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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 acsthetics 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 higher 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
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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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15 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 ¢lectrical cycles, and impart less thermal

damage to the effluent. The heater is a component of technology that can be
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15 and minimizing the size of the heater to only the very small area needed to achieve
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

usage.



This invention al so provides the advantage of using |ocalized and pul sed
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kcal /nol e for the shaort pulse cycles. However, by constant heating it is

jt ust @ f eviempetature sad sreleean giesay nhab%ccslééaﬁfs %Lkglths &oward melsewan equi val ent
o those needed.. f ok, de C n S y is
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contributes to accel erating degradation kinetics. -5 4 DEC 2006 WO
03/ 103387 HOkcaBowla bowystrength. With an average bond strength being about 80

kcal/mole, these bonds would be supplied with sufficient energy for degradation at

(4

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 (Q2), 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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These undesirable results can be substantially mnimzed or elimnated by
the conbined effect of both cyclic and | ocalized heating. Locali zgg G§®E| ng
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the rate of vaporization and vapor pressure. By recognizing that

vapor i #ht i 19ong and eontinious bighsr ?neaademtlr%n@t&agﬁs%maum@féggs of vapori zi ng
of the |iqgmi ] ' I r{k | | st
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transfer odistagéds fidinhke Kedterd UNtiksé@bshdieisadaideqibspibReeflaent. degtiriation mechani sm
of 25 vaporization can increase energy efficiency of the system Subnerging
a heater angkiprressq efflugus siabilith ovenimgy transfer, but the energy within the

liquidis subgﬁﬂue tly dissipated, Af. the Liquid i.nterface I gh _ener gy
nol ecul es are a 8%8‘8“ 1 gpége a‘lﬁ’éﬁa;loc&ﬁlfzef‘ﬂ%hfgﬂ]g?%r’dPgﬁh%‘é(gmio@egﬁggsurface
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transfer their energy by collision to other -6 4 C 2006 WO 03/103387

PCT/ US03/ ltéipperature 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 wvaporization 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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nol ecul es before escaping, resulting in bulk liquid heating. At tenperatures
bel ow boiling where vapors do not accumnul ate into bubbl es that canpper aect
the vapor and rise quickly to the surface, many hi gh energy nDIecuPes 0
not reach tgoshidce to escape, thus lowering the efficiy
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vapori zati As a result, aoptinmal _evagparation occur. regard| ess of the
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Thi | e! R ="gas _
e SR ARV BT L 0.

co nst ans dppositt erpstirficel) i€ sfdh) co:ﬂittbrﬁ:xastgmndt\ﬁﬁéh w@mld)@reﬁellsng&k otted agai nst

|/T and shows -7 4 DEC 2006 WD 03/ 103387 PCTI US03/ 17767 . _
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

-7-



I ncreasi ng vapor pressure with increasing tenperature between a condensed
phase and a vapor phase. The input of |ow heat for |onger cyclj,QF_E:ldﬂﬂétion
or the input of high heat for short duration and frequency of these cycles
each achi ey §ifgsdgar anounts of vaporized |iquid. Localigegys@w,fgss
heaters allow for rapid heating to 5 tenperatures, preferably near, but

bel ow boiling points. This is not a necessity as multiconponent m xtures
for many SabdbiiARSapihrEsERe GARRhEadt lotipRParhitiberk bl EdftnSed plasOns Wi ||
have wi de ranges~in I'rng points o e‘constituents. It Is "nore

i mport ant dndat vapor phase. Ehetinpgt afildwtheenfor dmigen gydicoduratdmrc orr the giut pf onot es
uni form evaporation of all .co ents thrqugh a rapid or, flash-like

vapori zat i [3gh i‘i"ﬁ f%?@"ﬁ&‘gﬁﬁﬂ? gﬁ? BFB\W“&@@W’&SC Féﬁf’%g@g‘e@&{”ﬁé(ﬁls‘%ﬂara space
while pre ' t A lel J 1oy : ol ution.
Lower terrpségl?%'%ﬂt}?gfs@r?g‘i g{l]gﬁgfgr' q‘édrfqp% me 3{/@%%?%%?\5 %ll&ggééljd{a p@a"@hﬁ%&"z initial
treat mént temperitints prefecabdy ntdrebutirior boitingpeimpaThis iPubt 4 hesesdityeas
application becomes nore rem_niscent of current systens that suffer from
ext ended HeBlticagpopent;mixgires foriragnyt yohutiong and evemeamplex msixtiwes ®¥ed by rapi d
heating a hen, | . wi-th_| . fir en Thys ntinui,ng to

o oser ve AP so i if bl Wil rogEs in A Bt U cof@leL R | (e
nagni t ude @Bk igiportahOMald rdpi€ hbftiilg 4hd (RALdlinatybRIRut 1hat prdvfotéyer timnme, or
quantity per cycle vaporizéd using localized cyclic heating. Typically, the
addi ti on o#nifozoxeviaponation of eHicompenents throughoarapid pr Bash-like vaporizatio® cr eat es
rapi d heat.f.or flash-1ike evaporation i so limts the.flow or flux of
noat iy o preepEmiREoTIdSy REgnRE u¥heny o) g shths We Srssrainaan, o -
KACMIT MK) |, copagriteatidnandSabdlebulasschbility &f the SORIiOR! Lofer ithideratidesahdt he
material, A = wunit area of transfér, (MI/M) = the terperature gradient.
Ther mal cdongertdnvtime eycles arBb8 usedito4chiald {mtia )t(eaatrAdt@romgdinfenandei afithe

473 . 107 SHpRT Gy PAcee DY 1850 R PPIHIPTORAESES MG SRISCCULRIKUERES ( G a1 or
.3 x 1 PP f Cin ) (Ol o
il at s veYoart et ftef Bof Cghadd)alig” T3 pro AR Sallerbe B o7 From

noncontsactachised H9 Higid hedding Andithen CoolRY) buhwithnyss feguehoat Tlas. Thi s
i nvention takes advantage of reduced heat transfer by rapid -g 4 DEC 2006
VO 03/ 10338ntipgngtspsyservesplution concentration 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/MXx), 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/em) for light hydrocarbon oils representative of
25 organic liquids, aqueous solutions of 4.3 x 10 cal (gm)/(sec)(cm?)(°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 ar¢ common in many

applications. This invention takes advantage of reduced heat transfer by rapid
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contact heating, limted cyclic timng, and use of inherent |ow thernmnal
conductivity of comon |ight hydrocarbon or aqueous sol utions of }@f4 2006
10-5 thermal conductivity to provide an optimal volitalizer of effluents
for air moqibisakisan With limted energy use and inprove

stability. 56I% addition, localized and pul sed heating crgg?g§&%ﬁ§7
opportunity for greater portability of a product enploying these

t echnol ogi Y ' el 3 ' ' specific
area. Thi s CaHRRUAE BT R ot SR vl imitcdte 10% it B6fadcfyfly DG
frequency eof cdramionighehydrioakibog ot dywevius gelutibnsaf B all0°phictamt t i es for
limting undesired thermal transfer. |t also suggests that the 10_8$0netric
size and sKepBicHvity feprevidesn opsiraali veligdizer ekeffluerts for aip medification avith

Anot her | egs..ohvi A ' ing is the specific

conpositi oﬁ,ﬁuggéafl?@rr'gg(%g,&t“ggg‘%‘)iegﬁ)%ﬁdo@?%gﬁ%g, di nrensi on, and design of the
heater §0 provi Hﬁddﬁt@ﬁg%lib@@hﬁmgulséﬁ RéaBiRg lcréatdsahié bppor@inity s greate@rent s
provi des for |ocalized heating. The snalléer dinension provides for greater

desi gn f| eppiabilityyof aprodpetcumployingshesh dechnelogiesb dosalizedzheating inphiest i on.
Sinplicity_of,the heater allows.for brgader ., use and egven Ltiple use

w hi 't he Bk et AR 8 RIS Ares, A broscenBPUshER Find Wene " as vl |
as effici eﬁiagﬁﬁw, duftiaR, aid ﬁ-@éde%cy@fﬁé‘a'%ﬁi%_ranﬁfl‘ﬂdﬁg adPifthde @ﬂnat’éﬁ%‘ al | ows
for conventioOnal or battery power Wth deSirable Dattery |ife and heater

per f or manc prapeetiecs foelimiting-undePired thegnalteansfent &ralsssugpestgitldt theo pernmitting

ext end 20 use of  batte power or efficient use of wall power, and safety
consi db0 at EeATaEtsE sizgandishipo! the heater chgﬁngwiw thoinfluencsof hedt dr awi ng

power. A fur i L ' | | G t hat enabl es
pr evi ousl y%nhpﬁ{?g(l:%?\égﬁog%g?ﬁ f@%{’ﬁgﬁasﬁzgﬁ m%ﬁqu?%g%lt%é%%ﬁﬁ%éé\%é&n'% heat ers

because of peffiemiatice spatial gositioniegydirensiomand desifn bfithelleatez to pRwidee anal og or
digital or the 25 heater nay even be renotely actuatable. This has not been

pr evi ous| yfeslised hestiag. Yepropsesddectionofithesk clemeanteproyides deplogalizgdness in
cooling an eat i th ul d. cause effluents.to emqanate simultaneously,
il ess dosPrAEE A smafler Simfion Ve fon e acs i FEPIEY BTBIABE R ¢ e
benefi s o{yhbeRCR)d BRUNREA doMbidBrhtidRABIMBIGHy he hedtet Afovd R bAAdRE | on of
mul tiple emanators. Such an enbodi ment creates products -9 4 DEC 2006 WO

03/ 103387 BET4nd3neh mmiéple 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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that deliver nultiple fragrances to overconme hunan adaptation, CDE §BB
mani fest by the inability to detect the presence of the fragranc Qez
time. Changing fragrances by pulsing different emanators fromtine to tine,
any adapt aty,§gs/1 mtigated as the physi ol ogical changes d with

t he environnent ﬂﬁssghange 5 are then detected. An extensi one?@g ]Iqﬁﬁlgpl
emanators could include also include a conbination of fragrances, odor

el i m nat or I erials,
ctc. Cont rapt QARGEmIGRE teEies |OSRELAAL Hian addfR, Wiloh HaREE

| ocal i zed ynthe ipabilipdtordetdoe the presdnte 9P diel fedgrameatvieptinieo Clamgiiganat or .
Preferably _ the heater is in close 10 proximty and even touching or nounted
to the surfragraness hypulsing different espanatoss frigm time to e, pRY adantstion igeonet rical | y

S 1 o 2 TRR B SbioBi AP s Aboeu B R, RRMoREEH] Rlnkerc” © °°

emanat & n@elthenh détédte@bAdrevtdigivh dffvalltipke dri@atoiddvatisdtide 4186 inchaeal | zat i on,
but such a close position to the release matrix also places the heater in 15

cl ose pr ox¢<m1blya1t1@1 oﬁ&aganm;emlor abimainaters, ifsectirepéllents, insecticidesoperti es of
many medi a &1 & Ea C, etc. it is advantageous to have the heater
I n contact etsh%"l ’feP& nf’tofamlltatethe nost efficient thermal
transfer and VQ')éHtfdl 'tc?ﬁfe'v%'[htllizﬁtloﬁQﬁ@&’?érg?ﬂsé’\éﬂibleh%%f tHc'”l%cile@H%hdbeCO”ES
nore supported or affixed to the matriXx becones re robust, and maintains
nor e consi pulesd heapetis its spatiak lovatign tothe feeapetoes Ptafenably te heater Bddicidsenal

advantgge of thjs ipnvention. s the use of. an heater to the effl uent
refil |1aUg hRroximity And, s¥enigp lﬁayr mayatsd e |ﬂeﬁﬁlr%59 gﬁ'ﬁﬂrﬁaﬂa&%‘er Resause

contai nin |t @&da I ng an
emanat i nggOfSattl}g ace dnﬂ}‘%g cé{l)\/gﬁ?ﬂhkggﬁt@é er 1?3 erf@r}}&?%self The
i ncor por at lafge @id professbly aroalldabeahsll P Thisicliese afsarcxdtfm is @as%,atf@mwmam

r obust ness su&lgested above with the heater. A heater affixed to a refill

provi des t a6t thatthic gmanatosmasrix will abearb hentrthat is then ynawailahledon i zati on of

f | d__| | f d fill
pur chace,  poriepian, B oot Bl (B AERTVSE Al Eollidcty BBk hoa e
or 1 otd | nclodyYebok iy RSN eEfldrt I iéciue bR EHUTRLuIAGR/ OB Ertics OFnialy rited o 1O
the effluent. -10 4 DEC 2006 WO 03/103387 P 03/ 17767

such as a1r 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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al so provides a proprietary interface between refill and the support system
to ensure that the safety, performance, specifically designed eff::Q{Egﬂﬁﬁ
and other factors are preserved by using appropriate refills. 5 Ié

