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(57) Abstract: An aerosol generator periodically forms aerosolized fragrance material by repeatedly supplying a liquid fragrance
material to a capillary passage 40 via only capillary action and heating the capillary passage 40, such that the liquid fragrance material
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PULSED AEROSOL GENERATION

SUMMARY

Provided is an air freshener for generation of aerosolized liquid fragrance material
comprising a capillary passage having an inlet and an outlet; a liquid supply operable to supply
liquid fragrance material to the inlet of the capillary passage only via capillary action; and a
power supply adapted to apply voltage across a heater arranged along the capillary passage to
heat liquid fragrance material in the capillary passage to a temperature sufficient to at least
partially volatilize liquid fragrance material in the capillary passage such that the liquid fragrance
material is driven out of the outlet of the capillary passage and forms an aerosol of the liquid
fragrance material.

Additionally provided is a method for pulsed generation of aerosolized fragrance material
comprising drawing liquid fragrance material into a capillary passage having an inlet and an
outlet only via capillary action and periodically applying voltage across a heater arranged along
the capillary passage to heat liquid fragrance material in the capillary passage to a temperature
sufficient to at least partially volatilize the liquid fragrance material such that the fragrance
material is driven out of the outlet of the capillary passage and forms an aerosol of the fragrance
material.

In another embodiment a method of producing an aerosol of liquid is provided. The
method includes disposing a liquid along a zone of a capillary passage by drawing a liquid via
capillary action from a liquid supply into said zone; repetitively applying heat according to a
power cycle along at least a portion of said zone, the heat of each power cycle being sufficient
to volatilize substantially all said disposed liquid along said zone so that during said power
cycle, said drawing of liquid via capillary action is interrupted and that at conclusion of each
power cycle, said disposed liquid along said zone is evacuated from said heated zone; and
spacing said power cycles sufficiently apart in time for said drawing liquid via capillary action to
resume and refill said zone between power cycles.

In still another embodiment, an aerosol generator to generate an aerosolized liquid
material is provided. The aerosol generator comprises a capillary passage having an inlet, an
outlet and a zone along the capillary passage between the inlet and outlet, the zone operable to
be heated; a liquid supply to supply a liquid material to the inlet of the capillary passage to be
drawn into the zone of the capillary passage via capillary a_ction; and a power supply operable to
repetitively apply heat according to a power cycle along at least a portion of the zone of the
capillary passage to volatilize the liquid material disposed in the heated zone so that during the
power cycle, the drawing of liquid via capillary action is interrupted and that at conclusion of

each power cycle, the disposed liquid along the zone is evacuated from the heated zone, the
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power cycles sufficiently spaced apart in time for drawing liquid via capillary action to resume
and refill the zone between power cycles.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a representation of an exemplary embodiment of the air freshener.

Figure 2 is a schematic of exemplary control circuitry.
Figures 3A-3C show another exemplary embodiment of the air freshener and exemplary

embodiments of a capillary passage used therein.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Provided is an air freshener for generation of aerosolized fragrance material, which is

admixed with ambient air. The air freshener includes a capillary passage having an inlet and an
outlet; a liquid supply operable to supply liquid fragrance material to the inlet of the capillary
passage only via capillary action; and a power supply adapted to apply voltage across a heater
arranged along the capillary passage to heat liquid fragrance material in the capillary passage to
a femperature sufficient to at least partially volatilize liquid fragrance material in the capillary
passage, such that the fragrance material is driven out of the outlet of the capillary passage and
mixes with the ambient air to form an aerosol.

Preferably, the capillary passage has an internal diameter of 0.01 to 10 mm, preferably
0.05 to 1 mm, more preferably 0.05 to 0.4 mm, and even more preferably about 0.05 mm.
Alternatively, the capillary passage preferably has an internal cross sectional area of 8 x 10° to
80 mm?, preferably 0.002 to 0.8 mm? more preferably 0.002 to 0.05 mm?, and even more
preferably about 0.002 mm?. The capillary passage may optionally have a reduced diameter, or
a restricted orifice, at the outlet of the capillary passage. For example, for a capillary passage
having an internal diameter of about 0.15 mm, the restricted orifice at the outlet may have an
internal diameter of about 0.05 mm.

