 0.50

0.55 120.75 106.80 88.93 65.50

0.6 128.90 111.11 91.01 67.34

This example illustrates one composition with surface temperatures can vary

over broad ranges. It also represents that final temperatures are largely achieved
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emanat or. Because of the lack of loft the particles are not able to drift
to lower concentrated areas where they can revaporize. Contributing to the
di fficul tyotos/10338vol atilize is the reduced surface area p@cTasosimegedf the

| arger particles, which 10 limts the anmount of surface avail able for

vol atilizations. Just the opposite is available fromthe |ocalize cyclic
heati ng wathiyp ctheofirst helfgeesiehdf duncantapplicatione SEherpd liitlel tempeatare educed

di ameter below 1 gm which are too snmall to settle out from gravitationa
forces, ehangedietween bne-batfsgeend andtwie segondss dihisexangple wondipms vl have

| arge surface to volune r.ati os. such that, revolatilization is quickly

pr onot ed?ap’r‘i Bei@’ﬁ)gli‘alrﬁﬁt?@ét“fsr(&;rﬁ? ﬁléml fgeb’fl?a?&% %%llef’ﬁwﬁb}ﬂ a@ggﬂggteof heat er

1 effici i : B0yl I i g Fig. 10 and Table 5
dennnstr§?§k¥ﬁghégﬁ?gﬁvgﬁgéﬁ%erafg?ggipﬁéﬁﬁg?gnmggﬁfevable with a single
thin filmoxide heater with variable current input. 20 TABLE 5 0.5 1 1.5 2
Anp Tenp (F) Tenp (F) Tenp (F) Tenmp (F) 0.3 119.72 103-30 85.66 63.14 0.35
130.19 111.89 92.43 69.01 0.4 126.72 106.92 89.96 67.46 0.45 0.45 0.45
0.45 0.45 0.5 0.50 0.50 0.50 0.50 0.55 120.75 106.80 88.93 65.50 0.6
128.90 111.11 91.01 67.34 This exanple illustrates one conposition with
surface tenperatures can vary over broad ranges. It also represents that
final tenperatures are largely achieved -34 WO 03/103387 PCT/ US03/ 17767
within the first half second of current application. There is little
tenperature change between one-half second and two seconds. This exanple
confirnms the rapid heating characteristics of the thin filmheating

el enent within appropriate ranges for use within the fields described by
this application.

-35-



-35 WD 03/103387 PCT/US03/17767 CLAIMS | claim 1. A portable apparatus
for dispersing a volatile active into air, conprising: a base; a reservoir
cont ai ni ngoa3aa3spwsiti on having a volatile active; 5 a hacdarsos/or7énount i ng
said reservoir to said base; a wick having an enmanating surface and

communi cating wwth said conposition for delivering said conposition to
said emanating surface; a heating el el@WAIMS contact with said emanating
surface; and a source of power comunicating with said heating elenent to
heat said 10lkbaming el enent and vaporize said volatile active. 2. The
appar at us of cil aim3l wherein said voéiati | e acti%tgl is.selected from the
group consistilng of* Beftable apparas £py dispersing 3 yplatle Ll Intg afest j ci de, an
anti sept E8m ?isinf ungicide, a plant growth regulator, a herbicide, an air
freshener, R pergf unme, a deodorant, a nedicanent, and m xtures thereof. 3.
The apparat usa®asgl ai m 1 wherein said volatile active is an insect
repellant. 4. The apparatus of claim 3 wherein said insect repellant is

sel ect ed froma redeevair cotainoms & sompgsition havingra volatilegietiye:ant heni ¢ aci d
derivatives, pyrethroids, and 31 Xt ures theﬁs of . 5. The apparatus of claim
4 whetein sai @ holdeg for mapaiing saidireservely a:3a1d BAS§> and is sel ected fromthe