DESCRI PTI ONy&b3/105ksDRAWNGS Fig. 1 is a perspective view QET%S%%.H zed
cyclic heater 1 n accordance with the present invention using N resistive
wre with nmultiple emanators; Fig. 2 is a perspective view of the heater in
Fig. 1 wtfsé ﬁﬁvfdk%%?pr@ﬁfiet@f&ﬁﬂﬁér%e beRveRA refll GRIMBRBpSrt isPstbiGoehfigdi try and
user interface; 10 Fig. 3 is a schematic illustration of electronic

ci rcui try thettheisafelys petforroande] specificallyddsignedeffluenisdand etherfactorsateocal i zed
heating of the Qr;}ejl)t i gl e emanators. Figs. 4a-4e schematically illustrate

vari ous r JUESEIYGLOYPSBERRREOBFARIER s "t 0 change the thernal characteristic
of the heater; Figs. 5a-5e schematically illustrate various thin film
resistive heater designs 15 to change the thermal characteristic of the
heater;5S Fig. 6 is a gr 3RIER DESCRAIPTHONtOE THE PRAWINGSabi | ity of the heater
with a fragrange; Fig. 7 is a gragp |l lustrating the nmeterjng capability of
the heater witH18nl 1S FREERGCHYgRIEW fFle?h@di cye CgP%tﬁlhmi 4CCORIanes WHE t he

efficacy for.. LKLk ) ti female
nosqui toeg&gkrrpg?g@%%glé:noél lﬁ%@gﬁgﬁ%‘%ﬁﬂf )g}’{{‘f@‘“@&ﬁgg?@g%%f oduct using a
Ni Cr resistive Mgreisangerspdctive @ity ofibeihester i Big. P with its @vepbffidxbosihg at i ng

the particle size generated by the heater that facilitates rapid
revapor i zatelestedaempanentsrindae Cisquitryianduser imtgrfaeit; 25 Fig. 10 is a graph

0.5 1ol sacondiBor sctidhetane BstEsoT BF et FRESKPy Tor SEMRRRE LRSS U oo

of a wire Nged 9 RS pRIvEdER: c%@rﬁdjlocﬁl'fkeﬁ%h%%omﬁfinﬁlgﬁleténﬁh!ﬁfo@, wick by a coil
spring; -11 WO 03?103387 PCTNB03/ 17767 2006 lg. 12 1s a top view of

t he enbodi nent Kifs.Miagle sthematidallyhllustyate marioustresistovawire heatendésigns tbi g. 13 i s

I ' f the w ti d.in the enbodi t of Fig.
2 PN Yl Change the thermal characteristic of the heater; o 0 O 9

Figs. 5a-5e schematically illustrate 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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11; 5 Fig. 14 schematically illustrates a pair of spring fingers used to
apply a spring force on the wire heating elenent; Fig. 15 schematically
illustrates spring force being applied by a pair of coiled sections of the

wire heati wgﬁ%’ﬁwt itself; Fig. 16 schematically illustrares sochdglilBice

bei ng applie y corrugations 10 integrally formed in the wre ﬁeating
elenment itself; Fig. 17 schematically illustrates spring force being applied

o) de. mount | ng oEoa? B o EEBbodct offer ST S hE Shinke hor AN o) ©

i I ustrat efdriedaritye of notches formed in a wck for receiving a wire heating
element; Fig. 20 illustrates yet another enbodi nent which utilizes a pair of
wire heating efigdaisaplangaew of theawire maunting ysed inrthe embogiment 9f Figsi ck f or
deliveri nglchtive to awire 20 heating element; Fig. 22 illustrates an
all-in-one“refill unit for the present invention; Fig. 23 illustrates the

use of & fan anﬂig@lb@éﬁdrﬁatic@ll%'il%sﬁfa%%%rﬁaiﬂ oTspHhp Fingelsiuded &dtapply st rates the
use of a fan and a separate chanber for containing the wre heating

el enent; 25primgforoson thewire heatingtdlemente of a fan and varying the cross
sectional area, Bl § s BhINg ke oS RS bR ShOHE by b a0 0L 21,
cop corer! BRSO SlyE ORARE BRI, oo 12 8 peC 2008 10
enbodi ment of tFig. 6 sclematically dhusirates spligfdrEbERgapplivd ENcédrugations NVENTI ON
10  integrally formed in the wire heating element itself;
Fig. 17 schematically 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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5 The localized and pul sed heater 1 operates as an integrated system of
el ectrical, nmechanical, and fluid systens as shown in Figs. 1 and 2. The
enbodi nents described herein were specifically designed for portappe; 208

sem - port aRbRsfisdgy anci ng and insecticide delivery devi cgopiifeR Prinary
object of the invention is to provide for a portable fragrancing or insect

repel l ent vapor 10 di spensing device, it should be understood that other

vaporizabl e fl uf .zaﬁﬁustfaeé@taemam&sy%i& &%&C&H&&&cﬁfg&ﬁ% gﬁ%@ﬁt

i nvention, such d@s air fresheners, p , deodorants, ments, and
the |ike. HRefemtion.ng now to Figs. 1 and 2, there is illustrated one
enbodi nent of a portable cyclic localized heater 1 constructed in
accordance with the principles of 15 the present invention. Mre

specifically, heater fHg Wﬁ@dﬂ?ﬁ'ﬁ@ﬂl@ﬁﬁ%ﬁimﬁﬁ?ﬁia base 2 for

supporting the internal conponents o eater 1, and a cover 3 for enclosing

t hose c§nponent The Bralizéd amml pulsddiecasdrdpetdtescassdmaintegrated systandf i ncl udes a
lip 4 at its peripheral, edge which engages a corresponding lip 5 formed on
cover 3 so ¢lerticabmeshanicahgng Hujdsysiemsasishownde Figs, aadé’fngﬂlﬂfit arrangenent .

20 Co 3. n A t ' ' ' f
roator 1, eiboliyd SERRRN Rt Qore/ BeBREY ARTERATAl Sondtie bR Fiid)) O
| i ght wei ghpoftasle fagtan® it ainsettitidd dekivéryaleyices. WHIRR primhiyoli¥didfabl e
pl astics that are produced by conventional processes and Known to those

ski | | ed i ntherigvention isity pravide for atportabledragransingor inkest répsllent wpbect ed,

howeve st be ¢ ati.pl,e wth the particular active volative fluid that
a0 be v aRBrRue e icstmn beuadihsbat bt et vaasBis et

comer ¢i al kyntemphittPRithirPhe XeFLXNAE BredBritahveétionP4ithas it ffébhbyerknown
injection nolding nethods. Base 2 and cover 3 can thus be of any suitable
di mensi on pedfumefaecodorantsamedizament] and thedikebl e whenever desired. -13 4 DEC

2006 WO 03/103387 PCT/ US03/ 17767 hown .best ipn Fig. |, heater 1 includes
an of f dur ationﬁ§ BewiA &pese @Héac 59‘5389\?(“ one %W@F%boff% an of f

dur a1 o0 PR BIENlpcliea ] ORI scclS R RATRHEE, |
vapori 18t i e present inveAtisR. MueRpéoifidally, hdatérs] malude® s hbQsing e or
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.
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5 knob 9 which is connected to a selector switch 10 on circuit board 8.

Sel ector knob 9 may be slid in one direction to select a correspondilid 2005
emanator 11, or in the opposite direction to select enmanator 12. For
exanpl e, engpasQiazsyl My vaporize an insect repellent whig@.RpBpRaE0r 12

m ght vaporize a fragrance so that a user can choose the particular active
to be vaporized, as desired. Fig. 1 also illustrates a pair 10 of spaced
openi ngs 13, 14 I | d wth
emanators 11 an g%ml?]eaé%el@?gé;el’ R&Ré&)ﬁ“ﬁ udes &@B%%ﬂﬁ%}géeg%éﬁrﬁgﬁ}tbh%%ctlve

bei ng vapotdveed whiickis ¢orneciedhean 6&'dluatiﬁltpdtélﬂlcﬂﬁetaslﬁlﬁfoﬁntcﬁldﬁ&ilicult an
I nstant action _button 15 extends through cover 3, and when pushed,

overrides boasdd whichdn HA}YDSA%FUPPW‘G@ B8 base 2.0Knab 6san begptateddeagethei t s a user

eranat or o HieviDbEEket i PRHbRbIG” b Bhofin i Fle Yot SPRaBEE et e 1 ng
now to §i gkneb 9Whﬁélﬂistd%ﬁﬁéded3td $sclEBIeY seltchn (SetPEieduithoked 80 Sefectd? kpsb I ai sed
above base 2 and provide sufficient roomfor formng a receptacle 17 for

recei vi ng A nplybedlidin asfe direction twl@tgsonemnduwdr@ammm pmrnlhg 3) for

Cora 16 angPRR diregion 1R EeT smataiot T4 £y el EEPBICE L LY S0ERer out | ot

Fig. 2 alsg Msb&%&%@lfe%?w&n‘ﬂ% ARG 22 smgﬂm a},%nzéam egb %at%sellgancorm“ ses
a wck 19, , respectively and a wire ngee 1, 22, respectively.