While not wishing to be held to any particular theory, it is believed that a reduced
diameter (restricted orifice) at the outlet of the capillary passage produces aerosol by a fluid
shearing mechanism, in which coarse droplets of liquid fragrance material in the capillary
passage are broken up into smaller ones, as a result of high pressure created in the capillary
passage by heating and at least partial volatilization of the liquid fragrance material, which
provides a driving force to expel liquid and/or volatilized fragrance material out of the outlet of
the capillary passage. Thus, liquid fragrance material may be aerosolized by passing through a
reduced diameter outlet of the capillary passage as heating the liquid fragrance material creates
pressure in the capillary passage, which expels the liquid fragrance material out of the outlet of

the capillary passage.
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In most applications, however, the capillary passage preferably comprises a “straight
tube” configuration not having a constricted tip.

The capillary passage may have a length of about 10 to 40 mm, e.g., about 25 mm. The
capillary passage preferably is the interior of a stainless steel capillary tube, such as, for
example, 304 stainless steel, which serves as a heater via electrical leads attached thereto for
passage of direct or alternating current along a length of the tube. Thus, the stainless steel tube
is heated by resistance heating. The stainless steel tube is preferably circular in cross section.
The tube may be a hypodermic needle of various gauges. For example, a 32 gauge needle has
an internal diameter of 0.11 mm and a 26 gauge needle has an internal diameter of 0.26 mm.

However, the capillary tube may be any electrically conductive material capable of being
resistively heated, while retaining the necessary structural integrity at the operating temperature
experienced by the capillary passage, and which is sufficiently non-reactive with the liquid
fragrance material. Such materials include, but are not limited to stainless steel, INCONEL,
metal composites, or other metals and alloys.

In an additional embodiment, the capillary passage may be the interior of a non-metallic
tube such as, for example, a glass tube. In such an embodiment, the heater, an electrically
conductive material capable of being resistively heated, such as, for example, stainless steel,
NICHROME or platinum wire, is arranged along the glass tube. When the heater arranged
along the glass tube is heated, liquid fragrance material in the capillary passage is heated to a
temperature sufficient to at least partially volatilize liquid fragrance material in the capillary
passage. Electrical leads may connect the heater to a power supply.

The power supply for applying a voltage may include a voltage source and two electrical
leads. The voltage source can be a direct current battery. However, the use of alternating
current could also be effective. In the use where the capillary passage is the interior of a
stainless steel tube, the electrical leads are preferably attached to spaced apart locations along
the tube to supply power that resistively heats the tube.

The power supply preferably delivers a pulse of power to the capillary heater via the
electrical leads. The voltage chosen determines the amount of energy that will be used to heat
the capillary passage in each pulse. The energy transferred to the capillary passage from the

voltage source is governed by Ohm's Law.

V (voltage) = | (current) - R (resistance) (M
Power=V - 1=V?/R (2)

Preferably, the liquid supply is vented. The liquid supply may include a wick that delivers
liquid fragrance material from the liquid supply to the inlet of the capillary passage only via

capillary action. Preferably, the wick material contains numerous pores, and these pores act as
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capillary passages, which cause the liquid fragrance material to be drawn into them and then
into an inlet of the capillary passage.

While the wick can be made of a variety of materials, porous plastic wicks are preferred.
An example of a porous plastic wick is a wick composed of ultra high molecular weight, high
density polyethylene (HDPE). Such wicks are generally made of blends of HDPE in particle
form, and the blends are developed to meet the target pore characteristics of the wick.
Preferably, the solubility parameter of the polymer is significantly different from that of the liquid
fragrance material, which prevents the wick from swelling or other changes that can lead to a
change in the pore size and porosity of the wick.

The liquid fragrance material may be any suitable liquid fragrance material that can be
delivered to the capillary passage for generation of aerosolized fragrance material. For
example, the liquid fragrance material may be any commercially available liquid fragrance
material suitable for use in commercial air fresheners. The liquid fragrance material is
preferably aqueous based, alcohol based, such as, for example, methanol, or propylene glycol
based.

