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about one micron, extends through the opening in the container. When the liquid is added to the container, a lower region of the
porous wick Is In contact with the liquid and an upper region of the porous wick Is exposed to the ambient air. The opening In the
container Is also substantially sealed by the Iinsertion of the porous wick.
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(57) Abstract: A wick-based delivery system includes a container (1) for holding a liquid. The
container (1) has an opening at its top surface and is non-vented. A porous wick (3), having a
predetermined mean pore size of less than about four microns, and preferably less than about one
micron, extends through the opening in the container. When the liquid is added to the container,
a lower region of the porous wick is in contact with the liquid and an upper region of the porous
wick is exposed to the ambient air. The opening in the container is also substantially sealed by
the insertion of the porous wick.
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DEVICE FOR DIFFUSING VOLATILE SUBSTANCES TO AMBIENT AIR COMPRISING A WICK WITH
PREDETERMINED POROSITY

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a device for transporting liquids, such as insect

repellant, fragrances, or insecticides, from a reservoir to a surface exposed to the ambaient air.

2. Description of the Related Art

[0002] Devices that release vapors into the ambient air are well-known in the art. Generally,
the purpose of these devices is to deodorize or disinfect the ambient air, or to distribute toxins

into the air to kill or repel unwanted pests, such as mosquitoes.

[0003] To achieve the goal of dispensing vapors into the air, a number of methods has been
employed. For example, aerosol containers have been used to eject vapors into the air upon
the activation of a trigger by the user. Other methods, however, utilize the evaporative
properties of liquids, or other vaporizable materials, to cause vapors with desired properties to
be distributed into the ambient air. One such evaporative method utilizes a wick to deliver a
vaporizable liquid from a reservoir to a surface exposed to the ambient air. As the liqud
reaches the exposed surface, the liquid is vaporized and dispersed into the ambient air. The

exposed surface may be either the surface of the wick or the surtace of another body 1n fluid

communication with the wick.

[0004] Because such wick-based delivery systems require the exposure of a surface to the
ambient air and a path for the vaporizable liquid to reach that exposed surtace, caretul
designing of the device is necessary to prevent unwanted leakage of the liquid from the

device. Moreover, since these liquids typically are intended to be dispersed only 1n their
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vaporized form, these liquids tend to consist of a high concentration of the active ingredient
(e.g., fragrance or insecticide). Therefore, even a small amount of leakage can be bothersome
to the consumer, and it is a goal of designers of wick-based delivery systems to minimize the
possibility that any leakage of the liquid from the bottle will occur. Of course, 1t 1s also a
desired goal of manufacturers of wick-based delivery systems to create a device that is simple

and effective in operation, as well as simple and cost-ettective to manufacture.

[0005] When wick-based delivery systems are accidentally overturned, either during
packaging, shipping, or use by the consumer, spilling or leakage of the liquid can occur.
Such leakage can occur through the wick itself, or through any other opening in the wick-
based system. One particular source of leakage is through a vent-hole in the bottle. Vent-
holes are common in wick-based delivery systems because they help maintain a constant
release rate of the liquid into the ambient air by preventing the formation of a vacuum in the

head-space of the bottle.

[0006] The wick transports the liquid to the surface of the wick by a principle called capillary
action. In particular, the wick material contains numerous pores, and these pores act as
capillaries, which cause the liquid to be drawn into them. As the liquid 1s drawn from the
reservoir and transported up the porous wick, a vacuum is created in the head-space ot the
bottle. The formation of a vacuum 1n the head-space of the bottle decreases the rate that the
liquid is wicked from the reservoir to the surface. Of course, this decrease in the wicking rate

translates directly into a decrease in the release rate of the evaporated liquid to the ambient

air.

[0007] In order to combat the formation of the vacuum 1in the head-space, conventional wick-
based delivery systems contain a vent-hole in the vicinity of the head-space of the bottle.
These vent-holes prevent the formation of a vacuum in the head-space of the bottle and,

therefore, prevent the occurrence of a decrease in the release rate of the liquid to the ambient

air.
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[0008] As noted above, however, vent-holes are a source of leakage of the liquid from the

reservoir during shipping and/or handling of the bottle by the consumer.

