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2008/038144PCT/I82007/003701 3 coating for reducing
the tendency of material to stick to the wall of the
capil l ary passage, which may result in clogging. The
capill ary passage is preferably conprised of

stainl ess steel or gl ass. Liquid material is
preferably introduced into the capillary passage
through an inlet of the 5capillary passage connected
to a source of liquid material. The volatilized
material is driven-out of the capillary passage
through the outlet of the capillary passage.

In operation, the phase change material is heated to
a phase change tenperature from an abundant energy
source. Thus, the phase change material stores heat
(i.e., when a phase change material changes froma
solid phase to a liquid phase, heat stored in the
l'iquid phase is 10 rel eased when the |iquid phase
returns to the solid phase), which is used to
generate aerosol over time, for exanple, greater than
about 10 seconds, preferably at |east about 1 m nute,
nore preferably about 5 mnutes or greater. The use
of stored heat in the phase change material to
gener ate aerosol over tinme enables operation of the
capil l ary aerosol generator renote froma | arge
energy source. A small energy source, for exanple, a
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Mel ting Point 1C Heat of Fusion /(J/g) Mass/g 2 98%
tin, 2% silver 221 55 4.752 3 98%tin, 2% silver 221
55 4.752 4 97%tin, 2%copper, 0.8%silver,

WO 2008/038144 ' PCT/IB2007/003701
coating for reducing the tendency of material to stick to the wall of the capillary passage, which
may result in clogging. The capillary passage is preferably comprised of stainless steel or
glass. . . : :
Liguid material is prefefabty introduced into the capillary passage through an inlet of the
capillary passage connected to a source of liquid material. The volatilized material is driven out
of the capillery passage through the outlet of the capillary passage.

in operation, the phase change material is heated to a phase change temperature from
an abundant energy source. Thus, the phase' change materiai stores heat (i.e'-., when a phase -
change material changes from a solid phase to a liquid phase, heat stored in the liguid phase is
released when the fiquid phase retums to the solid phase), which is used fo generate aerosol
over t[me for example, greater than about 10 seconds, preferabfy at least about 1 minute, more
preferably about 5 minutes or greater. The use of stored heat in the phase change material to
generate aerosal aver time enables aperation of the capillary aerosol generator remote from a
large energy source. A small energy source, for example, a small battery, may be used {o
supply ‘supplementat energy to the phase change material in order to replenish energy lost or
energy used in generating aerosol and preferably maintain the phase change material in a liguid
phase. Supplemental energy may be supplied, for example, by pulsing small amounts of
electrical energy though the heating wire Wrapped around the tubular housing.

The phase change material preferably changes phases at a temperature approximately
equal fo a temperature sufficient to volatilize liguid material in a capillary passage of the
capillary aerosol generator. In particular, as used herein, “approximately equal to” refers
preferably to a terhperature range of 30°C greater than a temperature sufficient to volatilize the
tiquid material to the temperature sufficient to volatilize the liquid material, more preferably to a
temperature range of 20°C greater than the temperature sufficient to volatilize the fiquid
material to the temperature sufficient to volatilize the liquid material, and even more preferably
to a temperature range of 10°C 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 thermocoupie 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 lsads 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 fo be illustrative, but not limiting.
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4,

Example 1 )

As propylene g{ycol‘vaporizes[boils at approximately 190°C, a phase change material
with a melting point of approximately equal to 230°C would provide enough energy to aerosolize
propylene glycol. Differential scarining calorimetry results from a 98% tin-2% silver alloy reveal
a heat of fusion of 55J/g and a melting point of 221°C. Accordingly, 1.55g of a 98% tin-2%
sitver solder is placed in the tubular housing of the Figure. The capillary passage is a- stainless
steel tube The soider is heated to a temperature of 237°C, as measured by thermocouple by

‘supp]ymg a power of 16 Watts to the tubular housing though the electrical leads via heating

wire. After the solder is maintained at a temperature of 237°C for 10 seconds, the power to the
tubular housing is turned off. A pump supplies propylene glycol to the capillary at a rate of
0.4mi/minute. Aerosol is generated for 1 minute via stored heat in the solder and not an active

heater.