Manipulation of parameters of the air freshener, such as, for example, the internal
diameter of the capillary passage and/or heat transfer characteristics of the material defining the
capillary passage, can be selected to control heater temperature and mass median particle
diameter. Furthermore, choice of the liquid fragrance material can affect heater temperature
and mass median particle diameter of the aerosolized material.

Additionally provided is a method for generation of aerosolized fragrance material, which
includes drawing liquid fragrance material into an inlet of a capillary passage only via capillary
action and periodically applying voltage across a heater arranged along the capillary passage to
heat liquid fragrance material in the capillary passage to a temperature sufficient to at least
partially volatilize the liquid fragrance material, such that fragrance material is driven out of an
outlet of the capillary passage.

After the voltage is applied across a heater arranged along the capillary passage and the
fragrance material is driven out of the outlet of the capillary passage, the capillary passage
cools and is again refilled only via capillary action. The capillary passage refill time is a function
of the length and diameter of the capillary passage as well as the properties of the wick and
liquid fragrance material. For example, for a 25 mm long, 0.15 mm internal diameter capillary
passage, refill can occur in less than 10 seconds. Thus, after the capillary passage cools and
draws in more liquid fragrance material, the heater is again activated by control circuitry
effective to periodically apply voltage across a heater arranged along the capillary passage to
heat liquid fragrance material in the capillary passage to a temperature sufficient to at least
partially volatilize the liquid fragrance material such that fragrance material is driven out of the

outlet of the capillary passage. Accordingly, a method for repeated pulsed generation of
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aerosolized fragrance material includes aerosolizing fragrance material, cooling the capillary
passage, and repeating the filling and aerosolization steps.

The frequency of repeated pulsed generation of aerosolized fragrance material is limited
by the capillary passage refill time. Thus, depending on the length and diameter of the capillary
passage and the liquid fragrance material, aerosolized fragrance material may be generated as
frequently as every 2 to 100 seconds, perhaps at least once a minute, or less frequently, such
as, for example, at least once an hour or at least once a day. In order for the capillary passage
to be effectively refilled only via capillary action, substantially all of the liquid fragrance material
contained in the capillary passage is driven out of the capillary passage, thus providing a
substantially dry capillary passage.

The air freshener may be implemented in a small device, with the power supply being a
battery. Aiternatively, the power supply may be an alternating current (AC) source, such as an
AC outlet and the air freshener can include a converter if desired to convert the AC to direct
current supplied to the heater. The air freshener may be operated by control circuitry operable
to deliver power from the power supply to the heater in timed heating cycles such that the liquid
fragrance material is at least partially volatilized after capillary leading of the capillary passage.
Thus, the control circuitry controls the application of voltage across the heater in order to
aerosolize the fragrance material. Specifically, the control circuitry may control the frequency of
application of voltage across the heater in order to aerosolize the fragrance material. The
control circuitry may automatically control the frequency of repeated pulsed aerosolization of
fragrance material. Alternatively, the frequency of repeated pulsed generation of aerosolized
fragrance material may be preset or manually set, with the control circuitry controlling
generation of aerosolized fragrance material according to the preset or manually selected
frequency. If desired, the control circuitry/power supply may include primary and/or secondary
cells, preferably primary cells, capacitors including supercapacitors, charge pumps, and
combinations thereof. Use of a supercapacitor may extend battery life and/or allow for use of
fewer or smaller batteries.

Figure 1 is a representation of an exemplary embodiment of the air freshener. A liquid
supply 10 supplies liquid fragrance material to a wick 20, which supplies the liquid fragrance
material to an inlet of a capillary tube 40 preferably of stainless steel and having an outlet 45.
Attached to the capillary tube 40 are electrical leads 50 for supplying voltage to the capillary
tube 40. The electrical leads 50 are connected to control circuitry 60, which regulates the power
supplied to the capillary tube 40. Pulsed delivery of power to the capillary tube 40 causes
volatilized liquid fragrance material to periodically be driven out of the outlet 45 of the capillary
tube 40 and form an aerosol. ‘

