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HEAT CAPACI TORFOR CAPI LLARY AEROSOL GENERATOR SUMVARY
The invention relates to a capillary aerosol
wW@ems/natias , a conponent therefor and to a net hBdI/iR2007/003701,
generating aerosol. According to one enbodi nent, a
heat capacitor for a capill'ary aerosol generator

h h t | that ch es phases
ot 5 HEATeeAPARL O FOREARIUAR CABROSQL GENBRATOR ur o

sufficient to volatilize liquid material in a
capillary passage of the capillary aerosol generator.
SUMMARE or di ng to anot her enbodi nent, a nethod for

Ped Hvehiid rad@b938a éé%ﬁl%ryaa&%é’éllgie?m'é)’at&e OSPhpHEREIRI&br and to a
ri sing the heat capacitor t ho conprl si ng

methOd&f%nf?fq{@g?quSPbl ent energy to the phase change
N@ddﬁdﬂlh@' ’tot ené @h%dhﬁ@]tpléaﬁgatc Béﬁbﬂ:ﬁor”%reé' ﬁipllfaﬂ/ %ftﬁ}r%? generator

ases and su n material to t capi |
°°mP”Sﬁa§9‘§lj*é ﬁ@%‘ﬁ\aé@aghawg@nm phasgp aéaﬂ@mp@r@ttg@ﬁpm@mﬂtely equal

to a telip&itr® sufiRieht @d“vé’laﬂ&é%hﬂ ma¥rdl Ih§ c.%%ﬁ’l‘a}y] ﬁéééage of the capillary
passa to volatilize ltquid materi al e

aerosolggB@ra?oéfy passage. In a further enbodi rrent a

Aeqdrdih@ny amefies dmudantdnit Qrmé’tﬁ&i’rféﬁ&&é‘atﬁ@péérjo%lyuses a capillary
passage and a_heat capacitor conprising a phase change

aerosol gangraey COMppiSig Hﬁahﬁjé§aﬁﬁ<a@ésthatmathpérﬁﬁmpaweesupplymg sufficient

energy fbﬁﬁé @Kaéﬁiéhﬁnbe efHtedal idcausk Wﬁ{a%b%ﬁnéé%fatéibﬁﬁtchtaﬁge phases and
ilize pr%w d material in the_capillary passage.

supplyingojigéid perRbY (e GRPRFRE BRSSRERG The. Rhagar shange material supplies

sufﬂCIentlHeuStortaé Giguia redBiidl| A& YhePQapMRP) paReE abQoldtiied ligliid thaterial in the
ase change materi al, which serves as a heat

Cap'“aﬂp%??é 89%0r. DETAI LED DESCRI PTI ON OF PREFERRED

(IENBEI N Ribofinh@at a capifarytdirodob gdhsatd SRehJN_ES 'ancd‘pﬂfary passage
V\Athacalllaryarosol enerator wherein th
and a figgh CAGHRS PB’F‘PE%%r% phese, Cﬁﬁfggee ey o Whighe pages pghases at 3

temperatisrecagpeddmnstelyt Suapby agem| §@ﬂjré|s@ﬁwleﬂﬁf&$&bt||&8ﬂﬁ0@tMéterlal in the
refers to capillary aerosol technol ogy, as describ

capiliary pasSRI\ 5 743 251 . the

BRIEF DESCRIPTION OF THE DRAWING
The Figure illustrates a capillary aerosol generator including phase change material,
which serves as a heat capacitor.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

A heat capacitor is disclosed herein for use with a capillary aerosol generator wherein
the heat capacitor comprises a phase change material. As used herein, the phrase “capillary
aerosol generator” refers to capillary aerosol technology, as described in US-A-5 743 251, the
contents of which are hereby incorporated by reference in their entirety. If desired, the capillary
can include a constriction at an outlet end as described in US-A-2005/0235991, the contents of
which are hereby incorporated by reference in their entirety.

Specifically, a capillary aerosol generator includes a capillary passage having an inlet
and an outlet. A phase change material is positioned adjacent to at least a portion of the
capillary passage, but preferably in a way that provides a heated zone around the capillary
passage that maximizes heat transfer evenly throughout the heated zone. For example, the
phase change material preferably surrounds at least a portion of the capillary passage. The
phase change material is preferably contained within a tubular housing. The tubular housing is
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contents of which are hereby incorporated by reference
intheir entirety. If desired, the capillary can
WO p@BMO3K44e constriction at an outlet end as deBCY/iHrear/003701
in US-A-2005/0235991 , the_contents of which are
her eby i ncorporated by reférence in their entirety.
ecifically, a capillary aerosol generator includes a