Sa /] . ' . . s bi oal | athri .
arpentnrin,  peaneErafing il dEtobid cotlhBalcaBhg it siig 0% 1!
The appatginpdsifibn ThPdeNverinBSaRI coripositioneanid epedtiYurfaed- al | yl - 2-

met hyl cycl opent a- 2- ene-4-one. 7. e apparatus of claim3 wherein said
i nsect repel | aieating dletnedt gt ényrtactiveitlasaid eomnateg surface; and
a source of power communicating with said heating element to heat said
10  heating element and vaporize said volatile active.
2. The apparatus of claim 1 wherein said volatile active is selected from
the group consisting of an insect repellant, an insecticide, a pesticide, an antiseptic, a

fungicide, a plant growth regulator, a herbicide, an air freshener, a perfume, a

deodorant, a medicament, and mixtures thereof.

3. The apparatus of claim 1 wherein said volatile active is an insect
repellant.
4. The apparatus of claim 3 wherein said insect repellant is selected from

the group consisting of pyrethrins, chrysanthemic acid derivatives, pyrethroids, and
mixtures thereof.

5. The apparatus of claim 4 wherein said insect repellant is a pyrethroid
and is selected from the group consisting of allethrin, d-allethrin, bioallethrin, S-
bioallethrin, empenthrin, prallethrin, and transfluthrin, and combinations thereof.

6. The apparatus of claim 3 wherein said insect repellant is 3-allyl-2-
methylcyclopenta-2-ene-4-one.

7. The apparatus of claim 3 wherein said insect repellant is N,N-diethyl

meta-toluamide.
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-36 WO 03/103387 PCT/US03/17767 8. The apparatus of claim1 wherein said
hol der provides a renovable nounting for said reservoir. 9. The apparatus
of clai m@ow3ans8n said reservoir and wick are integral warfuseaetvedt her to

provi de renovabl e and repl aceable refill assenbly. 10. The apparatus of
claim9 wherein said refill assenbly further includes said heating
el ement. 11. ¥he aflhanpparatsfofelamn &hetedn said hodded provides a pmovabds a

snap-fit mounting for said refill assenbly. 12. The apparatus of claim1l
wher ei n Bwuatingder said esapwied of a material  selected fromthe group

consi sting of \natural materials, .fibers, .nonwovens.. sinter.ed .pol rs,
ceramcs, met8l fo[arﬁg aan%faéisg@al%*?“‘%ﬁ@%Bﬁﬁ?‘éﬁeﬂ%‘”&?ﬂ@w‘ﬁw lﬁﬁ?&fﬂ?n sai d
heati ng gl ' rQs kSihi [ I 14. The apparat us
of el ot V15T otferd pROyAGL Kok Al Sl o o Al < cel ot od
from the group0conShetappgranis of cldimed whetdin saitlirtfill asstnibly fintherfintlondes 15. The

apparatus of claim 13 wherein said electro-resistive heating elenent is a
wi re conpiiddgating plesrenbme. 16. The apparatus of clai m 13 wherein said

el ectro-resistive atin el nt 4s,a thin.fi (of0) sed of fjn oxide.
17. The appar i{hus Hﬁeépﬁﬂm”‘f %‘& $1W§1§¥ednéﬂﬂﬁ’6’i‘§%ip59rl%ﬁ S?ﬁnatpﬁé{form of a
l'iquid, ' $5M 1 ' E _at anbient conditions. 18. The apparatus
of claim u%nﬁlrlgher ﬁlﬁg%fgg?%gmgglspri ng providing a force to mintain said
heating el emen?, i nTheappatatusiofitldm Hwhersiataidoviekid emnaposkd. of Bhmatepiphr at us
of claim 18 wherein said wick includes a relatively flat tip end defining
sai d enmselestad froum thecgronp gonsistinghebnatvrgl alaterials, fihehs aenwoxensd smteredt i p

end. 20. Tg,?nagrparatus of, cl.aim 18 erein said w ck includes opposite ends

and at | BQYM epegﬁ“B@S’s’E}F?aig@%se %% ai d opposite ends defining said

emanat i ng 13.  The apparatus of claim 1 wherein said heating element is an electro-
resistive heating element.