Each wi ckclidbseﬂﬁ: peaticulat astive tebd vapmreaedeak dasirbd.nFig. rleaimnﬁustrat&ga pad,
respect)vely for 25 contgjni a ution of _an active such as an

i nsectitl i d%%[SPﬁégq meﬂ%g%ﬁ,qﬂggffa?@@m%m/ah abdacationy ﬁ&“‘?“el atively
flat tip agifSsnali ?1Waﬁ&1§ &Qgé’l&e'(%ﬁfaﬁmégjw ?:?tmfsf‘eﬁ %E&t}bee“e”d

Thus, as active IS ravvn u W’a y-ca y action t w cks 19, 20,

the sol uti bﬂn'ﬁ&ap@iﬁeﬁltaemtm heatérr Efito thie Amosplekré. thauP', aM memnﬂécnoaz
resulting in heating of the solution and vaporization of the active. -14 4

DEC 2006 mgglmg:s@d?s theomghseyen ¥, 2e9 vehsarpushed oyexrides the time delaysebinged t o
£ f c
o B o B o BB ko o8 S0 B0 b e B el o "

repel | ent, piksPSF AR FIm Toﬁé’oi- b em%ﬁto‘i‘@??rl\mlebén&ﬁ A?énﬂﬁay os'?cﬁn%l‘ tary with
base 2 and as such may be an integral part thereof ternately,

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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5 each reservoir 23, 24 may be separately forned and then attached to base 2
so that reservoirs 23, 24 can be renovabl e and thereby all ow ng f;)r E%ﬂﬁ
repl acenent of each reservoir after desired vaporization of the f LWE

cont ai ned t\BgnRshfsgs Nis would allow for the interchangi n%c%us@s/}’ﬁ@i ety of
| i ke di nensioned reservoirs containing a wde variety of vaporizable liquid

subst ances. Accordingly, the reservoirs 23, 24 10 can be so constructed as

to be di Sposa.blEac%ﬂ‘ésér@@fr@g?ﬁbhfagg&ﬁgl%@% e&ﬁﬁﬁw%ﬁngg&gggh%k i fresh

supply of active. Also, I1f desi reservolrs e ransparent in
order to ppreftrdblydiolegically abtivd)such avml evmpotable/liquid deseeticideer alne  anount of
vapori zabl e active or, liquid remaining in the heater 1. Fyrther, although

t he preferF‘é%POEQﬁi?)BS‘i“pi‘BWcF EepGﬁE“tWﬁ'P&‘H“%‘Pﬁ f &S h@eaﬁcmmi%g%m%t in a
liquid 15 ' : TReS dul | ' )= id or gel
formul ati oﬁgh%ée:?%%ﬁngiﬁg% condsltuFlﬂgnn . Ia?llngaégﬁaqgggzﬁér%eﬁ% égér?ggts%l ’i on

i ncl ude$ t bschaesdrveir RBOREagbe separdtety formed and then dtlachéitfol bage RR@keadi ent . The
carrier may include one or nor bl owi ng agents, solvents, stabiljzers,

syner gi st sTesgRyOIs 23424 ears bvesn e‘Bbmfﬁ'ghebelé atlewingdfor the raplagementafnani de,

dinitroso A gr=Neg! : | Sp 3Ll e,

combi nat  oflrneyr ey SRE B ARt SE B S BB bk TR Shguid

No. 4,228, iRdw fuithe inteechbfgia bl avaflelUTaike dit¥ndieicd resiQoirOEontiiRfgiir pose of
di scl osi ng bl ow ng agents. Sol vent's include al cohols such as cetyl al cohol,

stearyl al widrovariegndl vaporizabls liquikbsubstancess Asicandinglyethe reseryoirs 2h24pr ovi di ng
SUE0L! Y, he St coblBe RGeS BESEI6 AT IERNR S 25,
(L5 ), 4G BEI B( O S T a4, v
4, 4: - but y| treiespardnt i Sedeptaproviletauser withtthe pisealabjlity to determine the
L T T AT N L ERE LR
et a( 3. 5 LR B PORPRSELAT oR SRRl & R hiredient in  liquid
5 1 et gty e ottt )
tetraki s mambienteenditionsdiInieaeh case: the-comppgition yraludesithe agtjvedngredient

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 cety! 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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5 dilauryl thiodipropionate, distearyl thiodipropionate, UV absorbers
derived from benzophenone, triazole, and salicylate conpounds, ad#dEC 200§
conmbi nations thereof. Suitable stabilizers are disclosed in U S. Pat. No.
4,874,787 obibsld,S. Pat. No. 4,515,768. Synergists inc

al pha-[ 2- ( 2- but oxyet hoxy) et hoxy] - 4 5- met hyl ene- di oxy- lllggg]rsgsﬁv Yol uene,

oct achl orodi propyl ether, and N-(2-ethyl hexyl)-bicycl o- [2 3, 2]

neP - S o ey eSRHAARVRRA), (Rl asyes BB B hapsEh LS. Par
used to shbm(@t&dl-tdnebuugls-ddiydrem:lhbml)-pr@mmp@r1§3 s&memwm-e tris@i3-abl e dyes
I ncl ude 3-§§_hostear at e of B or t ho- car box phe

6- di et hy| affisrtsoudy g hydroxy W&'@B@&ﬁ'@q}ehé F%T"ég'{lyiﬂnhmﬂ&"isﬁ@ﬁdyes Dyes

S;GSgggggoﬁ&gpnl{herna%%[ hﬁ@%‘ﬁ@ |ca %I-%@%ﬁ%%%ﬁﬁl %‘eU S. Pat.

No. 5, 891, dilduryl tRivdipropionaty) disteaeylakiodipeebibiate, VRl dédived fdnt unes can
be used, e.g., to show when the insect repellent is spent or for aesthetic

pur poses. h@rzpah@@nﬁumazolzoamhspéwxlatﬁ ¢ampopsdsandicombinations thereafct r epel | ent

el ude. ci SV FAbIGRSAHE dliosBT HEUS Raf A0 7%5&5@% LS BTG | nsect

repel | ent. 4%5he 788! sed el ectrical cycling of heater is achieved by solid
state electronic circuitry, as shown best in Fig. 3 but is not limted to

the specific CI S)amrglsty ikdudé alphs-{2+(2-butoxpethpxyyethoxyl- &rﬁcmieﬂrylefrmr dioxy-

| ect tch t t ff det 1.ned

“nter vill's Z-PRRpRIEPe, ¢ @We@fﬁoﬁéﬁe&rﬁﬁ@ @ripgiealblorHerdads battery
life as co rseéh W3t55c@rb3§¥fn‘ﬁ e [ $\iabll 13% 6&&;1@'@?3%% . Control

Timing can set Yo operate for a pre speC| ic tim uratlon

e.g. 2 hou487448’ﬂenldl$ls&’ahoNbs4 5¢5,068.0r can be set to turn the heater 1 on
and off for -16 4 DEC 2006 WD 03/103387 PCT/ USQ3/ 17767 predeterm ned tinme
peri ods, e. g dﬁyersantbes@anﬂs;@oraﬁ@ beesed do shew when ke nsedrepelleat is ong as the

Low Vol t ag d [ t be

adj ust abl e g%’g%lﬁgl% gl?%i’?éggels qg‘gg%%?teﬂlg) %r | n? %%b @Fﬂg» uc\éfbc%‘glgﬁ%li\%

secondpg y 6Jdmhy1mﬁ-9ret&mmﬁi@ghg@@hﬁﬁn¢ gnd Slebtiéii-@6hatindadyRatDedsydrs) 7 from
disclosed in Japanese Patent Publication No's. 09-175906A and JP 07-324003A,
International Patent Publication WO 96/33605 Al, 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 repelient.

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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5 damage by nonitoring the battery voltage and di sconnecting the circuit
when the voltage decreases to a set value. Wen the battery vol tag@tl 9008
bel ow a preset voltage, the electronics will enter into a Battery Low Mde.

In this nodggeffiRsg;controls to the heater will be such th ter is
turned off. Low Battery detection is only performed duri %ST@E@lEz‘gter of f

state to avoid fal se detection due 10 to the current drain during the on

state. Thepehe@phineWtine S@1GsCe. thén RS REdndsAntiakeh offToeRye Eéé%ﬁd% ¥t before
the heater” on cycle and decide 1I'f the next state wll be low voltage or

nor mal ( hekongras @M LowrValtageDasecton indicatesial good dbattety(s)t dhesiuty bydle willnt o t he

| ow vol tage detector cihrcuit to.e e cil.l ations, of judgenent around the

low volta %atﬁg%l%l_e bychangine a f??@Hﬂﬁg@ﬁﬁ%D’gﬂﬁéfﬁﬁWﬁ gPaIJQt ectronic circuit

for heater 1. IA g ' | | | heater to

be swi tched ON %gﬁ&@ﬁ%@hﬁon ;f)érrgﬁéete %?%)lﬁggdﬁ? PE&%&H&%@?W% e ASIC,

m cr ocant r ddrhage by moniorieg thel battery valtagp ané disc@fhdcting tpociatudiswhercthevent i onal

Low Battery Detection circuit as | vveéLI known in this art. 20 The circuit

of Figure Yolifgedegtenssito aisehvalie Whendhe batteay veyage ipbplatia BEESebn t he heat er
By not be

confi gurat| | &1 . . t ]

suffici ent{.f&%géb Fgrécgjgéﬁ:%%ﬁ%ﬁgré%uaa%%%W%K]O\I:ﬁmﬁﬁ%mgﬁﬁow too high a
vol t age accsififold feethb hadter will Be bkdh that the heater Ritgtnedbff LawBatieiure. I n that
case, the ASIC, mcrocontroller or discrete |ogic conponent 29 wll

modul at e t dfedsinndsonlyperfasmedidugingitee hesterafbstats to muoiddalsedetestipudse wi dt h
Y Y T
l'ess than fhedd tikb} jusdBeford IE heBiePon YR10 dhd B8 iffthd hekr@eitd wiff be Ibwe T ol | owl ng
equation is used for PWM waveforns: "~ VxMs = Vpk tON'f Wiere: Vpk = Vbatt toN
= ON tinme YValtageloe nbemaldhedterOd)ddn addition, thereivaidl befa hystaresio buitt/ikteotheput
Voo {ohecltage etcetor circait t femove scilfations Of fidgemment around the low ¥ ¥©'  29°
voltage level.
15 Figure 3 represents a potential electronic circuit for heater 1. It is a simple,
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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adj usts toN, one can keep Vxnls constant. A beneficial consequence of the
use of electronics is the incorporation of a 10 clock within the |rCU|t to
create bl ockout periods of the day when the device is not requirég

battery engy@ysfeiservation can take place. As a result, QpeRsPH

heater 1 does not need to include an on/off switch such as that S omn as 30
in Fig. 3 to depower the board. Specific controls of heater pulsing is

provi ded by thﬁﬂézf Sni adj ustable to control
t he duration of g?fé&?%%@%l%a? cycP‘I’ee?%#qugaé‘%g% S to 30 seconds.

Potentioneter 26 allows for batte\y,%‘1 ﬂgrgmanagerrent w th variable pul se
w dth nodul ation that regulates b ery use during the on cycle with an on
and of f subcycle to manage power Wéentsvp&hé,su power conserving met hods
could be used, if desired. Pot tiorrg%eﬁ é? Is included to regulate the
duration of the on cycle ftPE)m yng for Shejheater (secoBddhds. o her 20

subcircyitry can be i nCWE%%Bfmglme%gggt ﬁrec%ﬁc\%zr sensor swi tching

such that the unit could rmant unt is provided by
batteries 7 and could be AA, C, D, or other 3 volt battery wall power
transforners. Batteries 7 may al so be rechargeable. Power may also be

si gnal | y of\s savhe sepndzem the equationt if @ne monitees battganvolirgsdVooanddhen n a 25
tethered o th cks 19, 20 may be constructed from
nat ur al {dé'? ﬁ’é" Sé?egaé’rn@%wggﬁgt sintered polymers, ceranmics, rret al
foams, open capA ibeaéficidlldonsedtience 6f BuSe oB¢Id&tFonidY is Y RicofPdrtidntdfa A
crltlcal consideration for the selection of any of these materials is the

t enper Ht ur@locleqfumrreﬂlefcupugm teeate beckauhgerfiads aftthe day whemthexdsivigy is 16t 4 DEC

2006 WO 03/103 / US03/ 17767 latil d. Th f d Ki
o Cori an (BapRe Rl batlery BRehey EhRdeniah By o e lage. ASAFTI B8t o b1 once. 1

shares ot gﬁ{ ér@&tliéraﬁe? 1Yddeb ndPREeddb hséludd ﬁ#&ﬂﬁft‘s%foﬂ%ucl@ﬁé {Hat ¥hdvh bl | or pore

size to address wicking rates and fouling, it has Insulative properties to
further 30 mPBig. BeadepaveersheboardnSpesfic eantroly ofihedteryulsingds prawdedrl al. 5 If

the wick substrate (s co uctLveth adlel ctric ery al r of a few
t housandt h2Y Brec,shbciepits. tﬂ‘?@%ﬂ%‘% s“th'-l:?é“ 'Ig?gf atl“i’ﬂe fg}l‘"@@crri cally