pfefefafigﬁlzreﬂ SPyAS, @a'@ta"h sontag katween te ringeshapge meteriah especially the
phase ¢HAAGE rEdtans SyiEd Rid & a'Iﬁuﬂoﬁﬂatsboaﬁ@ tﬁéjlcé‘ﬁﬁ’é}? Ha@saﬂe The tubular

| east _a portion of the capil passa

housmgp\sel?fsfea?ﬁ'x/ WrAPRed g hﬁ@tngpwmu WBish Anaven @wute&pb andoiaedelectrical

leads cérecteitolil. arhe BREFAS Feddiadre MBXIEBIEERD &BaNet §u’i{bﬁ/f ?Feferably aD.C.
eve&guet hr ou hout the heated zone. For exanple

power YRR ﬁ%ﬁfépr H12Y fhecare Adb| RPWEY] SHBRIK §4CIaas e plactrical socket.

Preferrdéprdhb%] &fangé]em‘é%ﬁbis| MolidB2gsPERamplee #BSRICEANSR with various
preferably contained wthin a tubular

°°n°entﬁ%tl9§? ﬁgtm fm%!% $iET 2/ HAnbmegy ?@?fpteﬁwsﬁwlgr biggue as
Mll@@bﬂbﬁhﬁyCldénél.%he&ﬁbl’ﬁeeﬁ'ﬂelb&ﬂcﬂrb%’éﬁetcn'ér&ﬁvéff%hﬁﬁly %Hay also be

ecially the - phase chan%e material when it is

fep'ace?'iﬁg and f‘iﬂhésg@abﬁrﬂfdtrn%v weAe dayigepaicdage oIt AsuNgie preferably,
a battefy0 usmn Bort&bld bpﬁlﬁﬁaﬂMSY tHE PBREH sUpBI nitabé "égréﬁlarcﬁablé\hfé‘chargeable

e i nsul ated, and has el ectrjcal | eads connected

vattery (5% (25 PHE @) X% P el Sde YT ct Blgkelo cadmpgie pattery cells
connect%dﬁmseneé)fvﬁﬂ"leb&b{a‘y l%rﬂogde@QWgeSHipﬁ%)MoﬁHfétbl)aﬁw to 5.6V . The

carsc RS e Bl R i S L ks harsctrti

of otherlcﬁﬁipud@ntsf)ﬂme@éQMﬁy@erdéongé}%ﬁ?ﬁ@{ sol der (Sj/ with ;/ar| ous
or silver and/or antinon

R 0 isEP e gt PATSRIMISIGT droBAKST SHEpHLE I heating wire

that is Wirappéd @ebundotie 20b@hERUSIMA th&raBK Bbatirg e NSHARE chERGS Ynaterial and
bIe and rechar eable and

causmg-r{ﬁ%f) l so%]%{e?g%e | ac ccg@nge 3grped@m r@p‘l a ﬁ@,lfdephasg to a liquid phase.
Thus, ther fefrasdihduid pﬁaébaétb@@)ene@r toises teaéﬁs@daw@nltﬁ@hqm@haééﬂm@tums to a

sl R R SEABESREIS, LSEIREIRELS e porton o e

capillaryl paslsagmmﬂ thisHeats tha@tmbﬁ}ob&tetﬁpﬂla@ﬁﬁés&ag@wmmtﬂm sufficient
atal , non

o volatEelh alesninals g leiso e hrasédranliy Brrsapc ghe tiuid matera
introduced dalithes tieated tdaplllpWSSScﬁprﬂ yolatiliged AAWEY @fivers 8litesitiRd oufiet of the
view of t er_conponen
caplllaryC ggﬁaggr yﬁlﬁ%rvgég ge F”'XanWSEe%’B'?'? air &u%&er pf:ine capillary
passagd ®adisn Bin aeafsefwhndwefayfor omytrhEb@ewend@sﬁdeaérlesdlhe
eating W.re ed.around the tu .
oo WikErbf wiiiarh B8R B LS colipgh e e ety aerosol
generatmawmb@chi‘@apé'matlcehan@ tmbﬁmmﬁhatél@ tedadnge tufuldr housing around
which it |§(‘aln£pped Igoorrgx%ms eI 'trtlje R a“sn% \F\/l?e ?nay t?e”' d
diameter of 0.2mm (0.008 inches), a resistance of 43Q/m (13.1 ohms per foot), and a specific
heat of 460J/kg/K (0.110 BTU/Ib-°F). The composition of the heating wire, for example, may be

71.7% iron, 23% chromium, and 5.3% aluminum. Such a heating wire is available from Kanthal

msulgg%lse?rid/or have an outside

Furnace Products, Bethel, Conn.