Figure 2 is a schematic of exemplary control circuitry, including a heater for the capillary

tube (“capillary” in Figure 2) and electrical leads (“Caplry +" and “Caplry —="). These leads can
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be attached at spaced apart locations along a stainless steel capillary tube in which liquid
fragrance material is heated by pulsing power through the leads. While the control circuitry may
be powered by one or more batteries, such as AA cells, the control circuitry of Figure 2 is
powered by one battery B. The control circuitry preferably comprises a master power switch
SWi1, as well as a microcontroller U1, such as a PIC12F675, manufactured by Microchip. The
microcontroller U1 illustrated in Figure 2 has unutilized outputs 2, 3, 5, 7, which may be
employed depending on the complexity of the control circuitry. The timing of energizing the
heater of the air freshener is preferably set by an internal clock of the microcontroller. For
adjustable timing, a pushbutton switch can be pressed one or more times to set the time interval
between aerosol delivery. An indicator LED displaying information such as the set time interval
may also be controlled by the microcontroller. The field effect transistor Q1, such as, for
example, Si4876, is used to switch power to the capillary heater under control of the
microcontroller. While energy can be directly delivered to the heater by the battery, the control
circuitry of Figure 2 has a power supply that includes a supercapacitor C1, which supplies
energy as an energy pulse to the capillary heater, i.e., the supercapacitor discharges a pulse of
energy to the heater sufficient to aerosolize the liquid fragrance material in the capillary
passage. The microcontroller U1 is preprogrammed or manually set for a timing cycle whose
duration is shorter than time required for the supercapacitor C1 to recharge. Additional
elements of the control circuitry illustrated in Figure 2 include a capacitor C2 and resistors R1,
R2, R3, R4.

In the preferred embodiment, the capillary passage is designed to have a controlled
temperature profile at the outlet end of the capillary passage as described in commonly-owned
U.S. Patent No. 6,640,050 which is incorporated herein by reference in its entirety. In such an
embodiment (Figure 3A), the inlet and outlet electrode 50 have low electrical resistivity and can
be made of copper, silver, gold, aluminum and the like. A resistance wire 70 connected in
series between the capillary outlet 45 and outlet electrode 50 has an electrical resistance equal
to 10% to 30% of the capillary tube 40 (Figure 3B). When a sufficient voltage is applied
between the two electrodes 50, the capillary tube 40 and resistance wire 70 increase in
temperature relative to the electrodes 50. With the appropriate ratio of electrical resistances in
the capillary tube 40 and resistance wire 70, the temperature of the capillary tube 40 will linearly
increase along its length, maximizing at the outlet 45 to provide a controlled temperature profile
of the heated capillary tube.

Another consideration in the air freshener design is pressure drop. When the fluid within
the capillary tube 40 is volatilized, pressure is created. That pressure can push some of the
fluid in the capillary tube 40 back toward the liquid supply 10 reducing overall output. In the
preferred embodiment, having a constriction 80 on the inlet end 47 of the capillary tube 40 prior

to the heating zone is preferred (Figure 3B). The restriction 80 is formed to reduce the cross-
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sectional area of the capillary tube 40 up to 75% (e.g., 25-75%). Optionally, the restriction may
be a separate orifice 85 placed between the liquid supply 10 and capillary tube 40 (Figure 3C).

The output from the air freshener is dependent on the number of capillaries, capillary
internal dimensions and frequency of actuation. A potential embodiment could have a number
of capillaries in parallel drawing fluid from a common liquid supply or separate liquid supplies
(having different fragrances). The control circuitry could actuate each capillary sequentially
producing a near continuous aerosol output.

it is desirable for an air freshener, producing an aerosol, for the particle size to be as
small as possible. Stokes’ Law predicts the settling velocity of small spheres in fluid such as air
or water. The equation for Stokes’ Law is: W=2 (pp-pP¢) QTr /9 u where w is the settling
velocity, p is density (the subscripts p and f indicate particle and fluid respectively), g is the
acceleration due to gravity, r is the radius of the particle and p is the dynamic viscosity of the
fluid. The following table indicates the settling velocity in air for a series of particle sizes from

1 — 50 micron.