- Examples 2-5

A recorded weight of solder is placed in the tubular housing of the Figure. The solder is
heated above its melting point so that the solder flows uniformly around the capillary and when
cocled to solid form remains in intimate contact with the capilfary. The solder is heated by
passing an electrical current though the heating wire, which is wrapped around the tubular
housing. When the temperature of the solder reaches its melting point, the temperature of the
solder and thus the stainless steel tube remains fairly constant until aH of the solder has melted.
Once all of the solder has melied, continued heating would mcrease the temperature of the
soider beyond its melting temperature to the temperature of the heater. Thus, when the
temperature of the solder begins to rise, indicating complete liquefaction, the electrical current is
shut off and a pump supplying propylene giycol to the capillary at a fixed mass flow rate is

started. " Time, temperature of the solder, and aerosol quality as visually observed, are

‘monitored. Results may be found in Tables 1 and 2.
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Energy Required for Volatilization* /J 0.86 113 97
117 3 172 94 162 194 4 1.72 131 225 270 5 -- 171 --

WO 2008/038144 . PCT/IB2097/003701

5
Table 1
Solder
Melting | Heat of
Example | Composition Point Fusion - Mass/g
I°C 1J/g) '
' 98% tin, |
2 221, 55 4752
2% silver
98% tin, I
3 221 55 4752
. 2% silver o
97% tin,
2% copper, : :
4 230 61 3.858
0.8% silver,
0.2% antimony
97% tin,
- 2% copper, ' .
5 ‘ _ 230 61 3.858
0.8% silver, ]
0.2% antimony
-Table 2

Propylene Energy
Propylene Glycol -

, , ) Glycol Required for
Example | Mass Flow Rate | Time /s . o
Volatilized | Volatilization™

mgs) Img 1
2 0.86 113 97 117
3 1.72 o4 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 fusibn of the solder was about 2354 (61J/g x 3.858g).
However, the energy required for volatilization of the propylene glycol for the observed
131 seconds was in excess of 2354, and more specifically, 270J. Thus, the observed

131 seconds during which propylene glycol was volatilized was longer than éxpected {ie.,
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variations and modifications are to be considered within the purview and scope of the claims

appended hereto.
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VWi |l e the precedi ng Exanpl es di scl ose form ng aerosol
from propyl ene glycol, the use 250f a heat capacitor
as a conponent of a capillary-aerosol generator is -
not limted thereto, and may be useful in-a variety
of aerosol delivery applications, for, as noted
above, its use enables opgration of a capillary
aerosol generator renpte froma |arge energy source.

CLAlMEQr exanpl e, the heat capacitor may be useful for
nhal er applications, e.qg., drug delivery. -

1. Adchpiliagresrdsp| Qﬂﬂﬁéﬂ’f‘PFé?&t“PB%ﬁ%m tor may be used to ,
gaegaﬁ&igbﬁ?ggs% é@ébtéﬁfo%ﬁrh 8n é&fﬂsﬁhm&imvi;qufcbmaEmimpﬂ@ passage is

simul ate a snokin nce. Wile
heated\kawoieugeehbé%ilsﬁﬁ’ﬁt‘%ﬂﬁéﬁ%‘glﬂ?é ‘ g’?c 8ed it is to be

upgess itc;,h@gm;yr@mgaélwﬂse amelngmmatan@hun dresmaagorst with the
resorted to as will be apparent to those skilled in
capillapi@sgade; Such vari at| ons and nodifications are to

be -
C\Qﬁkﬁéﬁ QR&Bhide biamgt heaterial whengesnhasesplea dPmpeiaiue ali"fﬁ%x*ma*e‘y
pended, her aPink | abMard 8RS
equal '@@rf%’f“ﬁ?@?”% '%‘1“’?@ tchm%ta %E%n%“géggpassagg %\rggpt egé to
form an aerosol vvhen liquid material in the passage

G ' | 1§ asim SORRereif théehdsequiatige material
2. rfitc r? g?{c}:g?l eg.fgngdtc!lr #Bording ! t m r

and 5a heat ca r.c
: comprislaas@jd@'hmﬁgsg dﬁap@‘ﬂprﬁmglqrpetqﬁ Q?%FP gag%?ez%cttec{zﬂ{%ﬁ%ﬁg&paconmshng

of tin, gﬁvg I LL@hdnPBSSReE cophBeafl Bornbieaidna sieerediange mat er i al
ges phases at a tenperature approximtely equal
.to a terrperature sufficient to volatilize liquid

3. MRUAbIAY éxéﬂodd@eﬁé\ﬁtok‘lmcgrdspgsiga@@m 1 or 2 wheghple) Ria5e change -
aer osol - gener at cgordi j icBsit Hi@ortion of th
materﬁhg?@ge%g-ﬁ@ea ﬁgfci rpﬁ% {foé giguttdopi'%lsé ﬁr%uﬂﬁbe&@e st @o jon of the

rises solder, the so

capiliPPpaishgd; Red mmmnmmmw r expsing: 88 pq%th%nthp%%wrapped

with hﬁﬂ@’%!’j@%ﬂﬁg@ﬁ éig csél &e\é§§ solddtbh Ry, bisnuth, copper,

Fhe ther eo 3. Acapillary aer'osol
gener at or accor di ng to claim1l or 2 wherein the phase