The capillary passage preferably has an inside diameter of between 0.05mm and
0.53mm. A particularly preferred inside diameter of the capillary passage is approximately
0.1mm. While the capillary passage may be comprised of fused silica or aluminum silicate
ceramic, other substantially non-reactive materials capable of withstanding repeated heating
cycles and generated pressures and having suitable heat conduction properties may also be
used. If desired or necessary, an inside wall of the capillary passage may be provided with a
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Thus, the fornmed |iquid phase stores energy, to be

rel eased when the |iquid phase returns to a solid
web@se3sivhen heated, the phase change mat eri al PCT/IB2007/003701

transfers heat to the portion of the capillary passage

and thus heats the portion3of the capillary passage to

a tenperature sufficient to volatilize liquid materi al

coatingtferaiedueing Herteadrnsy of eatgrial trestickdo dgpwvall efrthe sapiary #assage, which
may resii€ir tiB84difg "HthJ E&ildrn a8 e@ d;?r@feHB?y QSﬁﬁg Qe 3lpétja|n‘?és\§ steel or

passage 1s volatilized an I ven ‘out e out
glass. of the capillary passage. The vol atilized naterlm

DigsRismatelid) |§B@f§r%ly %tfodﬂh‘%éln@c?th%fcabhggcp@a%éééafh)‘mgh an inlet of the

passage to forman” aeroso
caP'"aﬂc BARREHS ﬁpnfaﬁ?t%wc%%ﬂurcenafém@bmaﬁgawv@ volgiiligas magenelas giriven out

of the cHGRGY @b%g@ﬁhr‘bh&h HRTBUMBES e hpildiF padabb! ary aerosol

ener at or has Such characteristits soas to

Phesaianathe phaseshangremetssial isrhasinssiorryphase ahangm tempreture from
an abuh&an%ﬁ&ﬁ?@our%@r T%ﬁ@”fﬁé %a&@@hi@@tm%nﬂ srt&egﬂ)éatb e, when a phase

i nsul at ed and/or have an out di aneter of

change rpated chargrssiom g splid phasgriee lisicuhase lneet stpr@mwdh@éﬁwd phase is
releaseHmee}l th@)riawa phBSE rdtlihs h@ e Q5I|d4]§pa§é)< WHcH - sed o fgenerate aerosol

he conp osition of eatlng W TrIe,

over tm@x mxgmphagre@gerﬂiamquuﬁ o6 seggwcwﬁfgﬁ@bjyrpt lgast abogb4 minute, more

preferaBly léﬁblﬁttgnmrﬁ}t@&‘o B8Rk Mhe W& 8f stdredViidt #Ping Jh'égénchange material to
Kant hal Furnace Products, Bethel, Conn. The capil

ry
generatg AeEesoh OURTIeR aRRRleTarReralion Alsthg @aaillawaeé@s%ﬂewmﬂémote from a

large eRergpreBurad A. s'ﬁ?dﬂ”énef?yp%drbé UWoRlekd¥mPBlee bedhAfpatis, dtﬁay be used to
di aneter of the ca passage | S approxi mate

suPply BLPEIRFENH e DR PR C)anaeasaa ol t@dﬁﬁ‘?%é@“éfgy lost or

energy L5 g%hlal*a‘ﬁﬁg QérosblRdBsRefdbly Biaingirt tHedHaSe cﬁ’érﬂjér material in a liquid
phase. W%Pstantla non-reactive materials capab

RRleERA ah& POy eRe Pensunning Eom@gwé?nobvgewwatw" amounts  of
electricflle@8 gy tRSughtHe haatm@gmﬁéwa@pb@ aRRMAl tikONBUIaE hising.
rti my a ? be used. If desired or necessary,
gﬁ Bﬁ g“%ﬂﬁﬂm%?“al RETeraBly| ghapges)phases @t pedpmperature approximately
equal t@@%rﬁﬁ@l‘atﬂré rsuﬁmat it Yolalilizd BEUE T Mstetifiint 8Ni@MEY Phssage of the
tick to the wall of the capilla

|
Cap'"a%a?gg%%gg Genfp PRSHIR, 55 St GBTEHY - SPREXEBIPY| egupl to" refers
preferalfia$s ag@mpérat@ﬂ@feﬁ’fgébif ysooco gwatéretﬁa@fa témperahﬁ:é suffitiest to%latmze the

liquid n%}pélaigquhpﬁ%rpgerggg cngﬂtrtalyg%tlg;g ﬁgb%&%gtgﬁée%olre preferably to a
temperataRi Fdr@éyofpmgﬁeatémﬁh@ﬁttﬂd tt@m@emUéC&lffﬁfedtltéIWcﬂhtlhze the liquid
materla[rﬁ ﬁg é%rpp? p.y giéétetot\@?faél%ﬁ{er{ li?’lﬁ%?llal\égﬂ@ %gén (r)nore preferably
to a temp@bidr@ramg@asfsme greater than the temperature sufficient to volatilize the liquid
material to the temperature sufficient to volatilize the liquid material.