PESESI SV < oﬁ’%?él@é frBffs 5GnaYRF36 cnddBbREhRitetBCl6 ARGWE Fir'inbRe need for

di el ec rics a
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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preferred for their reduced cost, retained capillary pores for w cking,
thermal stability, etc. Ceramic wicks are also preferable in that 4dy06Ean
wi t hstand heater 10 deposition processing tenperatures, if required. O her
wi ck mat er ivgh g3 idis,ude W cks made from saw dust and sili %ﬁm Xt ures
that are able to wthstand needed tenperatures to vol atigglrt e gt?ﬂi ves.
Core to the success of this invention is the selection or creation of an
appropri at : r L&t . [ - A mat eri al
whron 15 fRAER kRN 0 e T i 18 B Rt SRRSO 2
t hrough i tteaperdiare talebarroee dt shiatds otheni festureawitd soned otheptviokg with thei al s.

| nportant to the small geonetrical scale as well as the energy, econony
needed, he#hilitydodaidoraare size dorpddressawickingartesand fouling, Hhas dsulative have been

limted to, W ' [:]. s ' fi.ne. M re.. Lhg. elements are
cormon y. o20BEERY 10, Uiy minfRipe ARt bl pniFeagl aOalbl BT P miEy o

Radi ohny  Nftthxwidl dubstrateds Borticivé (AERGAlicletsic iRREtidldaydrdF a felWandbook and
Encycl opedi a, Electric Heaters, 200, pg’l.e z-38). Pure netals that nay be

used, but tevsendtsofapdneh inthicknessomustbe placeg batwaenrthe eleowically iresistive

| ybd t d : Engi i | nc.,. Handbook and
Encycl opedheaierana 51 swiRBate aVgtetig ot SRS no8, for FépoERLER be der i ved
from 25 megatdred fok {H&ndreaﬁééaeclofsi, 'réfﬁineﬂ%&;ﬁ[lh%‘ poréd RIPWALEhb Rermalor i des,

car bi des, stanides, and the |like. Stannic oxides (SnQ2) “or tin oxides can
be deposi t sability, &tos eCaramic widkislane alfo pgferable ih dsat thefhmnovitlestandeheaateroxi des are
fornmed as t hj cker or |jnternedi at egfi | m S&%‘Fst 1| consl dereaﬁas a thin

fi | ms. 10rhj dgpopitioppragessige temprrawres, & regiireds Other wick mptepalsqagiude,g el enent s.
They can i I ! ' j - ,%&QPG WO
03/ 31/03387'%@FF%%/%géﬁﬂdg?a&%ﬁ%ﬁ#ﬁdgﬁ@&ﬂﬁﬁirlrlég?rgsatia?ecépO yneric resin

pastes w tieeded vmperatuesspaolatizedes actiwss.t he conductor. Nonresin matrices of
glass and ceramics with pure netals or, petal oxides such as A1203, BeQO
Pd/ Ag, Si 02, Pdepretathe syscess of this inyention i the gelectioner cseation ef@ant s have been

hapes. ancibodeclBTey FA haag sRTRAL A ARapb il Bt sl oo e

resi stjsi t fncleniSdsta/heat VIR cueRAEASWS oY a bﬁtﬁ?}ywﬁﬁséd thrbegH it cahBee

properties are determ ned by the constituent el enments, processing nethods,
and 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 (SnO,) 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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post - processi ng techni ques. The nost preferred of the above resistive
heating elenents is either a 49 10 gauge Nichronme wire or atin ﬁifﬁléﬂﬂﬁhi n
film Inportant to the selection of these resistive heating elenents is
their effeq@b\gﬁﬂﬁ% at volatilizing solutions and their gqpergy, gfficiency.
The gauge of the wre was sel ected because of its higher resistance and

| ess energy draw to generate needed wire tenperatures. Like other resistive
mat eri al s, ' ' Mafalt ' [ ; nsity
For 151 a TepaoRiils QrtpAee l ol E Rl R AP ler BF ol B 0= o
are subj ecas the condagitem i Nenresinimairieeschfrglasg andnerfaai¢suwith pure matadpar t at i on,

cirscos oae s S ABow i AUAR SRERPRL!cabL R, WULH) RS0 el
causi ng wehn shd Bt ABpARL b Renni3ed BOAEK fnf¥ Wibsceatiih ofsBLGECT |
vari ouss r elsd sitained \in diffdremtishapetemidgives shileimginfainihg phywiedlipiepettieysich

123a- 123f touchi_g an emanating surface 124a-124f located at the tip of a
ceranic visleckricyl resishivity; depsieys theamgl condpetivtye and spegifigheat; dheseg

ermnat | ng SoPPREs O AbERhE by ot ohsGERh dtnif iplesdhidy il = 1

illustrat e%)se. 'miﬁgwchﬁiqmgg.e serpentine wire heating 25 el enent 123b
touching the flat emanating surface 124b at the tip end of ceramic wck

125b. Fig. 4c iThamopstanretsregd ofithe abowe pesistivedealing elaments isieitheraed i ng el enent
123c tguchin flat _emanating.surtfa 124c at the ti nd w ck 125c.
Fig. 4 i$qu%§h|ﬁ§ ?eawweroéah’é‘a(gﬁ"i%{h& ﬁﬁﬂnfmﬁﬂ‘gﬂ‘t&"ﬁﬁ}e ﬁege“\%f)ﬁﬁg _ S8round the
ci v cunt er efaginiol heddh diémemyth dbiruiteluveed dvelihtl daicTanathag surface
124d conprises the outer -20 4 DEC 2006 WO 03/103387 PCT/US03/ 17767

ci rcunf er eentergy efficidnaye The gaingkofithd dvirdvas selectéd bacatseatfdts higheri r of spaced
wire heating el egg(g s 123e t.ouchi ggwt he flq%t emanati ng surface 124e at the
tip end offCSinlalge Ss PRETEY, draVy I ECTSHte Beqdsd Wis emnSEuRSRo Like @tber o3¢ are
illustrat . i.ple ' oo , i f
desired. Fi als Hyl‘% Hldﬁg 'ﬂéﬁ’\%{‘gis %Pfé%%e&lgﬁ ﬁ%‘%ﬁg% %ﬁ?a‘n@n‘ﬁ&/ﬂa@r" glg S\OArl’ e

heat i nis el fafterd. ThaSKicheoind &age paugdei wieesdre kélativdly ragileland am subsjeteff such t hat
an arcuate portion of the circunferential surface of wck 125f conprises
t he emanatmpghasigai failure dusing 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 125c. 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
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Anot her type of preferred resistive heating elenent is a vapor deposited
thin filmof tin oxide (Sn02) or other resistive deposited fil ns.4ﬁp 2006

i nportant 10 consideration is the direct deposition of the oxide on %e
ceram c sulgphpifBsdsnat creates a nechanical ly robust heatpﬁwtspﬁt,.lgay not be
as susceptible to nmechanical failure. It also does not suffer, as a wire
resi stive heater does, frominconsistent position with respect to the w ck
at manuf acg;uL | : G | '

consi der at %1%%@9?%%95@%%?& l@%%ﬁ?sﬂ%h%% ﬁfﬁfg&tg %%P ﬁﬂéldfgg%%ﬁg%en and 15 t hat
of the cerhoitingdtenmaits $28xstoachinglthe/flati enfamatingsurfadeddetat tHeltipy end 6f no

debondi ng or . ot her fai wres fromthermal stresses that occur. with pul sed or

cyclic heaWickgi2Seadishonlhbe noted that althoughdae wises Lkerase ifystraiede multindat al

addi ti onal ' | .t S Is l1Okk: OF4 ik NI [ energy use,

t he heati n‘gﬂé% gﬁglri\?ﬂ r?\g%ee%cgﬁ'%&’ %L&gfn %Ed\}ggéfﬁlreg's ?g i@@%#f#@‘?t’ent ly lowto
al  ow fr maphting)@abodithenbd Whefsin W@ hehting slemichel Zfaoechis ohé gide ofthiat t he
heat er resistance correspond to the energy density of the power source in
order to niihend eEwisknt5fsuelsthaban arsvateporton of the sirepmfagential smfacesf | ow nass,

such as SnQ2 e created wth.very.lo nsity. Not only is the
conposi ti pwlc&%ﬁgoglggpgs[tﬁegn}?gfuéﬁ% f cﬁga‘?gant. in achieving this, but also
the 25 thi cknesgn@iér 9poer piger&l FekiBti CORSHtIAG eMdrh &1 i9'h Uﬁb(ﬁ'_deﬁbﬁfdd(iﬁﬁlhl p such

as R=p (L/(WI)). Wheie R 1s resistance of the heater, p is‘resistivity of
t he heat er filmraf tinibaide (SnOs) drotherresivtivesdapiositdd fibmsl Aniimpotiantkness. The

depositjon of.the thin film by atnospherigc, vacuum elecgtro-spray, thermal,
or "ot hid *vesBbideeitionds the fireht ceRsTionotnpexids ooahe (i SR T 0503 17767
the resi Stér‘éﬁ’uf%h%h&:ﬂc?gé gdgﬁkﬂ telhedr Phoft 1 B a§l§?§°gﬁ§§lie t Ieié%mﬁbélo i ncl udes

some internal pore sur Anot her advant age o eating

el enent i sfailosd. [t Ao doesinotmuften asianeitersistive heaterf does, fomrincdisisteral | ows f or
increased liquid contact with the heati&g@_S el ement to create nore
ef ficient POsEionawith respseto thewidkoatapanufaciyringanst changessbnt eecyh Witbaisguse of

th iLi t-h hi | tend into th
bores of t110 HpelhRolBidegsion ipe e B SO THAIE Ao SRRy ' 1o 1"
t hi nnepss Ofhat éfMAie @rafific Hblndt bdbse@eialPdiffes! A febdlt, ARER ¥Sné HEbLIIdiigorand does

not inhibit |oading
other failures from thermal stresses that occur with pulsed or cyclic heating.