14.  The apparatus of claim 13 wherein said electro-resistive heating
element is selected from the group consisting of a wire, a thin film and a thick film.

15.  The apparatus of claim 13 wherein said electro-resistive heating
element is a wire composed of nichrome.

16.  The apparatus of claim 13 wherein said electro-resistive heating
element is a thin film composed of tin oxide.

17.  The apparatus of claim 1 wherein said composition is in the form of a
liquid, solid, semi-solid or gel at ambient conditions.

18.  The apparatus of claim 1 further including a spring providing a force to
maintain said heating element in contact with said emanating surface.

19.  The apparatus of claim 18 wherein said wick includes a relatively flat
tip end defining said emanating surface and said heating element contacts said flat tip
end.

20.  The apparatus of claim 18 wherein said wick includes opposite ends
and at least one side surface between said opposite ends defining said emanating

surface and said heating element contacts said side surface.
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surface and said heating elenent contacts said side surface. -37 WD

03/ 103387 PCT/US03/ 17767 21. A portable apparatus for dispersing a

vol ati | e wotoBae338nto air, conprising: a base; a reservoi PCEaIsvaiTbNg a
conposition having a volatile active; 5 a holder for nounting said
reservoir to said base; a wi ck having an emanating surface and

comuni cati Nga W t hASFIrthbleapaeaus FRidpersilg hivotitilo gt ite gigposi tion to
said emanating surface; a wire heating elenent in contact with said
enmanat i ngpmprifiage; a spring providing a force to maintain said wire heating
element in confact 10 with said emanating surface; and a source of power
comuni cat i ng2¥AYH said heating el enent to heat said heating el enent and
vapori ze said l.at i AN t -al.m 21 wherein said
vol atile acti¥ &'leg;ds&efoer@%gglgfe g %cr%n?\p ??E{e}&é?gﬁg‘@%o@?@% ?gﬂé@édf an insect

repeld ant, ana hoRRE ForGhoentirk 266 ésevilis todaidbdseseptic, a fungicide, a
plant growth regulator, a herbicide, an air freshener, a perfume, a

deodor ant, a amdckhawing an@mhnating suefacet dnsk copimua@atimpwithoyaéd at us of cl ai m
21 wherein sai,d vaolatile active is an.insect, repellant. 24. The apparatus

of cl ai nf@BPOFibeRfor delivaring saidicomgnsitionp spul ep &SI t he group

consi sting of | 1 d i i . pyrethroids, and
m Xt ures t_her%%%{ fe%'_ﬁhg%%eng%{gér? g%@%ﬁ%?g@%ﬂ%ﬁ{a&ﬁg%{éﬁ&g aid insect

repel lant is @sﬁdﬁ%bfm@diﬁg adfoftel to mdheet sald Wit hddiag@lanentdaedhtict ng of
allethrin, d-allethrin, broallethrin, S bioallethrin, enpenthrin,

pr al 10et hwith, sagheimanatingfdurfakej and and conbi nati ons thereof. 26. The appar at us

of claim 23 wherein said insect repellant i.g, 3-allyl-2- .
net hyl cycl opeﬁ@@urgcgiaowbﬁ@nmzwcamg V&‘gb%‘iﬁ‘ﬁ%ﬁ“&ﬁ éemnm@@e%ﬁ@fiei n said

Insect r ﬁga?{nlgae%mieﬁt ﬂ%\galp%h% Isaid volatile active.

22.  The apparatus of claim 21 wherein said volatile active is selected from

the group consisting of an insect repellant, an insecticide, a pesticide, an antiseptic, a
fungicide, a plant growth regulator, a herbicide, an air freshener, a perfume, a
deodorant, a medicament, and mixtures thereof.