With reference to the Figure, the capillary passage 10 of a capillary aerosol generator
has an inlet 30 and outlet 20, as described above. The capillary passage 10 is surrounded by
phase change material 40. The temperature of the phase change material 40 may be
monitored by use of a thermocouple 50. The phase change material 40 is preferably contained
within a tubular, or tubular-like, housing 60. The tubular housing 60 is preferably wrapped in
heating wire. Electrical leads 70 are preferably attached to the heating wire. Preferably, the
tubular housing 60 is surrounded by insulating sheaths 80.

Examples
The following examples are provided to be illustrative, but not limiting.
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In operation, the phase change material is heated to a
phase change tenperature from an abundant energy
W@ ousomss14Thus, the phase change material stor eBCTEE107/003701

{i.e., when a phase change material changes froma

solid phase to a |iquid ph4se, heat stored in the

liquid phase is rel eased when the |iquid phase returns

to the solid phase), which is used to generate aeroso
Eanmgqer time, for exanple, greater than about 10 seconds,

preferably at |east about 1 mnute, nore preferably )

Ab@mpy&rm gimoéyamrlzgs/@adseat amexinetelnf 981G rae ghareaghange material
with a rﬁ%?%e@rﬁnaeci %Eﬁﬂg)ggr}d;% géuﬁ fo ?ﬁ%"@‘é\&%{lﬁ)gor;vﬁ%; égrﬁmgéh AU&fgy to aerosolize
propylege glycelt Rifferential scanning ealorimefey regulisgijors a9&e tmﬂ"/s géver alloy reveal
a heat S{IRRA %8 and %fmﬁmmbfﬁ of 281, | AB@&rEﬁ@bpo € 98% tin-2%

suppl y suppl enment energy to t hase~change
silver soteierds ipkcedl iin thedebularchaqusingeaithehFighisr glhe eapillapt passagegys a stainless
e r fer

steel tuHﬁ Q'hé %RQQPE I'?éta'téwtogﬁe{eﬂﬁa%lratﬁr'édoj%? (E %%¥aétﬁé<{l‘529ﬁbrﬁ1%€ouple by

mat er i ase
suuoplynmwerrwm 1!6eW§ti§>|m thedtubpilgr h@uamrtl@ugbythglﬁl@tm‘@l {aagp|via heating
wire. AﬂQP%@tsgld%F |s%§i?ﬁe{1ﬁe‘aaét aec@ﬁlrlpgﬁatﬁrg o %7@1‘(‘” h @ %Eb&gjs"“lﬁeepower to the
aroun ubul'ar housi ng ase chang
tubular ﬂmugng as tyned effah youmaw@heqon@@é@natglymf) &rﬁ‘@r%ﬁtnﬂa& at a rate of
0. 1mL/rﬁﬁ’iBfe°XAéFB§cﬂllé’ Efdidbkd ﬁ‘d? 1amrn%fg’\ﬁ£ @fo‘r’écﬁhéé{frﬁ tHel &Merlafd not an active
l'1ze %UId material 1n a capillary passage of

heater. t he cap| [ ary aerosol generator. In parti cul ar, as

used herein, "approximately equal to" refers

preferably to a tenperature range of 30C greater than
Examplgs 2ehper at ure sufficient to volatilize the liquid

m&@&rbl@clj \A)é%h? Bﬁs&l@é?’ﬁ’sebl%éﬁ @ tﬁé‘iLﬁdeél’@’BhSlh@ of MedtiflireZ &he solder is
material, nore preferab toate erat ure

heated aaﬁwt%meﬂ@g@g}t sathat ﬂ%a@id@rrf@ws efnalv @r@@' ¢icapiiiay and when

cooled ttc? sMﬁH frinl Ittt/ lhtllﬂﬁiedcdmé&rvhﬁ*ﬂ theOcdpii@n). EMRB sdldér §s heated by
ficient to volatilize the liquid material, and

passmgran eclpntegab caEeyt thaugh ﬁ@rﬁé?tﬁlgthﬁe’r‘ﬂh@@ i fWrapiRd @w@aéethe tubular

housind. "Aheh Be {RRPERILI6ENE WbldeF teRhed s Hﬁitﬂb'ddlrﬁethbhémperature of the
id mterial to the tenperature sufficient

solder amqtaw thesdaiplges Pteauvee FRIbAIPS Fairly eqngtent wptd ol ﬁé@emlqerﬁé‘as melted.