Diameter Settling Velocity
Micron cm/sec

1 0.003

5 0.07

10 0.3

50 7.4

The aerosol particle size produced is preferably less than 5 micron and more preferably
from 1 — 3 microns. This results in particle settling velocities less than 0.07 cm/sec, allowing the
aerosol to “hang” in the air for long periods of time, thereby enhancing distribution in the
environment and evaporation of the fragrance. Air fresheners using pressurized aerosol cans
will typically have an aerosol particle size greater than 20 microns and thus much shorter
duration (hang time) of air freshening effect.

In further explanation of the above embodiments and in reference to Figure 3C, it is to
be realized that the region of the capillary tube 40 between electrodes 50 defines a heated
portion 90 (heated zone) along the capillary tube 40. Preferably the heated zone terminates
adjacent the outlet 45 (tip or discharge end) of the capillary tube 40. At initiation of a power
cycle, this heated portion 90 along the capillary tube 40 is already filled with liquid supplied via
capillary action from the liquid supply 10. Such capillary feeding may be through the wick 20 or
an extension of the capillary tube 40 or a combination of both. During the power cycle, any
tendency for liquid to be drawn into the heated zone 90 is interrupted by the volatilization of

liquid already within the heated zone 90, and preferably sufficient energy is applied along the
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heated portion of the capillary tube 40 to fully evacuate the liquid along the heated zone 90 by
conclusion of the power cycle. The requisite energy is readily resolved by knowing the volume
and therefore the mass of liquid contained along the heated zone 90 of the capillary tube 40, the
latent heat of that mass plus the specific heat of the volume/mass, with the addition of
approximately 25% margin to accommodate variations and losses. Such operation assures that
the liquid is fully evacuated and does not remain at any location along the heated zone 90 of the
capillary tube 40, so that feeding of the heated zone 90 via capillary action can resume after
completion of the power cycle and is not blocked. The time between power cycles
(aerosolization of liquid) is timed apart by a time greater than the time required for capillary
action to draw liquid from the liquid supply 10 and refill the heated zone 90.

Advantageously, this system achieves heated capillary aerosol generation without the
complications of a mechanical pumping apparatus. Semi-continuous operation may be
achieved by operating several capillary passages off of a common liquid supply 10 or separate
liquid supplies, and programming a controller to operate one capillary passage after another in
repeated sequence, with timing and the number of capillary passages being sufficient for the
capillary liquid supplying operations to reach completion between power cycles for a given
capillary passage.

The disclosed system is readily adapted to discharging fragrances (air fresheners and
the like), insect repellents, insecticides, fumigants, lubricants, pest and weed control agents,
and the like. In still air, including indoor applications, the aerosolization system as described
herein is particularly advantageous because of the enhanced linger time (hang time) of the
aerosol particles and the system's ability to create more plume with less liquid material, due to
the small particle size achieved with the disclosed aerosolizer verses previously existing
aerosolizers.

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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CLAIMS:

1. An air freshener for generation of aerosolized liquid fragrance material comprising:

a capillary passage having an inlet and an outlet;

a liquid supply operable to supply liquid fragrance material to the inlet of the capillary passage
only via capillary action; and

a power supply adapted to apply voltage across a heater arranged along the capillary passage
to heat liquid fragrance material in the capillary passage to a temperature sufficient to at least
partially volatilize liquid fragrance material in the capillary passage such that the liquid fragrance
material is driven out of the outlet of the capillary passage and forms aerosolized liquid

fragrance material.

2. The air freshener of Claim 1, wherein the liquid supply comprises a wick that delivers the

liquid fragrance material to the inlet of the capillary passage.

3. The air freshener of Claim 2, wherein the wick comprises a porous plastic wick.

4. The air freshener of Claim 1, wherein the capillary passage has a reduced diameter at

the outlet of the capillary passage.

5. The air freshener of Claim 4, wherein the capillary passage has a restricted orifice at the

outlet, the restricted orifice having a diameter of about 0.05 mm.

6. The air freshener of Claim 5, wherein the capillary passage has an internal diameter of
about 0.05 to 0.4 mm and a length of about 10 to 40 mm.

7. The air freshener of Claim 1, wherein the power supply includes a supercapacitor that

supplies an energy pulse to the heater.

8. The air freshener of Claim 1, wherein the capillary passage comprises the interior of a

stainless steel tube or the interior of a non-metallic tube.