23.  The apparatus of claim 21 wherein said volatile active is an insect
repellant.

24.  The apparatus of claim 23 wherein said insect repellant is selected
from the group consisting of pyrethrins, chrysanthemic acid derivatives, pyrethroids,
and mixtures thereof.

25.  The apparatus of claim 24 wherein said insect repellant is a pyrethroid
and is selected from the group consisting of allethrin, d-allethrin, bioallethrin, S-
bioallethrin, empenthrin, prallethrin, and transfluthrin, and combinations thereof.

26.  The apparatus of claim 23 wherein said insect repellant is 3-allyl-2-
methylcyclopenta-2-ene-4-one.

27.  The apparatus of claim 23 wherein said insect repellant is N,N-diethyl

meta-toluamide.
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met a-t ol uam de. -38 WO 03/ 103387 PCT/US03/ 17767 28. The apparatus of claim
21 wherein said hol der provides a renovable nounting for said reservoir.
29. The appasaeizs’ of claim 28 wherein said reservoir and RCTRSas/E76Nt egr al
wi th each other to provide renovabl e and repl aceable refill assenbly. 30.
The apparatus of claim29 wherein said refill assenbly further includes

sai d heating g emeThe apparaths of SRAAMAL Wherein s‘di@hmd%ﬁgww@ dreffdvdbliol der
provi des a snap-fit nounting for said refill assenbly. 32. The appar atus

of cl ai nm@aintihg fari saideeiservairck i s conposed of a material selected fromthe
group consi stjng of_ natur

al terials,, fibers, nonwovens, . sintered
pol ymers, cer#&h csTh?réPl%ﬂra%ggﬁlaéﬁégg‘Vg‘é@m spad reﬁﬁév%%éf‘é(f&arﬁfnt@%l m 21

wh [ ' | ' | | ' . 34. Th
appar at ubthieadh el SEbt RS B0 and EMTRRAEK ROUASHAT?. T TR i quia
solid, sem -sg.id Phe gfparafus dF6IadA29CQRE i ﬁﬂ&refﬁﬁassaﬁbgﬁﬁﬁﬂfeﬁﬁmﬂudés claim

21 wherein said wick includes a relatively flat tip end defining said
emanat i ngpid hedtageelamgntai d heating el enent contacts said flat tip end. 36.

The apparatus_of claim 21 wherejn sagid w ck includes opposite ends and at

| east one si dél-sur %éplk?é?%é’ﬁcbﬁpc?%o‘ﬁbﬁfﬂq %@ﬁa@ea@fq‘m)%ga %‘élpbt%erranati ng

surface @Bﬁgﬁgégo&%ﬂ}eﬁlfslsgﬁﬁg contacts said side surface. 37. A portable
olat

apparatu Spersing a“v ile active into air, conprising: a base; a
refill assenmbiy cOTREhfpdratus of BRENV WhERR SHid Wik & gdbfamateMaing a 5

vol atile active, a wick having an emanati ng surface and conmuni cating with
sai d cosgbexsed from fhergroep comsisting ofaiathrabmatesials, dibetso nemvdvensasiatared
surface, and a heating

polymers, ceramics, metal foams and glass.

33.  The apparatus of claim 21 wherein said wire heating element is
composed of nichrome.

34.  The apparatus of claim 21 wherein said composition is in the form of a
liquid, solid, semi-solid or gel at ambient conditions.

35.  The apparatus of claim 21 wherein said wick includes a relatively flat
tip end defining said emanating surface and said heating element contacts said flat tip
end.

36.  The apparatus of claim 21 wherein said wick includes opposite ends
and at least one side surface between said opposite ends defining said emanating
surface and said heating element contacts said side surface.