Once a'ﬁ' SURE soldee hadRhéiedr ﬁoﬁﬁﬁléag\%aﬂﬁb Qburl iBalRiaké e/ temperature of the
erosol generator has an in 30 and outl

solder g@gqﬂd, i dneliing, Eempriaiugsa iR |t}pea,t§m%ggléeg@f ioe ?\gater %hus when the

temper§t't!d‘e,r &und QQdSerébhﬂsstS ri%@ FAGBatiRt R phdte ﬁél,lefa'&tl%n the electrlcal current is
nperature of the phase change rmter

shut ofh G0 Fop TP wpeﬂg@gmw'weslm 830 cspl il %ﬁé%ﬂb mass flow rate is
startedChaNEE fERiRYdiale 4P ths sBldef,eamblagrdsdntq@ibitgdas visually observed, are

monitored. Results may be found in Tables 1 and 2.
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within a tubular, or tubular-1like, housing 60. The
tubul ar housing 60 is preferably wapped in heating
wowes/o3dhectri cal | eads 70 are preferably attar¢EB2@7/003701
the heating wire. Preferably, the tubular housing 60
IS surrounded by insulati nggsheat hs 80. Exanpl es The
follow ng exanples are provided to be illustrative,
but not |imting. Exanpl e 1ahle bropyl ene gl ycol
vapori zes TS at approxXi Tggigy 1900C = phase thange
mat érial w anelting point of approxinately equal
to 2300C wolil d provi de enpMgitingrier ggattal aer osol i ze
prop lyc LEf er ent i gcapni; clal ok ry
S o L L L L
of fusion of 55J/g and a pel/tG¢ ng pd(¥a) of| 221 OC.
Acc . . /'Hlfl T 989t r29t-stver—sotder—=s
pl aced pn the tubuf ar housi pgqof| thesFi gyre. he
capillary passagés sivem st ainl esq steel tube. The
sol ger—Tshgat cnbst%)ﬁﬁ tenperatufre—of—23786—as
meagureg by|thernocodpl e, | bgoguppl yisag a |powef 765 16
Watis to the tuBld givehous| ng t hqugh the gl ectrical
| eags—veapattngone—AH-er—-He—sel-der—s—rai-ptahed
at a tenper iturewm"ﬁwc for 10 [seconds, |[the power tp
t he| t ubul ar | ho®s$t egppes, t ur ned of|f. A punp supplies
propyl ehe g|ycal of 9 Lhe capiPParly atbla rgte ¢*.858
0. 1fl/ mi nut ¢. %ear 680 s fenerated for 1|minute via
stofred heat|i 0.2%enthobrder | and not an actijve heater.
Exapptes—2-pA+regorded—weight—of solder lis placed in
t he| t ubul ar housgﬁ%f"b the Figune. The salder is
heat ed abovp i 2% o®pger,ng poi nt so that the sol der
f1ols udi f o} nd ound the 3di |l ar $1and |wherd.8a8ol ed
to polid f0'm¥)98?éf'ﬁv§r’i n jntimate contactf wth the
cap| | l ary. [The.2%phautemoriys heat ed |[by passing an
el eetr+eat—turrent—though-the—heatingwre—which is
wr apped around the tubul ar housing. Wen the
tenperature of the solder reaches its nelting point,
the tenperature of the sol]_d@r and thus the stainless
steel tube remains fairly @3fgtant until all of the
sol der has pelted. Once aJl of tlhe sol def has nelted,
conti nued hpating would ijncrease the tenperature of
the| sol der peygRbstGy&R! [ting te BPUENG ¢ t o-1HeY

tenperature|l of t'he heater|. Thus, wig@ol hg :
pExample Mass Flow Rate | Time /s fao Required for

11%

AN ") %4

Volatilized | Volatilization*

/(mg/s)
/mg J
2 0.86 113 97 117
3 1.72 94 162 194
4 1.72 131 225 270
5 - 171 -

*1.2 J are required to volatilize 1 mg of propylene glycol

In Example 4, the solder was heated well beyond its melting point. The energy
theoretically available from the heat of fusion of the solder was about 235J (61J/g x 3.858¢).
However, the energy required for volatilization of the propylene glycol for the observed
131 seconds was in excess of 235J, and more specifically, 270J. Thus, the observed