4, Cﬂmgofﬁfr g&h&bh@éé}gﬁﬂ ukihgr eaptliatyi akrgHohgenaraoracomprising a heat

surrounds at | eas f
capacajgp el ﬁ?%? Cﬁﬁ%%"&@ SOMBFRNG 8 pgsﬁ? gﬁa@g t&lhéf Nhat chgﬁb%s phases at a |
tempdi S %mﬁlﬁ&eﬁfuﬁdaaio hcta:sapa@ttbmsn@cwtatpp\@ﬁahg@,\pqw matenal in a

»Oaﬁ'“arfgéégﬁ? H@E‘ﬁﬁﬁf’w@%qi agg%i,ggkeer‘é{& 'tﬁ%e{hgég%éﬁxﬁer ed to

ating 'aerosol using hase change
C apppiying ¥ufﬁ§ém8@‘lerggret06hamb55% @hqﬂgﬁgmﬁ@riaé tp, ggngse the p ase g

_materta,l@rfé'gt S pnasPE bR 2%"9&4 {0 sczORPphdsENghaa phase

anges phases at a tenperature
apppEhyihyriued rysa’@qalab thecﬁaﬁ"‘ﬁié'rﬁ?éﬁﬁeure sufficient to

vol at .l | hal 2 sufiigieh] eeay tpthediagid nodterial in the
H‘@eﬁe"bhél ahr ggggfg%dség%%e;ngﬁgﬂr he nmet hod '

capﬂkm ppssage iy Vﬂlatﬁga Hpvig meierelining PRl rye?%ﬁﬁ%f’ to t hé

% e Ué&é‘tﬂi@e 88 interiaDiscRivee ouhef thé asmilach azrgege and mixes with
ertal to change phases froma first phase to a
ambl%éelohﬂoﬁh%@so’and supplying liquid material to the

capi |l l ary passage; ‘

5. A method according o claim 4 wherein suppiymg energy to the phase change material
comprises heating a fubular housing that contains the phase change material.

8. A method accor'ding to claim 4 or 5 wherein the phase change material changes from a

solid phase to a liquid phase.
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wherei n the phase change material supplies sufficient
heat to the liquid nmaterial in the capillary passage,
to volatilize liquid material in the capillary
passage; 25wherein volatilized liquid material is
driven out of the capillary passage and m xes with
anbient air to formaerosag. 5. A nethod according
to claim4 wherein supplying energy to the phase ,
| %%Gﬁr if9d Phadebihraferd Oesstitathe capﬂiary
7. t'ﬂg{e ogn%tg:&ﬁlsngtﬂe aés‘gﬁ%ﬁgﬁgéé %t grl al. 6. A nethod .
passagecording to cIain14 ‘or 5 wherein the phase change
material changes froma 30solid phase to a liquid

5. hanieuneaiasao ey & ¢ HBAe g W phsi S 1 8 tempsrature

suffi c;&ﬁ?os\ﬂ%ﬂ;ze BuidAnaetiflodihecapiiaty pgssage.cl ai m 6 or 7
wherein the liquid phase is at a terrperature
sufficient to volatilize liquid material in

9. C»ameltﬂoaracc@ﬂmsagmamg Ponwherginsine bad ﬁaawantal%aéemwa’m

| inOH s ad¥Bh& foRighsatd than about 10 seconds
suﬁcz?rgggbé(sm uerg PR Pent to ;{/ag%:\?l i ge liquid material -

without mciivia dreetingi df trer faujstRg8ge for greater than about 10
seconds’ wi t hout ‘active heating of the liquid phase.

10. A nethod according to cla |
10, pharss RGN @ CETDEr dRUPE Lo UL, By farnsit fmperature
suffi ca¥;§t|t@%ﬂaﬂiié€ iiyhid) e zlerfapinethe abpiliany bh@agaiprlat meyt Fhegt hgunute without \

| east. about 1 m nute without 10active heating
adfvedlea'@ﬂﬁé’flﬁ?%jlﬂf’@ §8e. 11. A nethod according to any

of clalns 4 to 10 further conprising supplying

p RN fureBRade v &ubsling supplemental
g g{ %rc?m?m‘%oag%loﬁgia%%e% [aim 11 vvherél ntgsuppl yi ng

energgtmﬂbbehm@hﬂmmwialo t he phase change material -

mai ntai ns the |iquid phase. 1513. A net hod accordi ng

.12 :Tgrf%@n W? gg&ﬁ@"ﬁ%ﬁﬁ@’ 33 ﬁwgg‘%{‘ g? [ eﬁ F#"Q Sﬁé}%‘érﬁ&tal energy to the phase

chandBrh&Ehidl naiMidife Betigaitimhesupl e.

13. A method according to any of claims 4 to 12 further comprising monitoring the

temperature of the phase change material with a thermocouple.