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. Itis
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 SnQO, 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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performance and volatilization sites. The thin 2mthick filnms allows for the
10 potential to layer thin filns as needed to achi eve desired resi iigv[hy of
the heater material, in conjunction with conposition, and heat er 4 i%

vari abl es. yWi9§5igelse di sadvantages of thin filmresistorsphpgkisisrss(1) sone
designs may actually require nore energy to achieve the sane tenperature as

a Nichrone wire; (2) sone designs may becone fragile especially if the

substrate g 5&%@%@%@ qigmﬂ:& fcdritodted Qulrllel, Which A13ShBufiLIN ;ﬁe heat

transfer; an rature variations can occur roughout the
fi | m deperidiengal poré hefades.ckness of the film Figs. 5a through 5e illustrate
various resistive thin film h(tgater designs showing a thin fil mheating

el enent 126a- 125t0theradvantage of p thip fimdreating elementis\thatithere ran beaa

respectiv r L Ei I ' . [ | Lm heating
o omont | 12nGeasd BaRraEEGcn, A% dlopf! Br jmPeased H3 ofRc Lyl hedifle]

i 1 ust rsat ederaertitb Rrddtd Mobe efficignt Hegr@hirank?eand doradizagsh ofthklsalutiohp end of
wick 127b as well as the outer circunferential surface of wick 127b which

i s adj aceriBecanse of the vaper dapesitinn nethgst, ithis surfadeccoyerage caniglso extendiintoof wi ck
127b. Fig.,.b¢c illustrates a.thi.n filmheatin enent 12 deposite onl
around t hahg Botss of T ik eabiliiiet. of ofer GlerBts Y EBnd dtne RSN 8 acent
to 25 the tht dkidel R doed no¥ Fse the forolit Structsel dnl RS AbERIMDIA0AdIng haped thin
filmheating elenent 126d deposited on the flat tip end of wck 127d. It

shoul d be pepformatdwind valaiikizasioatsites. Testhgn? paothick filmgdfoves foetheon t he fl at
tip end or on the circunference of wc iral, a

k d, . 0. h,
pobyoof “mtarsdafv in Sreacnandr %aq»@ﬁ?deziz&%ﬁ%v@”ﬁé@ﬂﬁf; 503387
PCT/ USO3 A N | OLess i i i | ne i
el enent l%égglﬁﬂirhg or&nlog}‘pgﬁ C?lﬁbgslt}‘?rg@gh hgé%%gés‘?éﬂg%é\ﬁltl%é Pﬂsgpﬂte ?I|toI ggd of

Wi ck 127e.difivagtagéPst RirtARY Cesistor ifludd 1 pEoriB dysigeemagp hctigly eéquirel S for
providing an insect repellant and insecticidal function. Those I nsecticidal

or insect meseincegyt to Shwva e sasetempgratiurean ad¥ichroma wire1(2) somedlasigns | are
A A R
L e L Ay
i ncl ude blthywughoatgha fidm depending sn tlsd thikinessasfahe fjme Figss 5s thrdygls 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. 5c¢ 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¢. 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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10 and fragrances well known to those skilled in this art. Suitable insect
repellents are exenplified by DEET, pyrethrins, chrysanthenic aci @DEC 2008
derivatives, and pyrethroids. Exanples of sone suitable pyrethroids are
Allethrin, Jodsh@kgyin, Bioallethrin, S Bioallethrin,

Prallethrin, and Transfluthrin. A preferred volatile i nsectlméé%(glqul uid
substance is 3-allyl-2- nethylcyclopenta 2- ene- 4-one sold under 15 the brand

oo 1Y 2 Mol il Rnbl BATSE AR CRERMGR! ifPheatinh Klenfine 19621 we folh BEET 1

vol atil e insect-repe subst ance IS uam de
(comonl y ihinvibbes dE}EETt):d ohrthaﬂdtnp emhbf witki I2Fect repel | ant's, insecticides,
and pesticides, the portable device of the present invention can also be
utilized to evaPé ﬁ%&fgr@tql?@’e éma;ﬁfrﬂaw@naqmm of headerpkisdpe providing am s

VanOr abl © ifetd o0t BRRISECiUARANL THohd AR 0 el el T S

evapor abl e regulants, ert I'zer's an é i ke,

evapor abl e efuhpurﬁolb ﬂntdsownieﬁ are’idlieﬁilrlﬂﬁbﬂalef gre 1pAItédIORY, to deOEaERThE:
medi canents, and the like. A Nichrome wire will expand and contract

appr oxi mat stsh fuidsare vapeeizalis, ate of agompesition wbich isicapekle ofiyapaizaiot and
cooling. A_sprin |sm|stobe edtok.e ach. Nichrome wire in
const ant t&ﬂ@?ﬁrﬂﬁ%ﬁfg W%%ﬁﬂ'b‘ﬂgﬁﬁhﬁﬁ@o%o@ On CBRIISYS O O force on
the wire Wabfve @sett &eﬁenemeiﬂawnr xﬁ&%QyPﬂBﬁdeﬁméﬁﬁéﬁ&i@H&nq} ptifnaj he wire or

even breakage. The yield strength is the amobunt of stress Trequired on the
W re to pecameeirngredients inainde blewing agenis) solvents,istabiBzars rsyhérgisss, tiyes,- 23 4 DEC

2006 03/%2@387 PCT/ uS03/ 17767 of .stre ffat woul d PI’ eak the
W re. Erajessd e do pose g’g‘ﬂgé in thiseart. sgwtb( fiseetrepellenisdqes on t he
strength 1 SrEBPEEE SEPRIR, byt Shilsamh SR ackBVEE AITICRRIE, ¥ |

880 MPa reﬁmempleseﬂfyomihaitﬁlewrethr&di%e NBathein, diAldethrib, Biodllethtia, $ | i kel y
target for the spring nmechanism Figs. 11-13 schemati cal | y ill ustrate one

embodi ment Bisallgihn, Empesthren iPsaliegarin,and dransfluthain. of orelsrred volatilanent 32
e, el S B 0 L b P by TR 229251
i ngr ediignt tiyd Brahd nAfié Pyianin-Port¥ b Sudfitonfd Chéitel 08Y Ll of Japan. A
preferred volatile insect-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

-23 -



10 central opening (not shown) is used to support wick 34 in an u%h@@&
position, and a seal between this opening and wi ck 34 prevents e %
evaporation and spillage of the conposition within vial 35. As shown best

in Fig. 13,wébsfshgating element 32 is nounted on a bowti g c-pl ate 37
whi ch includes a central annular nenber 38 and oppositely fgﬁ}ggdt?gndi ng

triangul ar shaped wi ng nenbers 39 and 40. Central nenber 38 has an opening

th in th ' ' ' t f wck
T e N A R e i AR

plate 37 bynstruviet Sudh thanthedstresds ©n thetwirerdo ot exededadneitodf thy yisddnected to a
battery 7 by wres 43 and 44 respectively. 20 Plate 37 and wire heating
el ement 32stEngth apeevield and wnsilesteepgth-for p331A WSt Nighromsarais tpically such a

th 7 L  cal . . .
T M b S Mo S PR S < i s, g

annul ar5 | i Routbherd likély targeefor edsprivgimdvhanisges an annul ar | ower surface 47.
One end of a coil spring 48 bears agai nst surface 47 and the other end of

spring 48 bear sFiggalilntl s¢hematically Hlustrateane embodimentiofanddrotraaesistiver ce to
mai ntain wi re heati el ene 32 I.NS he emapatin urface,.l.e., the
flat tip enirepbatng ement 9hHlapen 16 Pei boidip corfrihmm W ugge 33 of
Spring 48 } ikl 841SThebppodite addf widk 391 comMiERcATonWith A¢ompb8itidh SO
contenpl ated for use in the present assenbly. Fig. 14 schematically

i || ustr at esontainirigcat achiye\ingredieatiwvithinp reseevainbr Gial 83Ut ap Ichodsga pair of

spring,fingers 51, 52 -24 4 C 2006 WO 03/ 387 PCT/US03/[ 17767, for
m)vene@ igﬁrtuﬁéommwwﬁhwn%% W“PPPG.WIE'%%&%MPFB% nasition, aad 2 ot es

spring fo | ' DAl i ' .54 .
I ntegrall yéﬁpﬁcﬁdg@ lggﬁ ggb {:ﬁﬂg?}{ g%vvlma?%i Rfeégf' ‘F‘%é’g‘e grre%?h@gﬁné? gﬁ%éﬁége
schenmat i cabf theicbmpskitioh &eitliipvialgsf orce being applied by corrugations 57
integrally forned as a part _of a wire heating elenent 58. 5 Fig. 17

schemati cal |y iAs shawmbest iR Big. g, Ve beating slemanip}3 isanexnted %ﬂ@%witﬂg awre
heat 19 G e 34 V0 R g e AR BB RLESEt 1 ,
centrals op@apadifig iri@igald? shQpst widigGheibérs 391a8800! (RAtrdPMRhibey 38Rhsdh provi des
a downward forcé agal nst w ck 60. :
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 soas 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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10 Fig. 18 schematically illustrates a side nounting enbodi nent for the
present invention wherein a wire heating elenent 62 is nounted aggpggtmghe
side of a wick 63 at a |location beneath the flat tip end 64 there né]

above cap Qpo@fo4ksd! Or reservoir 66. Wre 62 is affixed aped
pl ate 67 and extends across the opening fornmed by the U t"ge’éﬁ%ﬁg@&or bear

agai nst the side of wick 63. A pair of 15 spaced apart conductors 68 and 69

provi de anggl ' oy - £Gtal QPG At ' tically
Pl st r at o BiosBiaRln feRRREioROr ol 13, Fie d S sRuna G MM SRR |
conposed oforspbéing applésl bysapais of coilethsectons 34 dnd§% inkegraldy foraedias patto

provi de a f&rce to maintain the w rg heating el enment 62 .in _contact with the
emanat i ng 4@ vEedeating elemertoq; Hig- 4f sehematisally sipstrates spring forge peingst r at es a

hol der for | 40 | ; | cs%npri si ng
one enbodi?%dz{m\c{)%mg&ru g?#ﬁ“fs 5;@@3{%@5 fUtrféle?%sea ggé’?gt"ﬂ@aﬁe%“ﬁ%%ﬁ‘é@r conpri ses
a base JrenBigl 17 acHedtatRully tlhvstrags speing fstes Beiflg appligdinestvaching @6vigetd a pair of
opposi ng s&; ng finger. nenbers 73 and 74 that grab, opposite sides of
reservoi r betingielggaent $2ne this embadiment, wick$0s shquidergd agaipstithe assenbl y for

Chat o w ctadsBELE Pl 156 63 the e 53R S Bt elfefs el e cete' | 170021 Ve
a W re heagpeningihersito stibtcH\wirgltletieri 39dipwab@y Witich PRAIAIG detev@at 78 in

proper position and al so increases the wetting effect at the wire -25 4 DEC
2006 WO Oforasasdst miak 6503/ 17767 heating element 78. Fig. 19b illustrates a

tch f N h ' f. i ck 80, t ' | ti I t
51 forlChe. samFizolboeragealy ilfstiaeya spis.mouiie Satbadme B BEPrsRt anot her
enbodi Ment VBEIGH figéitth £ RAEYLaBRElerit 62 id1RAbAEYa SlRUAN 5igBratlcR3 cont act

the flat tip end 84 of a wck 857 Miultiple wre 5 heating el enents m ght be
used i f de&3 atedlocatiabateathethadlaetipfehd 64 ithertof and@bowet eap 6% ofivial ar hi gher rate,

wher oi b { HESTRONES: (Wi Gads oftied .o -sbpeg lains) apd sriordsairpps B8 of 2
per TRent SR P bbb iR gl B RSARBIR 1 o
the dels cesphfedapdrocdiiubRis 68 HRY 69 bfovidld Artelkdifical connection to the electronic
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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refill wick portion 87 would be part of a refill assenbly which is renovable
and replaceable by a user. In the case of refills, a user interactmmg
the device and thus it may be beneficial to isolate the heater elle 8
from user iWpgsaRtd;on, thereby preventing danege to the ReahRhs 798 ntaining
the rel ationship of heater-to-w ck, 15 preventing contact wth a hot
surface, and allowi ng use of a | ess expensive |low tenperature refill w ck
(per manent hiling chéthédt78. F9g VY Mulfakl Sotkf 7 Yorntedin did RidelordShit’egs | hat
when using a two-piece, or-nmultiple-piece wick a coupling nedium@89 may
need to betodiesgive advied lngaginglréematt &1 ffactheaanie bedsonenoted dot Figh$986 and 87 to

enhance fluid t ,anf(g ﬁ[psbet ween the refil| wick partion 87 and 20, the
per manent wi ck $8r trates petagather cgibodunentwherei ivaspacesd apartovize f el t t ype

Goupl i ng . HEAERemALs 52 ARTIo SPRELLGE MRt o bhd B4 oZRPR 3 MIRKREE S o7
per maneft heating eanéntomigit. behised iPdksirbd tisvolatizmere é‘fﬁdtivblg(;) weolatiRS atl |

assenbly or unit conprised of a wire 25 heating el enent , awck 91 and a
reservoi r dhigher gate,iof @s 3 sedundant syie®er voir 92 can be formed integrally as

o nat i on 03 g SRk LR BASeS Sysi S RUERT (s HEIRE ifluddlC .
neans, foraﬁbé-giﬂcagoﬂlhﬁr hhick eoﬁgﬁsédeéfid;berﬁﬁhénti\ﬁck rtitfi/86 end a redfil 4 DEC