131 seconds during which propylene glycol was volatilized was longer than expected (ie.,
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tenperature of the solder begins to rise, indicating

conplete liquefaction, the electrical current is shut
wotdosassi4a punp suppl ying propylene glycol to PEEIB2007/003701

capillary at a fixed mass flowrate is started. Tine,

tenperature of the solder, @nd aerosol quality as

vi sual I%é observed, are rmnltored Results may be found

235J/ 1+3\'/m%{6| gna/santil4). THYIheut wishingeo betboupd byzary theeyyi 2 is believed
that allté? tH@b%dy'ehé %ly%omaé)f/olgﬁli%@éflo@ﬂﬁ gixéf Gile ré&{?loﬁxﬁ‘@%uﬁhér believed that

dér was heated we beyo
the eansé aéwab@yfmrnélaﬁ %Qld@aemyemrta heat of fusm afibd Jdgea%ssgmmg no energy
f b
ose i S2bq0e0L, 85,00 SSMSEBLIN (2 FRP T SToJo R o
volatilizy gfyefethe gropylene fgiycod h@ugbérefr welglen Jikely eprovided varsatien than 70J/g.
Accordighf % ﬁ%fted?@aﬁti'es f@FgeséIS{fj %sﬁf?ﬁ%b{nﬁ %lrhl}ﬁrmLfnY Qdiue H}%Ierg{%gﬁowded by

observed 131 secon ring propyl ene
the soldgq aftieating & thgasoldes hgyend Hameltingawintdnay result in poor aerosol formation,

which (‘r\aygbe Indifidd %9/ Vidi/al oEgerr\VEt{uﬁ'l or %?1453 r\@éﬁlﬂ%‘?roﬁqa Pli%akdown of

bound by any theory, as elleved t
propylegie glydl-pr opyl ene gl ycol was voI atl I i zed during that

tEERpRES ] \Qﬁh nbtprd)p“ylén‘dzr él?@d’l BRI (i 8Y &9 1o0RL wéé@u;?‘ﬂkg& 9 the capillary),

avai l able fromthe solder exceedéd its
was made D1dpteminesRAYYAN IRFSnbe- eprRWeyNot Biarsferied-ioarrpipidens glvcmt usmg a given
mass §FQ& RS il feealiRe- o"e@cnﬁb’e‘?thLlgl.(ﬂau7 Qoldsﬂwgl(c')o?'nﬂdﬂr%t|§5899|e solder was

in order to volatilize all of ene

heatediapgwhantbe dimpripturg gidhg setdswaalénec{;utse@@ Pg PRiR t?;@tnnyoerature of the
solder ASRAREN RiHyYeonsht hhtﬂtaﬂ%f‘ﬂ% $88eri Rid MeRdd. QthgH%%é)Esmperature of the

i de a mnimum val ue for energy provid

solder §6Q%F° g6 41diGRgNG COMRISte; BWP@?CtBéy oﬁlwt@ce\hﬁw@ntgwww off and a

timer WeRYstb@Sd!l Asi the RRREricAPE@FEHt vy M'o@fnwhé’mth%hteﬂ%léraﬁ@re of the solder
i dentified by visual observation or an odor resultin

began fq gk, HHfSHfRSRAUATO =15 BR8N Beriew PLsa tSERelipg Bot, and the energy

availabld frBmnBe RoRRY WAOR! IH ¥§@AI tB'GﬁWg( iits Pieat HOfubjoAUI theiifer was stopped
apillary), was made to determ ne

when tE%\%EI:dIenF im}r? re:al?:geg a&m@?ra 9 earalefits meling beipt obiHse@ower loss of

1.4W c@lnw‘eobalculﬁtbﬂ @oraEXHnVrﬂé‘ 5MB&Scopdingly, k@%r&@bﬁ&iwérr}e&uhﬁement may be
ove crlbe ul ar housj ng confi guration.

calouieftif HerddBi e dafeulatetheonardnes B saleiiated paver SRigpment o volatize 2

given ragsgler pﬁo@ﬁéh@@lyhblsué'ﬂij tHeNghri@inftdss df REKASIP8613éheh8fsame tubular
remai ned fairly constant until all of the

hOUS'“%P'&T@PF%'aa nmel ted. When the tenperature of the sol der
VegiRNthE Prédesihg Examnsied HiRBloS® fathfigeadrosdl Ffoat bidpient Rycol, the use

of a heak ca;tae{clltgra Ias (e:lucrorm(?orc}|t’|e|¥¥a % asgéﬁua%f/ ger%rs]gl gaenerator is not limited thereto, and
may be useful in a variety of aerosol delivery applications, for, as noted above, its use enables
operation of a capillary aerosol generator remote from a large energy source. For example, the
heat capacitor may be useful for inhaler applications, e.g., drug delivery. Additionally, the heat
capacitor may be used to generate flavored aerosols, which may, for example, be used to
simulate a smoking experience.