[0009] An example of a wick-based, controlled release device 1s described in U.S. Patent No.
4,915,301. This patent discloses a bottle for dispensing a liquid in vapor phase. More
specifically, the bottle contains a liquid and that liquid 1s absorbed by a wick and conveyed to
a porous body. The liquid then spreads through the porous body and reaches a microporous
membrane which permits the liquid to be discharged as a vapor into the atmosphere. The
membrane serves to enable emission of vapors of the liquid, while preventing passage of the
liquid itself. Although the membrane helps prevent spillage of the liquid through the wick,
this system requires a vent-hole in the head-space of the bottle, through which the liquid may
spill or leak. This system also requires the manufacture and arrangement of three elements
(1.e., the wick, porous body, and membrane) in order to transport the liquid from the reservoir

to the ambient air.

[0010] U.S. Patent No. 4,419,326 discloses a vapor dispensing device in which at least one
porous wick extends to transfer an evaporative agent from a container to a porous plastic
element that is exposed to the ambient. However, this patent discloses that the vapor pressure
in the head-space of the container should be maintained at least at the level of the ambient
pressure. In order to achieve this, the patent suggests that a wicking element can be used to

act as a vent-hole to relieve the build-up of pressure in the head-space of the container.

[0011] U.S. Patent No. 5,437,410 discloses a passive aromatic substance dispenser that does
not require a vent-hole. However, the design of the dispenser 1s inverted and, therefore,

utilizes the influence of gravity to draw the aromatic substance through the dispenser.

[0012] Another inverted device is disclosed in U.S. Patent No. 6,109,539. This patent

discloses a device that comprises a housing, a volatile substance, a porous plug, and an
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interior region. The housing is constructed of a material that is substantially permeable to

ambient air, but substantially impermeable to the volatile substance contained within the

housing.

[0013] Other patents have disclosed using stoppers that allow the passage of air, thus
creating an effective vent-hole. For example, U.S. Patent No. 4,413,779 relates to a vapor
dispensing device in which at least one rigid porous wick extends to transter a liquid from the
container to a porous plastic element from the surface of which dispersion of the agent will
occur by means of evaporation. Pressure control in the head-space ot the container 1s
achieved by permitting sufficient air to pass through a stopper that 1s positioned between the
reservoir and the plastic element. U.S. Patent No. 4,413,779 also discloses that a volatile
liquid that produces a vapor pressure within the container equal to or exceeding the ambient

pressure can be used to counter the effects of the formation of a vacuum in the head-space.

[0014] Another attempt to prevent leakage of the liquid in a wick-based delivery system 1s
disclosed in U.S. Patent No. 3,550,853. This patent relates to a dispenser unit with a barrier
or wad of porous resilient plastic foam through which a saturated vapor must pass as it 1s
emitted into the ambient air. The density of the plastic foam matenal is selected so that 1t
permits the passage of vapor from a storage chamber, but occludes the passage of liquid.

This helps prevent leakage when the device 1s overturned. However, this design calls for both

a wick and a plastic foam material in order to disperse the vaporizable material from the

liquid to the ambient air.

[0015] None of these patents, however, teaches the use ot a very small porosity wick in a
wick-based delivery system to solve the problems of leakage of the liquid through the
exposed surface or through a vent hole. The use of a very small porosity wick allows for a
steady release rate that is unaffected by the formation of a vacuum in the head-space of the
container. In addition, the use of a very small porosity wick minimizes the opportunity for

spillage of the vaporizable liquid by eliminating the need for a vent hole and, at the same
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time, minimizes the opportunity for spillage of the vaporizable liquid at the exposed surface
of the wick. Finally, because a small porosity wick serves both to eliminate spillage from the
wick and from a vent hole, a wick-based delivery system using such a wick can be both

simple in design and cost-effective to manufacture.