2006 WO 03/103387 PCT/ US03/ 17767 Contacts 95 and 96 provide an el ectrical
connect i onwidkpoxtior 8he The pgrmeanent wick wation 86 and atveirg/heatingtdlement &8r ce of

power via electroni.c circuitry (pot, shown). There are vantages to an

al | -i nm)newpgﬁii Bey a%ﬁ?‘f%\?@‘?’%‘%t%ﬁﬁ?ﬁe@cf’éﬁlaé& H?n'éilg‘é\(%? Wﬂﬂ?%‘ﬁ des a new
heater, a i ' | ' jon 5 all
at once. Tﬁ?‘g “rdrg!( ﬁ\ggﬁ%eg‘ﬁyggmt ﬁ%‘bﬁ%’féa g%ﬁ:s?g’ﬁg’f‘ﬁéi&}dﬁfiedgy %‘q‘asghdé{dcorrponent S,
and el i m nefplxeatie bpaader. oin the pasesofirefillg huser interactawdth the devios end thusner gy,

it is desirable to m.nimze the air velocity in contact w,th the heater
el enont . THaY, be braehpablo elaibe hgatss ¢lepgaf &8 FAm Ve MteraghietubArebYnd ¢ akes

the heat SYRen Al b TURIadDRERONEL: (USRI a0 bbe heater 10

el ement to maln esir one a enertlit from

evacu a%s’ n ?piebanaigrcdnmt dgtht gottarface) and albwing usk @f adeksexpbhsivaliw-ve
concentrati on
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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surroundi ng the pinpoint heater because a | ower concentration allows easier
vol atilizing. Therefore, it is desirable to nove air inside the hpggtg@% but
utilize an air regulation neans to reduce its velocity across the he r

el ement. Fi 500 15 illustrate several different neth

acconplishpﬂgof igagoal when used in conbination with a ?9§ﬂ@%¥VgWF'g 27
i1 lustrates anot her arrangenent without a fan. Fig. 23 illustrates the use

of a baffle 97 i ' f £ j - | tween a
Pan 08 and a viSNAAE 03 ahd B AlL B ERALA cdiebiith RE wife BEAREMENTR! 100
creat ed by9( ta Bfitery op othee sdburde oEpowerovia aleictroficicireuiry (notisheni)s ThHeg: with 20

the wire heater elenent 99. Fig. %{ﬁ Illustrates the provision of a chanber
101 to rec¥p@dvantagssdoap aflcin-ons rehil pmt piere a simple seplagsaeny assepdy agevay 103

ol et 104 oG Fne W BRE T nolydelibindsyim (FATOTRRYRE sphitabfife YIEIOE", T Cugn
which & r sluat @ices Thimethodradioes thellife Rpectanty rEgeisaDEMAY cdPgordHEIUNI cat es

via an openidgg_ 108 with chamber 101 so that as air currents 106 fl ow past
openi ng 108dlimipates sheyneeddgr pypansivesobust bandmaret02 i s  drawn i nto passageway

103 to fl ow downstream and exit. t.he device.via gjr _outlet .105. -27 4 DEC
2006 D 03/ 1035 Ben e e egth s o o Rintinfhe T pBYelofity iR B0AE°C 65
sectional @ftRhOheatertethemg THNisVebARE the miving dheeiots thRllRARPEleAdAt as the air
regul ation nmeans. Fig. 25 illustrates a passageway 110 formed downstream of

a fan 111 ardtakegthoheatawady; andias 2 ntsult mcre povee muBbbs supplied td the Heatera def i ned
cross sectional area and opens, into Iareaﬁqr 5 chan‘o1 1 aving a greater

ain 1

cross Sbct FIERERt RrEANtaA dEHEIGERA MY Shifinehlsccwnl girbﬁgef’iﬁ E‘émheat er el ement

109 th i . g . 1 v, : :
A AR S, 10 e A b

t hrough cha t er e reduced as

conpar ed tsuriduading the pinpoiit Hebter Bédausaui iowdroncentasiongtivay edsiek Fig. 26
il lustrates an_enbodi ment wherein the air requlation nmeans 10 conprises a
cap 114 covlptiliging Whersforeait & desirablete moys airgaside the hpusing hututilizelena 1 at

in” Fig. 2 fog Ry o oeiBefRRaiotity oSy R RallE et Bleshasa) o wiv e’

heateri5 ijllustrate several different methods of accomplishing this goal when used in

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
currenis 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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el ement 115. In this enbodi nent, cap 114 also includes a plurality of slots
118 formed therein to allow active volatized by wire heater el emgrfrljgy to
escape the 15 interior thereof. Cap 114 nmay be held on wick 117 by one or

nmore springygbi/pasgyl® Wwhich provides a snap-fit retainer 14. Fig.
27 illustrates yet another enbodi nrent wherein a vented hogts:?{\[]gs%g]}i S used

as the air regulation neans. In Fig. 27, housing 120 includes a plurality of

spaced openi Ngsk; t,,laﬁr- | : i s 2
t her et hr ough ZOFI%Z#BQ%%%SVO ét#fzhg?g%s{k%%%‘!g{ﬁ%t gqiorlllte icg?{agﬁhggusi ng
120. Al t er warkiheetey clenmns i1 09 as tizGinmgulationmcanhieBigy R illustratesta band 122 to a

user so that as a user _swings or noves _his or her ar, air noves through
openi ngs 1Passageveaypki0 {pemas Apwastagam gka a0 | MHBrauEbphich arurkats B2 of the

enbodi ent & k! psldabig 16ee (AR ol Ea dhal Ttald5 BELACHES 1268 D

wear abl e by a user evice s por wear abPe. In

addi ti of t ehattibertl 13dHadink2P greaee Brosd Sactionslidi€d thah passag®wiy ME@Whichoul d i ncl ude
various clips, pins, adhesives, hook and | oop fasteners, magnets, ties,

neckl aces, cestaing virhaater cleraenyOR thereing A aregult| the melasity of thewitrt . - 28 4 DEC
2006 WD 03/1033 PCTI USO3/ 17767 |t ul d,al so _he. npted that varj.ous types
of fans caRrEy L2 pasi Beuhegamper TEEME WS §erfish Bbstey Pt 8

di stributi f&uﬁ:&?aé&%rﬂ%dré@f’o A6 kRt oF tHEDME Bigtrdrits ﬁi"ﬁ’éé_sageh%g‘ fge wi ck. For
exanple, in addition to a conventional fan that utilizes notor driven
rotating bl ade, Fign26 dtustrdtea lan embodimerngiveeoeif: [thepaie reghdationamediise pi ezo 1 apper

5 conpy|ses a piezo device that vibrates, K causi an attached material to
Vi bratLd antPMPAYRAE &49P klﬂ&ﬁvﬁiﬂﬁ?wﬁql&aﬁpl%%ﬂgl FF&e‘HtCPBWQY wftilﬁ can be

used to %ﬂﬁ’ﬁend‘i%ﬁ?%&k Yﬁ.ofﬁéé’ag v M%ﬁ%ﬁégﬂﬂil&%'b%ﬂf@ﬁi er.

m nute ( . A"plezo | apper uses piezo ceramc disc or filmnmaterial
attached t Biga28 es prevgnt direct contagadiair. frdthe fanh éast shownpobe wisd heatdrow f r equency
(typically 100hz) when excited 10 with the proper vol ta_?e. The vibration is
mechani cal ¢lgment ALYl this erabadient, sapéH4 alse amplydeg aplurality ebslotsdy8s air. Key

e, Ol G A5 AR U ST S PRI 0
H, gde fﬁipeﬁlté?ﬁ&&!&&lesﬁ TapCl 1&%5&92? hglh%qeilcﬁth ibghdﬂe?f Wdre spfing lril’iiﬁszpl@ ectric
pper from conpani es Such as Piezo Systens, ys strunente
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 wearabie 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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15 GrbH & Co., and East Electronics. Fig. 3 illustrates an electronic
circuit that incorporates a subcircuit including a potentionetéer0ER2H§ or
controlling a piezo fan 129. EXAMPLES 20 Fig. 6 is a graph that
iIlustratesydpgoatysl ity of localized and cyclic heating uwsegsbipgater 1 to
meter the release of fragrance. This nethod of dispensing provides for

I ncreased control and flexibility. Current heated systens create an

equi libriumrel r " fd. physi cal
ropert i es. By KO FIME A EBEE Al it o ¥4 ARBR indhfloflaififiibel D Do
of 25 t enpdevideoenhancehefficadyhiey distributing the wolatired stide ahd nfovarpieawsy of t he

cycle this_ heating nethod can provide a wi de range of eff|luent rel ease, as
shown. Thi Somdhesickeher ¢xaenpleinadditian je 2 spavantionahian that utiligesa motwc Ni Cr

W re resi skl 1eat i el . 5 .03/403387 BCT/ US03/ 17767
TABLE | V\e{l‘g‘%"t% 8 vr““%eﬂui%% 03@%1953%3’5%%03%2’8%%&%% ﬁ%ﬂ‘&@ ﬁf’ﬂ‘iral Fi nal
Di spensg ngsorpiides a piézo devide thatibfalds, EAsirlpthn dtRichd idieeRl td Vibite add 18. 18
0.00020 14.0901 14.0899 11 1 130 20.00 0.00020 14.0894 14.0892 10 1 150
20. 00 0. 00mpge ait (ke CFM). o8kenatively, aiconveatiaal fan0an4e used 0@p@vide. 0878 10 1
190 81.82 0.00090 14..0173 14.0164 11 1 .Zf’LO 120..00 0?8; 0, 14. 0853 14. 0841
10 1 230 S ¥elaeis @S Toeasured usingsybis Teet per minptedTHMEL APifg810 14. 0751
14. 0700 10 .38 0.01060
14 0095 1onEppst tbsblenottaliiOlize b aldn thbidnl dfathelido g sedaflpitdr B3 0 1000
wal | power "flupperiasiheciedu vibrates dta lowvrfesquencyoftepioaliyui @0keh svhen excited

10 with the proper voltage. The vibration is mechanically transferred to the flapper

creating a fan that moves air. Key benefits of piezo flappers are the low energy
required to activate the device, small size and high reliability. Such fans are
available under the trade names Piczoclectric Bender, Piezoelectric Flapper, or
Piezoelectric Chopper from companies such as Piezo Systems, Physik Instrumente

15 GmbH & Co., and East Electronics. Fig. 3 illustrates an electronic circuit that
incorporates a subcircuit including a potentiometer 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.

229 .