While various embodiments have been described, it is to be understood that variations
and modifications may be resorted to as will be apparent to those skilled in the art. Such
variations and modifications are to be considered within the purview and scope of the claims

appended hereto.
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timer was started. As the electrical current was shut
of f when the tenperature of the solder began to rise,
wo b@ssstider shoul d not have been heated beyondPCT/82007/003701
melting point, and the ener gy avai |l abl e fromthe
sol der woul d be equal to 61J/g, its heat of fusion.
he tinmer was stopped when the sol der again reached a
CLAI enperature equal to its nmelting point. Thus, a power
| oss of 1.4Wcan be cal cul ated for Exanple 5.
ccor di ngl a theoretical power requirenent may be

1 FRTPSR %69 RPN AT R @gnergioscenPhsing @ neas sapaciter, wherein the

heat caphditol a:bﬁ@n@éls\/\@fpHa%G%HaﬁﬁB%atbﬁath‘hlaﬁbhéhg?e% 9hé¥e¥e£ a temperature
usi ng the same mass

mass, of opyl ene col
approxgReah R LB PP IrE SHEICRT b laies uhmaterial n & oapilary passage
of the capillaryjasraédl @enerd¥or! € t he precedi ng Exanpl es di scl ose

form ng aerosol from propyl ene glycol, the use of a

heat capacitor as a conponent of a capillary aerosol

2. géeetomimnehSoMOkairh I1mvﬂ@de|ﬁ S Sﬁé’se &%g%ﬁat@ﬁal“&?ﬁﬂ#keé Bolder, the
f aerosol cations, for

ari.ety o ver¥ [
solder ﬁgpg@l%%n or mere ntal Sé? %g}%ﬁrp% cmsus&mggﬁhm |sayej=; antimony,
bismuthetopper, aeaaha:harorfsaﬁ@bef.from a | arge energy source.
For exanple, the heat capacitor may be useful for
i nhal er applications, e.g., drug delivery.

3. Athei coimpoakhtyof Cldig Zlmteréhﬁﬂ’@(éloto@ef cOmprifes 39ed tlh@% silver alloy.
generate flavored aerosols, which may, for exanple, be
used to sinmulate a snoking experience. Wile various

4. ditie abrmpentist dfaCiginh ¢ewhelemcthe phese charige mateh8l surrounds the capillary
passa Lénder stood that variations and nodifications may be

%esorted to as will be apparent to those skilled in

the art. Such variations and nodifications are to be

nsi der ed VVI ur.vi.ew and scope of the clains

5. IBRSHR R, Glal Ar DB 1 pBiso R oeteTigbis gonisged within a
tubularﬁhkebsaﬂ;mg}ener ator conprising a heat capaci tor, wherein

the heat capacitor conprises a phase change rrateri al

t hat changes phases at a tenperature approxi mately
6. é’haadontp@nanttcﬂr@ialn'aﬁuwbe&uf fhiectuibuar heusiy Btitabped Wit Heting wire,

which HE@te‘?Jétrféal I'eadé"‘g\?n egqr¥thpassage of the capillary

aerosol ~gener e conmponent of Claim1l,
wherein the phase change material conprises soI der,

7 el eI L PP ol ver. ancimony,

a capillary passage adapted to form an aerosol when liquid material in the passage is
heated to volatilize at least some of the liquid material therein; and

a heat capacitor comprising a phase change material in thermal contact with the
capillary passage;

wherein the phase change material changes phases at a temperature approximately

equal to a temperature sufficient to volatilize liquid material in the capillary passage.

8. The capillary aerosol generator of Claim 7, wherein the phase change material
comprises solder, the solder comprising one or more metals selected from the group consisting

of tin, silver, antimony, bismuth, copper, and combinations thereof.