SUMMARY OF THE INVENTION

[0016] In one aspect, the present invention provides a device comprising: (a) a container for
holding a liquid, wherein the container 1s non-vented and has an opening at a top surface, and
(b) a porous wick, having a predetermined mean pore size of less than about four microns.
The porous wick extends through the opening in the container and a lower region of the
porous wick will be in contact with the liquid to be held by the container and an upper region
of the porous wick is exposed to the ambient air. The opening in the container is also

substantially sealed by the insertion ot the porous wick.

[0017] In another aspect, the present invention provides a device comprising: (a) a container
for holding a liquid, wherein the container i1s non-vented and has an opening at a top surface,
and (b) a porous wick, having a predetermined mean pore size of less than about one micron.
The porous wick extends through the opening in the container and a lower region of the
porous wick will be in contact with the liquid to be held by the container and an upper region
of the porous wick is exposed to the ambient air. The opening 1n the container is also

substantially sealed by the insertion of the porous wick.

[0018] In yet another aspect, the present invention provides a device comprising: (a) a liquid,
(b) a container for holding the liquid, wherein the container 1s non-vented and has an opening
at a top surface, and (c) a porous wick, having a predetermined mean pore size of less than
about four microns. The porous wick extends through the opening in the container and a

lower part of the porous wick 1s in contact with the liquid and an upper part of the porous
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wick 1s exposed to the ambient air. The opening in the container 1s also substantially sealed

by the insertion of the porous wick.

[0019] In a further aspect, the present invention provides a device comprising: (a) a liquid,
(b) a container for holding the liquid, wherein the container 1s non-vented and has an opening
at a top surface, and (c) a porous wick, having a predetermined mean pore size of less than
about one micron. The porous wick extends through the opening in the container and a lower
part of the porous wick 1s in contact with the liquid and an upper part of the porous wick is
exposed to the ambient air. The opening in the container is also substantially sealed by the

insertion of the porous wick.

[0020] A better understanding of these and other features and advantages of the invention
may be had by reference to the drawings and to the accompanying description, in which

preferred embodiments of the invention are illustrated and described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1 shows an exploded view of a wick-based delivery system according to a first

preferred embodiment of the present invention.

[0022] Figure 2 shows a side view of a wick according to another preferred embodiment of

the present invention.

[0023] Figure 3 shows a view of a wick-based delivery system according to the present

invention being utilized in conjunction with an optional electric plug-in heater.

[0024] Throughout the figures, like or corresponding reference numerals have been used for

like or corresponding parts.
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DETAILED DESCRIPTION OF THE INVENTION

[0025] The present invention relates to a wick-based delivery system for transporting a liquid
from a reservoir to a surface that is exposed to the ambient air. In its simplest form, the
system of the invention comprises a container for holding a liquid, and a wick for transporting

the liquid from the container to an upper surface of the wick.

[0026] The container can be formed 1n a variety of shapes. In Figure 1, for example, the
container is a bottle 1 of conventional shape. A vaporizable liquid 1s added to the bottle 1.
(The level of the liquid is not shown in the bottle 1.) A wick 3 should be shaped so that it fits
snugly into a neck 5 of the bottle 1. It is preferable to use a neck closure 2, such as that
shown in Figure 1, to hold the wick 3 in place and to prevent leakage around the neck S of the
bottle 1. The fit between the neck closure 2 and the bottle 1 should be tight enough to prevent
leakage of the liquid from the bottle 1. Likewise, the fit between the neck closure 2 and the

wick 3 should be sufficiently tight to prevent leakage of the liquid from the bottle 1.

[0027] In addition, the neck 5 of the bottle 1 can be shaped so that a cover 4 can be securely
fastened over the wick 3 and neck closure 2. For example, the outer neck 5 of the bottle 1
may be threaded so that a cover 4 can be screwed on top of the bottle 1 when the device is not

1N use.

[0028] The bottle 1 and the neck closure 2 can be made of any suitable material that 1s
leakproof. Of course, the size of the opening in the bottle 1 and the size of the neck closure 2
are dependent upon each other and upon the size of the wick 3 that is to be used with the

device.