9. The air freshener of Claim 1, further comprising control circuitry operable to deliver
power from the power supply to the heater in timed heating cycles such that the liquid fragrance

material is at least partially volatilized after capillary filling of the capillary passage.



10

15

20

25

30

35

WO 2009/027834 PCT/1IB2008/003020
10

10. The air freshener of Claim 1, wherein the fluid path between the liquid supply and heated
section of the capillary passage contains a restriction smaller in cross-sectional area than the

capillary passage cross-sectional area.

1. The air freshener of Claim 10, wherein the restriction is 25% - 75% of the cross-sectional

area of the capillary passage.

12. A method for pulsed generation of aerosolized fragrance material comprising:

drawing liquid fragrance material into a capillary passage having an inlet and an outlet
only via capillary action; and

periodically applying voltage across a heater arranged along the capillary passage to
heat liquid fragrance material in the capillary passage to a temperature sufficient to at least
partially volatilize the liquid fragrance material such that the fragrance material is driven out of

the outlet of the capillary passage and forms aerosolized fragrance material.

13. The method of Claim 12, comprising periodically applying voltage from a battery or an

alternating energy source or periodically applying voltage from a supercapacitor.

14. The method of Claim 12, further comprising:
drawing the liquid fragrance material into a wick from a liquid supply; and

drawing the liquid fragrance material into the inlet of the capillary passage from the wick.
15. The method of Claim 12, wherein heating the liquid fragrance material creates pressure
in the capillary passage, which expels the liquid fragrance material out of a restricted orifice at

the outlet of the capillary passage.

16. A method for repeated pulsed generation of aerosolized fragrance material comprising:

a) generating aerosolized fragrance material according to the method of Claim 10;
b) cooling the capillary passage; and
c) repeating steps a) and b).

17. The method of Claim 16, comprising cooling the capillary passage in less than 10

seconds.

18. The method of Claim 16, comprising generating aerosolized fragrance every 2 to 100

seconds.



10

15

20

25

30

35

WO 2009/027834 PCT/1IB2008/003020
11

19. The method of Claim 16, comprising generating aerosolized fragrance material at least

once an hour.
20. The method of Claim 16, comprising periodically applying voltage from a supercapacitor.

21. A method of producing an aerosol of liquid, comprising:

disposing a liquid along a zone of a capillary passage by drawing a liquid via capillary
action from a liquid supply into said zone;

repetitively applying heat according to a power cycle along at least a portion of said
zone, the heat of each power cycle being sufficient to volatilize substantially all said disposed
liquid along said zone so that during said power cycle, said drawing of liquid via capillary action
is interrupted and that at conclusion of each power cycle, said disposed liquid along said zone is
evacuated from said heated zone; and

spacing said power cycles sufficiently apart in time for said drawing liquid via capillary

action to resume and refill said zone between power cycles.

22. The method of Claim 21, wherein the power cycles are spaced apart in time to allow

cooling of the zone before refilling of the zone.
23. The method of Claim 21, wherein the volatilized qu'uid is discharged into open air.
24. The method of Claim 23, wherein the open air is in a room in a building.

25. The method of Claim 21, wherein the capillary zone is dry before the refilling via capillary

action occurs.

26. The method of Claim 21, wherein the heat applied is greater than the sum of the latent
heat of the mass of the liquid material disposed along the zone plus the specific heat of the

mass of the liquid.
27. The method of Claim 26, wherein the heated zone is 10 to 40 mm in length.

28. An aerosol generator to generate an aerosolized liquid material comprising:

a capillary passage having an inlet, an outlet and a zone along the capillary passage
between the inlet and outlet, the zone operable to be heated,

a liquid supply to supply a liquid material to the inlet of the capillary passage to be drawn

into the zone of the capillary passage via capillary action; and
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a power supply operable to repetitively apply heat according to a power cycle along at least a
portion of the zone of the capillary passage to volatilize the liquid material disposed in the
heated zone so that during the power cycle, the drawing of liquid via capillary action is
interrupted and that at conclusion of each power cycle, the disposed liquid along the zone is
evacuated from the heated zone, the power cycles sufficiently spaced apart in time for drawing

liquid via capillary action to resume and refill the zone between power cycles.
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