5 then turned off. The anperes were controlled such that the maxi num
tenperature achieved was that shown. Increasing the current increased the
tenperature and subsequently increased the weight |oss per cycle4

thirteen cweb@snos,e perforned to obtain the average wei gt s@ssqer1he
inflection in the profile indicates that there are tenperatures t%

vol atilize fragrance at a rate faster than fragrance 10 can feed the heat
zone during the on-cycle for volatilization. As a result, the weight |oss
per dispensing begins to fall with greater tenperatures until a plateau
occurs. During the off-cycle there TABLEnNe for the emanator to recharge for

anot her hM@_WM—WMMWW | de
by a sim|ar 15 expwq' pr ot ocql WEBM hat deschi bed for F|BISPGHSI‘T&|S
experi ment Tomp conddispensingss| Shenge i|n [mitiel o 2Finabo |Rispensings G Ni Cycldi r e
resistive hedt(Fng |el efpg) . -30 @&)DEC 2dgp WO @/ 10%e8mirGHs) US03(minj67 {TABLE
N Nl B A T A AT
0 0h0n° 5 Boabit odao 152000 [L5c00n2an bi OBk 900892 |0 0ol b6 li 200 15,148
0. 0017 8. 89625@ 8945 92 2@,0012%@@]_(}@}264 M.0988 94@339 8.9912 82 (1 3Q0 109. 84
0. 0067 8.p972 990561 g o v WARY, 5879800681 00—195. 96
0. 0158 8. 37@ 9642 81 4 '0045@'@?03 71 L))O% _gOgZi” 8 9524 51 1 [00 352. 85
0. 0434 8. B94098. 8306 123132 59000090 5414000T%(7 18.096%9 8.9Bl12 74 1 THe
exanpl e wher 83@ he [sane 209@ i Z()E,szﬁgclt 141@330 14.0810 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 turmed 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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3 shows anandgyelit aohtreldibvideasat as anEigu?) Bigute 8 meprbsentsetheadjstabie t he

observation that the_jnsecticide active was not destroyed by the intensive
| ocal i zed performance of localized and cyclic heating against experimental controls and

10

15

20

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

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

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

represents a currently marketed product in a common form, which provides
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15 heati ng.

which is t
been shown

heoretically needed for knockdown. Such theoretical
experinmentally and correspond to the performance of this

It has been shown that the anmount of active released is that
val édx (ke

cherm cal ent oty R Lgh | ocal | 7ed | oyel ic heating. 20 TABEE A AT e
Delivered: W. O Fornula Used (g) Theoretical Air Concentration Test 1
1o%L 4TSS dpel 0 gl S RS el i N
Al used 27 efa@npl2 the Elh'ﬁlﬂdl@ @erHﬁe@WcﬂQ&B&ﬂr&@ﬁnﬂﬁi@ﬁ[ thﬁﬁﬂsqiitteés relead@bt : 0. 42
MB chanber. | nsect; pti. Fornmu]a: Raid Electric 45 night_5 3% EBT,
1% BHT, 96#nd thspdhe mseﬂefd%laf &t rslcppethy tiledarlﬁ% evipesraBethedstebhsse Ti e KD
oMb M Gk, Sl o e © 3 51
5 knockdown. The 45 night product showed a twelve minute lag to first efficacy.
The coil from a cold start showed a seven minute lag with steeper effect against the
mosquitoes. PPH represents the localized and cyclic heater and shows that it can
be operated with adjustable temperature magnitude, on-time duration, and
frequency to have very fast two minute onset and steep bioefficacy slope for such
10  reasons as initial space treatment and then can be adjusted for slower onset at seven
minutes and shallower slope which may represent a maintenance treatment,
adjustment for smaller space, or for personal preference.
Table 3 shows an important additional conclusion from this example is the
observation that the insecticide active was not destroyed by the intensive localized
15 heating. It has been shown that the amount of active released is that which is
theoretically needed for knockdown. Such theoretical values have 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
: @)
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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7116 7 3933 8116 8 7 978 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 Sinilarly, by the use of fragrance anBEhditan
panelist trained in fragrance hedonics, it has been quali tati veI y shown

that the qugblosYossd; a fragrance is also not degraded with {74&d cyclic
heating. The burst of high tenperature heating preferenti aI I y (am litates
vol atilization rather than degradation. Fig. 9 and Table 4 illustrate the

favorabl e pagtjicl e sizes created by the 15 operation of the localized and
cyclic heati ng of h r 10 20 30 40 50 0.3 umProfile 69269. 38
26828 17878.5 154593%F£9Ii‘?[¥£\8&%n€ Profile 57631.25 18322.38 10794. 13
8980.25 7921 0.7 urff 8..5.10181. 75 5176.75 4096.875 3425.875 1 um
Profile 39238 6952. FmmulmRajdloaiic43aeghso73. 75 5 um Profile 730.625 21.5
12.375 510. 625 9.75 10 um Pr oﬂ%EBE', v%BHT, 96%dsaBrd/ 25 -33 4 DEC 2006 WO
03/ 103387 PCTI US03/ Heéabet cyble time:hd®3smninof nol ecul ar vol atilization and
detection of particles results formthe condensation of the vapor within
the vicinity of the enmanator. The size and energy (retained heat) of these
particles is i rrportant in their post condensati on behavi or. Parti cl es that
are too |g S anea.

Large parf @95'85 2 - %mﬂ"i anp r"PFcuI arI bove 10 m.in dia -" dr nore
are affecped B9 gra and_w o) s us pe AP (a’?)r ar the
emanat or . | Becalse of thElf ack of Iloft the pdrticles afe not abl® to crlft to
| ower copcent2 ated areB® where tiey can rewaporize. @ontributifg to|the
difficulty to3revol atijiize is the reduced gurface ar@a per vol gre of| the
| arger pajticlgs, whichyyg 4 1 9 11

5 120 5 1 9 1

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 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

15  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
5um Profile  730.625 21.5 12.375 10.625 9.75

10 um Profile 5 0.25 0.25 0.25 0.25
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10 imts the amobunt of surface available for volatilizations. Just the
opposite is available fromthe l|ocalize cyclic heating nmethod of &[0 2006
present invention. These particles have reduced dianmeter below 1 gm which
are too smakhobmss@tt! e out from gravitational forces, arP%Thg%,f.,qf,ll to
deposit in human respiratory system and have |arge surface to volune
rati os such that revolatilization is quickly pronoted. The 15 particles from
the |l ocalized c hecheal Jb%ﬁ{ : & j d

remai n di sper se’(!j‘ﬁ'lé {r{fégl r. ‘B?’g"“"?g"‘g%‘d al%uél g@%ﬁgﬁﬁ é{t%f ea\@/%fefig e

t enper at ur ésnt thetcoadensatior b£theblaporvivithingths vivinity offthe efrianaoox THe sizeat er with
vari able current input. 20 Téng 5 0._(3 11.52 Am Tenp (F), Tenp (F) Tenp
(F) Tenp (Rydemgrgy {retpined hegt) afghess particles is Ampeortan in thein post condepsapon 3’ 69. 01

050 0. 55 PTAYIs FRRCIEh RigAs soulafe ek s ek ot itk 4 ghageckal ) 7y 07

exanmpl esi | kuffidear@S OAt8e PAHRASIJF2AUB #}tz{hdspﬁi'ﬁcﬁﬁﬁ'lﬁ SRR [ |Windf dedfet¥@r y over
broad .ranges. It also represents that final tenpe€ratures are |argely
achi eved oSmotc dE@feoRd by\gpavisy a0dedl faticiut ofsaspension imthenainneanehd i r st hal f

one-hal . < RBHEIoE e GLit8 ek SRS Rartples S APIA oA | BBIRH  hoat i ng.

characteri gt | ' ' I L 4 0 kate ranges
For use. wi {Picnird g yHlls y Tat 36z CoRBbuthE 1 MR AT °, 006
CLAIMS 1. fevolatiliazblietheppduced sarface arda perevalinng ofitheolaeger pertivlds] whichnt o ai r,
conprising : .a

P 10 J 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 smail 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

04 126.72 106.92 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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base ; a reservoir containing a conposition having a volatile active; a

hol der for nounting said reservoir to said base; a w ck having amn@hﬁﬁhtlng
surface and comrunicating with said conposition for delivering said
conposi ti ORybQs/fdksd enmanating surface; a heating el enent pepgphaGt W th
said emanating surface, said heating elenent receiving electrical current
pul ses having an on-tine duration of between 0.25 and 3 seconds, said

pul ses be'ﬂ&hﬁrtﬁb!'fﬁ’ﬁqxam’seéoﬂ%ﬁuncﬁ%ﬁﬂﬂ:aﬁmﬁé&% liftl téinplrafded heating
el ement to heat said heating el enent; source of power communicating

Wi th said ¢haage bgt\@leamnfha! ebesdt anghiwD sehenad& nihigexample canfirmsither i ze sai d

vol atil e actiyve. The id volatile active is
sel octed (RBH Heatns shamsRRBRE o e fin i peptind SEmiEnp wiRis poPromiathcect | ¢! de.

a pestici f owh regulator, a

her bi ci de%ﬁ@égof%érg?ﬁiednglf ﬁegdspdgragﬂdﬁrsemaﬂ]%d g%%?té% a nedi canent, and

m xtures thereof. 3. The apparatus of claim!]l mhereln sai d voIatiIe actjve
is an insect repellant. 4. The apparatus of claim3 wherein said insect
repellant is selected fromthe group consisting of pyrethrins,
chrysanthem c acid derivatives, pyrethroids, and mxtures thereof. 5. The
apparatus of claim4 wherein said insect repellant is a pyrethroid and is
selected fromthe group consisting of allethrin, d-allethrin, bioallethrin,
S- bioallethrin, enpenthrin, prallethrin, and transfluthrin, and

conbi nations thereof. 6. The apparatus of claim3 wherein said insect
repellant is 3-allyl-2- nmethylcycl openta-2-ene-4-one. 7. The apparatus of
claim3 wherein said insect repellant isN, N-diethyl neta- toluam de. 8. The
apparatus of claim1l wherein said hol der provides a renovable nounting for
said reservoir. 9. The apparatus of claim8 wherein said reservoir and w ck
are integral wwth each other to provide renovabl e and repl aceable refil

assenbly. 10. The apparatus of claim9 wherein said refill assenbly further
includes said heating elenment. 11. The apparatus of claim8 wherein said
hol der provides a snap-fit nmounting for said refill assenbly.
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36 4 DEC 2006 12. The apparatus of claim 1l wherein said wick is conposed of
a material selected fromthe group consisting of natural materials, fibers,
nonwovens, sintered polynmers, ceram cs, netal foans and glass. 13. The
apparatus of claiml wherein said heating elenent is an electro- resistive
heating el ement. 14. The apparatus of claim 13 wherein said 4 DEC 2006

el ectro-resistive heating elenent is selected fromthe group consisting of
awre, athinfilmand a thick film 15 The apparatus of claim13 wherein
said electro-resistive heating ele ga wre conposed of nichrone. 16.
The apparatus of claim 13 wherein sal eI ectro resistive heating elenent is
a thinfilmc osed of, tin_qxide. ereln
sai d conpgodi REEAPIFARRRIHS f%a'ﬁ%fs"é&ﬁ %ui\ﬁe %e@‘gé ﬁ@ggge%?&EﬂF g’l %\h

anbi ent 8ii 4 ©$EIVOIBCONtRINING A LOMRRSR ‘éﬂ"%al"qlﬂwf’t‘?éf“’lanﬁlh.? sprl ng
provi di ngnwrﬁmgca-;alddeswmtta.sal%aa%ﬁ rewickpving AR eManRINg $IHE sai d
emanat i ngosmbipicating vithTéeid sppaosition or delivenng saidivomnosiéen to Wldk i ncl udes
a rel ati eghandtingt sarfacesrcheatlg elenerd & doslemtaith sgidemaatingsdrfeaed heat i ng
el ement @s@ﬂi ﬁéétﬁ@aléi'nérht%céivm sledtricaleurféret pses havieg ein eh-tire 18 wher ei n,

sai d w clg Ss%gn@é sdi¢ @tsegrb%m Bfowided By @ paseeen said
gggg;gg d'éﬁhsrﬂ ﬂ,.t é% Sidr] aﬁ% §a1u¢‘.g @E'él@rrfétﬂgm

heat i ng & m UFS G BT § a‘?l@.se %aﬁiw \M%m SRt us
further F‘Q@é%mﬁ'"'EﬁF‘?’NQPBF‘BQ/F ypiatile active. ¢ o ITB.I nt ain said wire heating
el enment in contact with said erranatl ng surface he apparat us of claim

21 wher eith Tha apparaiis okclaim itwhereins saidoolafile ﬂdﬁVQ t$e56|g¢'f§dp'fQ1'Br’6 €sting of an
i nsect r epelp eohsistingiofisadhsedtdepekaniean insetticidanapestisidp; an,antiseptimgi ci de,

a plant & fungltidé o pRinmtigrowthesgolator & hebicade, i &is freshener apperfiume, aa

deodor antgeof@st aaiBAlcariil, Shdhitkigred theresf . 23. The apparatus of claim 21
wherein said volatile active is an insect repellant. 24. The apparatus of

claim 23 yWRgrel i Sahtk bISERH 1MGRE R Bhid vbiafs aehicd s 40 Mde’Erepeliant.

