
HEAT CAPACITORFOR CAPILLARY AEROSOL GENERATOR SUMMARY
The invention relates to a capillary aerosol
generator, a component therefor and to a method for
generating aerosol. According to one embodiment, a
heat capacitor for a capillary aerosol generator
comprises a phase change material that changes phases
at a temperature approximately equal to a temperature
sufficient to volatilize liquid material in a
capillary passage of the capillary aerosol generator.
According to another embodiment, a method for
generating aerosol uses a capillary aerosol generator
comprising the heat capacitor, the method comprising
supplying sufficient energy to the phase change
material to cause the phase change material to change
phases and supplying liquid material to the capillary
passage. The phase change material supplies sufficient
heat to the liquid material, via the capillary
passage, to volatilize liquid material in the
capillary passage. In a further embodiment, a
capillary aerosol generator comprises a capillary
passage and a heat capacitor comprising a phase change
material, which changes phases at a temperature
approximately equal to a temperature sufficient to
volatilize liquid material in the capillary passage.
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 ispreferably sized so as
to maintain contact between the phase change material,
especially the - phase change material when it is in a
liquid phase, and the capillary passage. The tubular
housing is preferably wrapped with heating wire, which
may be insulated, and has electrical leads connected
to it. The electrical leads are connected to a power
supply, preferably a D.C. power supply such as a
battery or may be an A.C. power supply such as an
electrical socket. Preferred phase change materials
include, for example, tin-based solders with various
concentrations of tin and/or silver and/or antimony
and/or copper and/or bismuth. While power may be
supplied from an electrical socket, the power supply
may also be replaceable and rechargeable and may
include devices such as a capacitor or, more
preferably, a battery. For portable applications, the
power supply may be a replaceable, rechargeable
battery such as one or more battery cells, e.g.,
lithium or nickel cadmium battery cells connected in
series with a total, non-loaded voltage of
approximately 4.8V to 5.6V . The characteristics
required of the power supply are, however, selected in
view of the characteristics of other components of the
capillary aerosol generator. In operation, electrical
leads transfer power from the power supply to the
heating wire that is wrapped around the tubular
housing, thereby heating the phase change material and
causing the phase change material to change, for
example, from a solid phase to a liquid phase. 



Thus, the formed liquid phase stores energy, to be
released when the liquid phase returns to a solid
phase. When heated, the phase change material
transfers heat to the portion of the capillary passage
and thus heats the portion of the capillary passage to
a temperature sufficient to volatilize liquid material
that is introduced to the heated capillary passage.
The liquid material introduced to the heated capillary
passage is volatilized and is driven out of the outlet
of the capillary passage. The volatilized material
mixes with ambient air outside of the capillary
passage to form an aerosol which may or may not be a
condensation aerosol. The heating wire, which may vary
depending on the components of the capillary aerosol
generator, has such characteristics so as to
appropriately heat the tubular housing around which it
is wrapped. For example, the heating wire may be
insulated and/or have an outside diameter of 0.2mm
(0.008 inches), a resistance of 43W/m (13.1 ohms per
foot), and a specific heat of 460J/kg/K (0.1 10
BTU/lb-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 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 acoating 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. Liquid material is preferably 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 capillary 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 material stores heat
{i.e., when a phase change material changes from a
solid phase to a liquid phase, heat stored in the
liquid phase is released when the liquid phase returns
to the solid phase), which is used to generate aerosol
over time, for example, greater than about 10 seconds,
preferably at least about 1 minute, more preferably
about 5 minutes or greater. The use of stored heat in
the phase change material to generate aerosol over
time enables operation of the capillary aerosol
generator remote from a large energy source. A small
energy source, for example, a small battery, may be
used to supply supplemental 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 liquid 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 to a temperature sufficient to
volatilize liquid material in a capillary passage of
the capillary aerosol generator. In particular, as
used herein, "approximately equal to" refers
preferably to a temperature range of 30C greater than
a temperature sufficient to volatilize the liquid
material to the temperature sufficient to volatilize
the liquid material, more preferably to a temperature
range of 2O0C greater than the temperature sufficient
to volatilize the liquid material to the temperature
sufficient to volatilize the liquid material, and even
more preferably to a temperature range of 100C 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.Example 1 As propylene glycol
vaporizes/boils at approximately 1900C, a phase change
material with a melting point of approximately equal
to 2300C would provide enough energy to aerosolize
propylene glycol. Differential scanning calorimetry
results from a 98% tin-2% silver alloy reveal a heat
of fusion of 55J/g and a melting point of 221 0C.
Accordingly, 1.55g of a 98% tin-2% silver solder is
placed in the tubular housing of the Figure. The
capillary passage is a stainless steel tube. The
solder is heated to a temperature of 2370C, as
measured by thermocouple, by supplying 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 237C for 10 seconds, the power to
the tubular housing is turned off. A pump supplies
propylene glycol to the capillary at a rate of
0.1mL/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 cooled
to solid form remains in intimate contact with the
capillary. 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 all of the
solder has melted. Once all of the solder has melted,
continued heating would increase the temperature of
the solder 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 glycol 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.Table 1 Table 2 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 (61 J/g x 3.858g).
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
(i.e.,235J/1.2J/mg/1.72 mg/s = 114s). Without wishing
to be bound by any theory, as it is believed that all
of the propylene glycol was volatilized during that
time period, it is further believed that the energy
available from the solder exceeded its heat of fusion
of 61J/g. Assuming no energy loss in Example 4, the
solder would have had to provide 70J/g (270J/3.858g)
in order to volatilize all of the propylene glycol;
thus, the solder likely provided greater than 70J/g.
Accordingly, the listed values for heat of fusion
provide a minimum value for energy provided by the
solder. Heating of the solder beyond its melting point
may result in poor aerosol formation, which may be
identified by visual observation or an odor resulting
from the breakdown of propylene glycol. Example 5,
with no propylene glycol flow (i.e., no liquid was
supplied to the capillary), was made to determine
power loss, i.e., power not transferred to propylene
glycol, using a given mass of a known solder in the
above-described tubular housing configuration. The
solder was heated and when the temperature of the
solder reached its melting point, the temperature of
the solder remained fairly constant until all of the
solder had melted. When the temperature of the solder
began to rise, indicating complete liquefaction, the
electrical current was shut off and a 