[0029] As described above, when the liquid 1s drawn from the bottle 1 and transported up the
porous wick 3, a vacuum is created in the head-space ot the bottle 1. The formation of a

vacuum in the head-space of the bottle 1 decreases the rate that the liquid 1s wicked tfrom the
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bottle 1 to the surface. Of course, this decrease in the wicking rate translates directly into a

decrease 1n the release rate of the liquid to the ambient air.

[0030] In order to combat the formation of the vacuum in the head-space of the bottle 1,
many wick-based delivery systems contain a vent-hole in the vicinity of the head-space ot the
bottle 1. These vent-holes prevent the formation of a vacuum 1n the head-space of the bottle
1 and, therefore, prevent the occurrence of a drop in the release rate of the liquid to the

ambient air.

[0031] If the bottle 1 is overturned, either during shipping or, later, during handling of the
bottle by the consumer, it is possible for the concentrated liquid in the bottle 1 to leak out of

the vent-hole. Therefore, it is preferable to design a device that does not require a vent-hole.

[0032] We have found that if the pore size of the wick 3 1s below a critical size, the vent-hole
can be eliminated without sacrificing the release rate of the vaporizable liquid into the
ambient air. Because the capillary force increases as the pore size of the wick 3 decreases, a
wick 3 with very small porosity has a very strong capillary force. This strong capillary force
allows the wick 3 to continue to be able to transport the liquid from the bottle 1 to the surface
of the wick 3 even though a vacuum has formed in the head-space of the bottle 1. In other
words, a wick 3 with a very small pore size 1s able to overcome the vacuum effect that is

present in the head-space ot the bottle 1.

[0033] The critical size of the wick 3 is determined by the surface tension of the liquid, the
compatibility of the wick 3 and liquid (1.e., the contact angle), and the extent to which a
vacuum is generated with the head-space of the bottle 1. In particular, we have found that if
the wick 3 1s manufactured with a mean pore size that is below about four microns, the effects
of a vacuum in the head-space of the bottle 1 can be greatly decreased. Specifically, we have
found that 1t is most preferable that the mean pore size of the wick 3 be below about one

micron. When the wick 3 has a mean pore size of below four microns, and preferably below
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one micron, we have found that the wick 3 i1s still able to eftectively function to transport the

liquid from the bottle 1 to the surface of the wick 3.

[0034] When using a device of this invention, it is not necessary to provide a vent-hole in the
upper part of the bottle 1, or in the neck closure 2 because the vacuum etfects are
substantially decreased. By eliminating the vent-hole, the problem of spillage or leakage that

occurs as a result of the existence of the vent-hole 1s also eliminated.

[0035] The mean pore size of the wick 3 can be determined by any standard test for
determining porosity and pore size distribution. For example, mercury porosimetry is a
method that gives information on porosity and pore size distribution for rigid wicks. It is

based on the measurement of differential increments in the amount of mercury intruded into

the wick 3 as a function of increasing applied pressure.

[0036] We have found that another advantage in using a wick 3 with a mean porosity of
below about four microns, and preferably below about one micron, 1s that the lower porosity
decreases the likelihood of the liquid spilling or leaking through the wick 3 itself. Since the
upper surface of the wick 3 1s exposed to the ambient air, if the bottle 1 1s overturned, it is
possible for liquid to leak out through a wick of conventional pore sizes. Using a smaller

porosity wick 3 of this invention, however, decreases the ability of the liquid to travel through

the wick 3 when the bottle 1 is overturned.

[0037] The wick 3 can be made of a variety of materials. It is preferable that the wick 3 be
rigid enough to provide minimal contact area with the surtace that the wick 3 comes 1n
contact with. Polymeric wicks, for example, have been found to be etfective tor these
purposes. In particular, wicks composed of ultra high molecular weight, high density
polyethylene (HDPE) have been found to be suitable. Such wicks are generally comprised of
blends of HDPE in particle form, and the blends are developed to meet the target pore

characteristics of the wick 3.
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[0038] Preferably, the solubility parameter of the polymer used in the wick 3 1s significantly
different from that of any of the components contained in the liquid. This prevents the wick 3
from swelling (or other changes) that may lead to a change in the pore size and porosity of the
wick 3, which would consequently affect the release rate of the vaporizable liquid into the

ambient air.