37. A portable apparatus for dispersing a volatile active into air,
comprising:

a base;

arefill assembly comprising a reservoir containing a composition having a

5 wvolatile active, a wick having an emanating surface and communicating with said
composition for delivering said composition to said emanating surface, and a heating

element in contact with said emanating surface;

a holder for removably mounting said refill assembly to said base;
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el ement in contact with said emanating surface; a holder for renovably
mounting said refill assenbly to said base; -39 WO 03/103387
PCT/ USO3/Woa8/403387 sour ce of power comruni cati ng with sai dPagatSosg77et enment
to heat said 10 heating el ement and vaporize said volatile active; a spring
providing a force to maintain said heating elenment in contact with said
emanating sur haogicedfpover camnnatiediing Wwith saidthebtisg elemenit¢d heat said d refil |l
assenbly, holder and spring, and including at |east one air inlet and one
ai r Hut | beatinghelementaridiyapesizasaid vadatipaetive;current of air fromsaid inlet
past said emanati.ng surface.to cause eﬁreﬁ] of. saiﬁd v?I.ati l.e active from
pr Sl

said air out| &SPriRgprayidingafores tomaint LR MRt ML CONEEHEER | ¢ active

is sel ecgﬁq efrﬁé?mm%@ﬁrtgéémp consi sting of an insect repellant, an
i nsecticide, a pesficide, an antiseptic, a fungicide, a plant growh

regul ator, a hebbercitthehalsle takaidfbass hesiloseaalerfefiliBserablydaolder and, a
medi cament, and m xtures thereof. 39. The apparatus of claim 37 wherein
sai d vol apting aadtihclading atheashere air inlepasnd ene air awtletTard appar at us of cl ai m 39

byt Lhr e, cAGREIRURIER 1 TO) R R P AP om NS HRCoRd SRS Ly oo

ther eof . sa Hic.oARPBNELLIGr Bl ShLE ARVERRIE LGSR lgisect Tepel lant is a

pyr et hr ol a I'S's romthe group consisting of allethrin,

d-allethrin, Bgoal MatRApparatuS-ofitlsia 3EWhetdin sfidRONthE aetivedisaklcetddrrom and
transfluthrin, and conbi nations thereof. 42. The apparatus of claim 39

wher ei n tha grobpseusistingef amimse¢tgepellant,yan-insectigidey & pysticide mnaniseptic, 4- one.
43. The aratus of claim 39 wherejin said insect repellant is N, N-diethyl
ot a- t ol (IS, HBIant ROV SEFUFIOE AReTBiCHaraR FInFRSPERST. S ZPEURY Ber provi des

a removafl gy, IR QfcdiintS M nd Safds tRreof.

39.  The apparatus of claim 37 wherein said volatile active is an insect
repellant.

40.  The apparatus of claim 39 wherein said insect repellant is selected
from the group consisting of pyrethrins, chrysanthemic acid derivatives, pyrethroids,
and mixtures thereof.

41.  The apparatus of claim 40 wherein said insect repellant is a pyrethroid
and is selected from the group consisting of allethrin, d-allethrin, bioallethrin, S-
bioallethrin, empenthrin, prallethrin, and transfluthrin, and combinations thereof.

42.  The apparatus of claim 39 wherein said insect repellant is 3-allyl-2-
methylcyclopenta-2-ene-4-one.

43.  The apparatus of claim 39 wherein said insect repellant is N,N-diethyl
meta-toluamide.

44.  The apparatus of claim 37 wherein said holder provides a removable
mounting for said reservoir.

45.  The apparatus of claim 44 wherein said holder provides a snap-fit

mounting for said refill assembly.
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45. The apparatus of claim44 wherein said hol der provides a snap-fit
mounting for said refill assenbly. -40 WO 03/103387 PCT/ US03/ 17767 46. The
appar at uswofo3abmssm 37 wherein said wick is conposed of a matrarSoah77sel ect ed
fromthe group consisting of natural materials, fibers, nonwovens, sintered
pol ymers, ceramcs, netal foans and gl ass. 47. The apparatus of claim 37

wherein said heati Theabpamnis dfsldim 37 aberein saidsviskiiyv eompededndf aanateeial . 48.
The apparatus of claim47 wherein said electro-resistive heating el enent