timer was started. As the electrical current was shut
off when the temperature of the solder began to rise,
the solder should not have been heated beyond its
melting point, and the energy available from the
solder would be equal to 61J/g, its heat of fusion.
The timer was stopped when the solder again reached a
temperature equal to its melting point. Thus, a power
loss of 1.4W can be calculated for Example 5.
Accordingly, a theoretical power requirement may be
calculated by adding the calculated power loss to a
calculated power requirement to volatilize a given
mass of propylene glycol using the same mass of a
known solder in the same tubular housing
configuration. While the preceding Examples disclose
forming aerosol from propylene glycol, the use of a
heat capacitor as a component of a capillary aerosol
generator 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.CLAIMS: 1. A component of a capillary
aerosol generator comprising a heat capacitor, wherein
the heat capacitor comprises a phase change material
that changes phases at a temperature approximately
equal to a temperature sufficient to volatilize liquid
material in a capillary passage of the capillary
aerosol generator. 2. The component of Claim 1,
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. 3. The
component of Claim 2, wherein the solder comprises a
98% tin-2% silver alloy. 4. The component of Claim 1,
wherein the phase change material surrounds the
capillary passage. 5. The component of Claim 1,
wherein the phase change material is contained within
a tubular-like housing. 6. The component of Claim 5,
wherein the tubular housing is wrapped with heating
wire, which has electrical leads connected to it. 7. A
capillary aerosol generator comprising: 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 iscontained
within a tubular housing, the tubular housing being
wrapped with heating wire, which has electrical leads
soldered to it. 10. A method for generating aerosol
using a capillary aerosol generator comprising the
heat capacitor of Claim 1, the method comprising:
supplying sufficient energy to the phase change
material to cause the phase change material to change
phases from a first phase to a second phase; and 



supplying liquid material to the capillary passage;
wherein the phase change material supplies sufficient
heat to the liquid material in the capillary passage,
to volatilize liquid material in the capillary
passage; wherein volatilized liquid material is driven
out of the capillary passage and mixes with ambient
air to form aerosol. 11. The method of Claim 10,
wherein supplying energy to the phase change material
comprises heating a tubular housing that contains the
phase change material. 12. The method of Claim 10,
wherein the phase change material changes from a solid
phase to a liquid phase. 13. The method of Claim 12,
wherein the liquid phase transfers heat 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.18. The method of Claim 17, wherein
supplying supplemental energy to the phase change
material maintains the liquid phase. 19. The method of
Claim 10, further comprising monitoring the
temperature of the phase change material with a
thermocouple. 