[0039] The wick 3 can also be made in a variety of shapes. Figure 1, for example, shows a
cylindrical wick 3 with a narrower lower region. This change 1n shape ot the wick 3 1s not
required. Instead, this variation in shape can be useful 1n that 1t both increases the amount of
the surface area of the wick 3 that is exposed to the ambient air and aids in forming a tighter
seal at the neck 5 area of the bottle 1, thus helping to prevent spilling or leaking of the liquid
from the bottle 1. The above-described benefits of using a wick 3 with a mean pore size of
below about four microns, and preferably below about one micron, can be obtained with

wicks of many different shapes.

[0040] As shown in Figure 2, 1t is also possible to provide a wick 3 with an outer layer that is
made up of a material with larger pore sizes. In Figure 2, the large pore outer section 3b
completely surrounds the exposed portion of the wick 3a. The small pore size section 3a
extends into the bottle 1 and is in contact with the liquid. In this manner, the smaller pores of
the inner portion 3a of the wick 3 allow the delivery system to be constructed without a vent-
hole, while the larger pores of the outer portion 3b provide a maximum release rate of the
vaporizable liquid off the surface of the wick 3 that is exposed to the ambient air. It should
be noted, however, that the large pore section 3b need not completely surround the upper
region of the small pore section 3a as shown in Figure 2 in order to provide the benefits of

this invention.
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[0041] We also envision that our wick-based delivery system can be combined with an
electric heater to facilitate the release of the vaporizable material into the ambient air. Figure

3 shows an example of the type of electric heater 7 that may be used for this purpose. U.S.
Patent No. 5,647,053 describes such an electric plug-in heater. Other means for facilitating
the use of the wick-based delivery system of the invention are also envisioned. For example,
the invention may also be combined with a battery powered fan. Although not required, it is
preferable that the wick-based delivery system of the invention be combined with the electric
plug-in heater or fan in a removable manner. For example, the wick-based delivery system

of the invention may constructed so that the bottle 1 can be combined with an electric plug-in

heater 7, for example, in a snap-and-fit manner as shown in Figure 3.

[0042] While particular embodiments of the present invention have been illustrated and
described, it will be apparent to those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of the invention. Furthermore, it is

intended that the claims will cover all such modifications that are within the scope of the

invention.

INDUSTRIAL APPLICABILITY

[0043] The present invention provides a device useful as a means to transport a liquid from a
reservoir to a surface that is exposed to the ambient air. We envision that this device
preferably can be used, for example, to dispense fragrances, insecticides, and any other

vaporizable materials into the ambient air to freshen or deodorize the air or to exterminate

airborne pests.
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Claims

1. A device comprising:

a container for holding a 1liquid, the container
being non-vented and having an opening at a top surface
of the container; and

a porous wick having a predetermined mean pore size
of less than about one micron, the wick extending through
the opening in the container such that a lower region of
the wick will be in contact with the liquid to be held by
the container and an upper region of the wick i1s exposed
to the ambient air, wherein the opening in the container
is substantially sealed by the wick;

characterized in that the device, further comprises:

a neck closure having a hole, wherein the neck
closure fits tightly into the opening of the container
and the wick fits tightly into the hole of the neck
closure, such that the opening of +the container 1is

substantially sealed by the neck closure and the wick;

and
an outer layer of porous material that surrounds at
least a portion of the surface of the wick that 1is

exposed to the ambient air, wherein the outer layer has a

predetermined mean pore size that 1s greater than that of

the wick.

2. The device of claim 1, wherein the wick is comprised

of high-density polyethylene.

3. The device of claim 1, wherein the outer layer
completely surrounds the surface of the wick that 1is

exposed to the ambient air.
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4. The device according to any one of claims 1 to 3,
further comprising a heater arranged adjacent to the wick

for heating liquid drawn through the wick.

5. The device of claim 7, wherein the heater 1s an

electric plug-in heater.

6. The device according to any one of claims 1 to 5,

further including a fan.

7. The device according to any one of claims 1 to 6,

further including the liquid held in said container.
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