i s sel ecseldcted dram Hee grovpgoosisiing of majurel mateuials fibers, monwovens, sidergd: hi ck
film 49. The a%?arat us of .claimd47 wherein said electro-resistive heating

el enent Pel_yglw,r UBHHoLE lgﬁ?a’ﬂ?mg > 50. The apparatus of claim 47
wherein said ghect ﬁ‘ﬁéragﬁéﬁws\’(ﬁ' LS 37‘9/51.?Féfiﬁgﬁﬁthehﬁn Fflﬁ,g{le?ltié [eQFposed of

tin oxide. 51. The apparatus of clalm urther 1n ng a battery

housi ng revitivedatiflg eRintkripase, and wherein said source of power conprises
at least one Dbattery receivable in said battery housing for powering said
heating el emed8. andhefapparags. of Tlaimadpwharain saifl eiﬂcéﬂq-mesrstlmhcatmg i ncl udi ng

o SRS BT R PP IR R S R RSB
eoulaon reage ! LU e DL BERIER S RER R eI, 21,

heat er ekRfgMt is HAircldtenpusedofhithréhec! ai m 52 wherein said air regul ation

means conprises a passageway forned adjacent to said heater el enent and

communi cat i ng50i t h Thaiagparatus off dainafd vehereinataid elgctretresistive heasingh whi ch

said air _current sai d passage conmuni cating with said heater
bk,

m)VﬁS,
el enent F@Wﬁ‘é\kﬁgt}g&‘_t INIECQUHBOY d heater elenent into said
passageway assgal d"[‘%'erap%ﬁ?s of 1943 §7qﬁﬁhéﬂﬁﬁﬂdﬁhg a battery housing

mounted on said base, and wherein said source of power comprises at least one
battery receivable in said battery housing for powering said heating element and
fan.

52.  The apparatus of claim 37 further including air regulation means for
minimizing the velocity of said air current across said heater element.

53.  The apparatus of claim 52 wherein said air regulation means includes
a baffle disposed between said fan and said heater element to prevent direct contact
of said air current with said heater element.

54.  The apparatus of claim 52 wherein said air regulation means
comprises a passageway formed adjacent to said heater element and
communicating with said air inlet and said air outlet and through which said air
current moves, said passageway communicating with said heater element to draw

5 active vaporized by said heater element into said passageway as said air moves
downstream therein.

55.  The apparatus of claim 52 wherein said air regulation means
comprises a passageway formed downstream of said fan through which said air

current moves and having a first cross sectional area, and a chamber downstream of
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55. The apparatus of claim52 wherein said air regulation means conprises
a passageway forned downstream of said fan through which said air current
noves andwbamiiogysa first cross sectional area, and a chaniremr/ubosmssT eam of
-41 WO 03/103387 PCT/US03/ 17767 said passageway through which said air
current noves and having a second cross 5 sectional area, said second cross
sect i onakaidrssdpeiwvag thfce@hevhichaaidadt duireritsthoe¢ésoarl hadng ageadbndem®ss t 0

t hereby reduce the velocity of said air current through said chanber, and
sai d heasestiopabarsat said seandoeress sestionalaren heipgrgreatsr thensaihfitat &1ess of cl ai m

it ai secHloBRl BreadatGrrPeY reduca ae velostty oF saarmer i BRtRIgBRad ol S0
further | ' Fal ] i e i t id t
wi ek por FRERBES, A i e e i S B el e appar at Us of

cl ai m 37 wherggn sdhd apparabss off clgignBy funikéridermdirgd #abnasmovablecui try
providing pul sed heating of said heating elenment. -42
permanent wick portion engageable with said wick of said refill assembly.

57.  The apparatus of claim 56 further including a fluid coupling medium
disposed between said permanent wick portion and said wick of said refill
assembly.

58.  The apparatus of claim 37 wherein said source of power includes

electronic circuitry providing pulsed heating of said heating element.
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