4. The apparatus of claim 3 wherein said insect repellant is selected from the
group consisting of pyrethrins, chrysanthemic acid derlvatives, 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-
bicallethrin, empenthrin, prallethrin, and transfiuthrin, 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 isN, N-diethyl meta-
toluamide.

8. The apparatus of claim 1 wherein said holder provides a removable mounting
for said reservoir.

9. The apparatus of claim 8 wherein said reservoir and wick are integral with
each other to provide removable and replaceable refill assembly.

10. The apparatus of ciaim 9 wherein said refill assembly further includes said
heating element.

11. The apparatus of claim 8 wherein said holder provides a shap-fit mounting for
said refill assemnbly.
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group consi stingof pyrethrins, chrysanthem c acid derivatives, pyrethroids,
and mxtures thereof. 37 4 DEC 2006 25, The apparatus of claim 24 wherein
said insect repellant is a pyrethroid and is selected fromthe group
consisting of allethrin, d-allethrin, bioallethrin, S- bioallethr§®( 200§
enpenthrin, prallethrin, and transfluthrin, and conbinations thereof. 26.
The apparatus of claim23 wherein said insect repellant is 3-allyl-2-

met hyl cycl o penta-2-e ne-4-0 ne. 27. The apparatus of claim 23 wherein said

| nsect r .%H@%ﬁ drandd oPidirdhWherBih 8aid Wick 3Tt oRpod8d of BAmarianat us of claim
21 wher g/t &g g&&r r&ﬁé#é Sg\}i] bEARYAD Fate RN FBA frg{nv?&\‘)eﬁsres?rvo' .

29. The @ ?)a t Ry g{agmg%l | sgrvmr and W ck ate integral
with ed!NLEhHEPHTEES: ST e §F iceabl e refill assenbly. 30.
The apparatus of claim29 wherein said, refi]l alsserrbl, further incJudes said
heati ng B.crshapparatuspEclagpdr whaeein sald hgatingeigment 1,38 18Pty re®tNG ovi des

a snap- fheatmgueiement. for said refill assenbly. 32. The apparatus of claim21
wherein said wick is conposed of a nmaterial selected fromthe group

consi st i g THe Bpparadls BRERIMAIBSwheidieeaid sleovevesistive Bealing elkmpaitysers,
ceram Csseiaaba:frérﬁ%ﬁ&_g%@p %ﬁ§i§’gi|n%f%f a Wife, 3P Alvanafa Mick w1 wherein said

wi re heating el enment i's conpose ni chrone. 34. The apparatus of claim 21

wherein i€ c 11 IS | : eIty | l¢-sqlid or
gol ot ari T gﬁﬁﬁfﬂty §ﬂ§’.a?r§5ﬁ Mg s L lrayEebira ngdtig aitidhasRy i ci
i ncl udesV%e COMAQSEY §f AIFREOMS., end  defining said emanating surface and said
heating el ement contacts said flat tip end. 36. The apparatus of claim21
wher ei n i theapraratus of slaimpbbwheeeie sais elpetratresistive heatirg glaeenrts Bace
bet ween théai filnwppogpiasedesfdin oikidéni ng sai d emanating surface and said heating
el ement contacts said side surface.

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.

21. The apparatus of claﬂn 1, wherein the heating élement is a wire heating
element, and wherein the apparatus further comprises a spring providing a force
to maintain said wire heating element in contact with said emanating surface.

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 consistingof pyrethrins, chrysanthemic acid derivatives, pyrethroids, and
mixtures thereof,
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37. The apparatus of claim 21, further conprising: a cover attachable to
said base to enclose said refill assenbly, holder and spring, and incl uding
at least one air inlet and one air outlet; and a fan nounted to nove a
current of air fromsaid inlet past said enmanating surface to caul‘srﬁ Le%gss
of said volatile active fromsaid air outlet, 38 4 DEC 2006 38. gl 200
apparatus of claim37 wherein said volatile active is selected fromthe
group cogeiTFiié QEp@ﬁat@é‘of Bl%ﬁ*ﬁtztf@ﬁ@félﬁﬂhbd 1a@e¢trrépenaml ige pﬁeﬂ*ﬁéidl andlie, an
ant | Septidected fidheioHSu g @,ﬂﬁ OF Qiféthr dﬁe@élléﬂﬁh bg: HHr 1] i an air

The appat SPLEH B E@E&Wﬁ Do TSI AATR s B Sl Sy

repel | an 40. a ratus, . of claim39 wherein, s repellant is
sel ect edﬁq r DR ?HBaméz‘l‘gGEC@HHSZ%Whﬁbe'%ﬁaWFﬁ?WFPH? ia% ﬁsg'fﬁ'%em c acid

der i vat i medhylgiplenantaizienedn@neni xt ures thereof. 41. The apparatus of claim
40 wherein said insect repellant is a pyrethroid and is selected fromthe

group cozipiFhe 8 FQifatad; bEthirn23 dhetdieshid insedti repellatiis Ny, N-Giethylaaktaet hri n,
enmpent hriphyaigal | ethrin, and transfluthrin, and conbinations ther eof. 42.
The apparatus of claim39 wherein said insect repellant is 3-allyl-

et hyl cy. C ereln sai d
i nsect rﬁeépce}ﬁzgéép (e ﬁ%"ﬂ%f"ﬁ%% %a?ﬂ?@é% QI%V?CEFZF é%@ogig)%!\gpat us of claim
37 wher eMPHOLD ﬁ] rreﬁ‘?rgmrdes a removable nounting for said reservoir.

45. The agparat us of cl aim 44 wherein sal d hol der'aé)row des, a snap-fit

mount i ng29+ bike gaparates pf Flaiysihwherein gaidniesenysirand wac ?fec'ﬂﬁﬁg’fﬁmﬁhmer ein

sai d wi cka¢ls othemio peovide ramonable and replacaablel réfilbassemblyr oup consi sting of
natural materials, fibers, nonwovens, sintered polyners, ceramcs, netal

f oams angp gT'lee appdratud becmpaagawner@tﬁ saidatefil Aésehthefunteriincibdes isaig el ement
is an el geafify elepserit i ve heating el ement. 48. The apparatus of claim 47

wherein said electro-resistive heating elenent is

31. The apparatus of claim 28 wherein said holder provides a shap-fit mounting
for said refill assemnbly.

32. The apparatus of claim 21 wherein sai'd wick is composed of a material
selected from the group consisting of natural materials, fibers, nonwovens,
sintered 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 cla;rn 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. The apparatus of claim 21, further comprising: a cover attachable to said
base to enclose said refill assembly, holder and spring, and including at least one
air inlet and one air outlet; and a fan mounted to move a current of air from said
inlet past said emanating surface to cause egress of said volatile active from said
air outlet,
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selected fromthe group consisting of a wire, a thin filmand a thick film

49. The apparatus of claim47 wherein said electro-resistive heating el enent
is a wre conposed of nichrone. 50. The apparatus of claim47 wherein said
el ectro-resistive heating elenent is a thin filmconposed of tinOKi dgm; 51.
The apparatus of claim37 further including a battery housi ng nounted on

said ba nd wherein said rce of power conprises gt | east e battery
recei vaa%éﬁw %%?%fa Pé‘?‘f"ﬁﬁg‘fvﬁgreﬁ%?glﬂo‘(ﬁéﬁﬁﬁ Gi“é?@f ﬁ‘?ﬁﬁ@%’f@ nt and
fan. 3d9raup cengistipgef aminseprepsiantapndneActicidn. @ REstCIHS. ey antifePisi ng ai r
regul at ifungicide, 2 plantigiowily regplates, a beducids, @ agdreshginer.cupedimeaér oss sai d
heat er aezdonant, @3Anedlvanmgtaaad usixhffes thereob2 wherein said air regul ation
means includes a baffle disposed between said fan and said heater el enent

to prevely THe &5parsil 8EEIath 375@hEreih SaRiWdISNE ML i$ah thdwrtréielRingnent . 54.
The apparatus of claimb52 wherein said air regulation neans conprises a

passagevgy il ) AGEOhIh 35Th LR inECQTEPLNARYs €8 ) fraf fhg Wi th
SERILR ea l  E
vapor i zdBXtEsdae¥Neat er el enent into said passageway as said air noves

downstream therein. 55. The apparatus of claim52 wherein said air,
regul at i4h Theaapparatys ofelaim 4abstaiesaid insectrapdiantds agrethiroidand isan
t hr ough sehectbd Seird thé group consisting veallethdnhdeallathrim, bivalethrim$Ss secti onal

ar ea, arﬁioéllé?chﬁﬁp@mg@ﬁm‘rﬁ, RaNethfin, S9d taRSMARARVGNA EHrbitgitionsithBrewdi d air
current noves and having a second cross sectional area, said second cross

sect | onaly A BELAR OLPBLE d0\BNeRf daid ik BhBRIESLIRRSL area to
t her ebyd,%‘ggﬁqeygf%?ﬁn\{eﬁg _é*é_}h_ggﬁsal gﬁg! rcur ren% gﬁr ough g);l d chanber, and
said he po I n said chanber. 56. The apparatus of claim
37 further including a pon-renovabl e permanent w ck . ti on engageable wth
sai d wi &3-drihesapearalys pf claggeﬁwﬁer%r’r.sam@%&fgpsﬁ% SN, N-2ieiganeer ¢ her
i ncl udi ig4@MiBgi d coupl i ng nedi um di sposed between said permanent wick
portion and said wck of said refill assenbly.

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.

46. The apparatus of claim 37 wherein said wick is composed of a material
selected from the group consisting of natural materials, fibers, nonwovens,
sintered polyrmers, ceramics, metal foams and glass.

47. The apparatus of claim 37 wherein said heating element is an electro-
resistive heating element.

48. The apparatus of clafm 47 wherein said electro-resistive heating element is
selected from the group consisting of a wire, a thin film and a thick film.

49. The apparatus of claim 47 wherein said electro-resistive heating element is a
wire composed of nichrome.

50. The apparatus of claim 47 wherein said eleciro-resistive heating element is a
thin film composed of tin oxide.

51. The apparatus of claim 37 further including 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.
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58. The apparatus of claim 37 wherein said source. of power includes
electronic circuitry providing pul sed heating of said heating el enent. 59.
The apparatus of claim1l, wherein the current of said pul ses ranges between
0.2 and 1 anperes per cycle. 60. The apparatus of claim 13, mhereipgtquﬁ
resi stance of said heating element is between 0.2 and 25 ohns. 40

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

83. 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 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
said passageway through which said air current moves and having a second
cross sectional area, said second cross sectional area being greater than said
first cross sectional area to thereby reduce the velocity of said air current through
said chamber, and said heater element is disposed in said chamber.

56. The apparatus of claim 37 further including a npn-removable permanent wick
portion engageable with said wick of said refill assembly.

87. 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.

59. The apparatus of claim 1, wherein the current of said pulses ranges between
0.2 and 1 amperes per cycle.

80. The apparatus of claim 13, wherein the resistance of said heating element is
between 0.2 and 25 ohms.
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