9. The capillary aerosol generator of Claim 7, wherein the phase change material changes

from a solid phase to a liquid phase; surrounds at least a portion of the capillary passage; and is
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bi smut h, copper, and conbinations thereof. 3. The

conponent of Claim2, wherein the sol der conprises a
wWO3MB0B814£% si | ver alloy. 4. The conponent of EIHIBROA/003701

wherei n the phase change erial surrounds the

capil l ary passage. 5. The conponent of Caim1,

ienghR Jhe phase. change material is contained within _
contai AT 2 OF BORE S %gqugwsmmmap@ﬁd wyithiheating wire, which
has elagirmablends baldérebtd mr housing is wapped with heating

wire, which has electrical |eads connected to it. 7. A

capillary aerosol generator conprising: a capillary
10.  peseiiye fadgpteeatingaeheyorusing acsaphaly adiesbl hbakthdr coTprising the heat

: j in th ssage.i s heated to volatilize a
Capac'@éﬁ(?fag%&Etﬂan%ﬂ(ggF?rﬁ‘%fsﬂq%teri al therein; and a heat
ma@ir@osuﬁdninfrpre’r@!'g{yﬁtotatﬁehﬁ&e? ltblhaﬁw e *t@'ca#]sfé the phase change
: ct Wi e capillar assage; erein
mter 5 Moe B o B Bt RS 2V
tsepplyingtliguie reatpriaito thet cipillagpirbagesy a tenperature
i.ci 0 volatilize |iqguid erial in the o
Mcrofigh brad B yniidla uilbies, dient Poatlo hefavitrateria in e
capillaryfpagsagientonolatiiee kjuid tateriahindiee chsiRge pa&iagk] al
i solder.  the solder conprjsing one or nore i )
3@{&%@ %/glzc:]tllz%tdggauﬂ Iglﬁfe{lﬁglsgcflgﬁrb on‘gﬂgsqigtqgﬁﬁa@f Passage and mixes with
ambieng airyeformaaerassbny, bi smuth, copper, and comnbi nati ons
thereof. 9. The capillary aerosol generator of Caim

7, wherein the phase change material changes froma
1. Jbpimetbhdse Chim 10, uiateiphagplyirgehogndd fe peRSt change material

-nanti ' I assage;, and i scont ai ned
comprifiicefif e i 1ERRhG LR oR BR S A bR ARG Bl ng

wrapped with heating wire, which has electrical |eads
12. tQ Al . thod for generating aerosol )

TEbue i, 16, el Vel SRR E1 rom @ soo
phase thediquistpmset or of G aim 1, the nethod conpri sing:

supplying sufficient energy to the phase change

material to cause the phase change material to change
3. phageethpd oh Glaim r wirasie the Houe ghiase [thaskirs 3Rt to the capillary

passage.

14. The method of Claim 12, wherein the liquid phase is at a temperature sufficient to
volatilize liquid material in the capillary passage.

15. The method of Claim 12, wherein the liquid phase maintains a temperature sufficient to
volatilize liquid material in the capillary passage for greater than about 10 seconds without
active heating of the liquid phase.

16. The method of Claim 15, wherein the liquid phase maintains a temperature sufficient to
volatilize liquid material in the capillary passage for at least about 1 minute without active
heating of the liquid phase.

17. The method of Claim 10, further comprising supplying supplemental energy to the phase

change material.



supplying liquid material to the capillary passage;
wherei n the phase change material supplies sufficient
whe@s/ 088144 he |iquid material in the capillary PeEEge,/003701

to volatilize liquid material in the capillary
passage; wherein vol atilizéel liquid material is driven
out of the capillary passage and m xes w th anbi ent

18.  dihe rethed phClaim dgomherein supriving sHeriedente) enefgy tp, the phase change
Mﬂﬁi nergy to the phase change materia

materl I@é@%§Hﬂ§%¥pﬁgsg tubul ar housi ng that contains the
phase change material. 12. The nethod of C aim 10,

19, W*h%frﬁétﬂo& 'B? d?&lﬁ? %0 Cﬁlﬂﬁ&ec&ﬁﬁrﬁ'mgahoﬁﬁ@ emeftéﬁaé@uﬁsldfqhe phase
phase qui d phase. 13. The net ho Caim1l

change/mete@ahmtfmtherrqgmp!ﬁwase transfers heat t o t he
capil lary passage. 14. The nethod of Claim 12, wherein
the liquid phase is at a tenperature sufficient to
volatilize liquid material in the capillary passage.
15. The nmethod of Caim 12, wherein the |iquid phase
mai ntains a tenperature sufficient to volatilize
liquid material in the capillary passage for greater
t han about 10 seconds w thout active heating of the
l'iquid phase. 16. The nmethod of C aim 15, wherein the
liquid phase maintains a tenperature sufficient to
volatilize liquid material in the capillary passage
for at |east about 1 minute without active heating of
the liquid phase. 17. The nethod of C aim 10, further
conprising supplying supplenental energy to the phase
change nmaterial.18. The nmethod of Caim 17, wherein
suppl yi ng suppl enental energy to the phase change
material maintains the |iquid phase. 19. The net hod of
Claim 10, further conprising nonitoring the
tenperature of the phase change material with a
t her nocoupl e.



