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Description

[0001] The present invention relates to means for the
distribution of a liquid active material, such as a perfume,
air freshener, insecticide formulation, or other material,
in the form of fine particles or droplets, as in a fine spray,
by means of a piezoelectric device. In particular, the in-
vention is directed to a piezoelectric liquid delivery sys-
tem for production of droplets of liquid, or liquid suspen-
sions, by means of an electomechanical or electroacous-
tical actuator. More specifically, the present invention re-
lates to a battery operated dispenser utilizing an orifice
plate in communication with a piezoelectric element. By
control of the viscosity and surface tension of the liquid
to be dispersed, an improved method of dispensing such
liquids is achieved.

Background Art

[0002] The distribution of liquids by formation of a fine
spray, or atomization, is well known. One method for such
distribution is to atomize a liquid by means of the acoustic
vibration generated by an ultrasonic piezoelectric vibra-
tor. An example of such a method is shown in Carter, US
Patent 4,702,418, which discloses an aerosol dispenser
including a nozzle chamber for holding fluid to be dis-
pensed and a diaphragm forming at least a portion of the
chamber. An aerosol dispensing nozzle is disposed
therein, with a restrictive passage for introducing liquid
from the reservoir to the nozzle. A pulse generator in
combination with a low voltage power source is used to
drive a piezoelectric bender, which drives fluid from the
reservoir through the nozzle to create an aerosol spray.
[0003] Another atomizer spraying device is shown by
Humberstone et al, in U.S. Patent 5,518,179, which
teaches aliquid droplet production apparatus comprising
a membrane which is vibrated by an actuator which has
a composite thin-walled structure, and is arranged to op-
erate in a bending mode. Liquid is supplied directly to a
surface of the membrane and sprayed therefrom in fine
droplets upon vibration of the membrane.

[0004] U.S. Patents 5,297,734 and 5,657,926, of To-
da, teach ultrasonic atomizing devices comprising pie-
zoelectric vibrators with a vibrating plate connected
thereto. In U.S. Patent 5,297,734, the vibrating plate is
described as having a large number of minute holes
therein for passage of the liquid.

[0005] While a number of additional patents disclose
means for the dispersion of liquids by ultrasonic atomi-
zation, or for timed intervals of dispersion, they have
achieved only moderate success in the efficient atomi-
zation of such materials as perfumes. See, for example,
U. S. Patents 3,543,122, 3,615,041, 4,479,609,
4,533,082, and 4,790,479. A study of the atomization of
liquids of various viscosities and surface tensions is con-
tained in the Journal of the Acoustical Society of Japan,
Vol. 44, No. 6, pp. 425-431. The precharacterizing part
of claim 1 is based on apparatus shown in this article.
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[0006] Known atomizers fail to provide an easily port-
able, battery operated dispenser employing an orifice
plate in mechanical connection with a piezoelectric ele-
ment, capable of long periods of use with little or no var-
iation in the delivery rate. Thus, a need exists for im-
proved atomizers or dispensers for use in distribution of
active fluids such as fragrances and insecticides, which
atomizers are highly efficient and consume minimal elec-
trical power while providing wide dispersal of the liquid.

Disclosure of Invention

[0007] The invention provides apparatus for forming a
finely dispersed liquid mist and is defined in claim 1 be-
low. The invention also provides a method as defined in
claim 8 below and a liquid supply package as defined in
claim 9 below.

[0008] A primary purpose of the present invention in
one aspect is to provide a highly efficient method for dis-
pensing such liquids as perfumes, air fresheners, or other
liquids. Such other liquids include household cleaning
materials, sanitizers, disinfectants, repellants, insecti-
cides, aroma therapy formulations, medicinals, thera-
peuticliquids, or other liquids or liquid suspensions which
benefit from atomization for use. These compositions
may be aqueous, or comprise various solvents.

[0009] Itis an object of an embodiment of the present
invention to provide an easily portable, battery operated
dispenser employing a domed orifice plate in mechanical
connection with a piezoelectric element. It is a further
object to provide a piezoelectric pump capable of oper-
ating efficiently for months, on low voltage batteries, while
maintaining consistency of delivery throughout the peri-
od. Included in such object is to provide a piezoelectric
atomizer capable for use with such electrical sources as
9 volt batteries, conventional dry cells such as "A", "AA",
"AAA", "C", and "D" cells, button cells, watch batteries,
and solar cells. The preferred energy sources for utiliza-
tion in combination with the present invention are "AA"
and "AAA" cells.

[0010] In still another object of an embodiment of the
invention it is desired to provide a liquid delivery system
capable of atomizing such liquids as fragrance oil or in-
secticide formulations linearly over time, while maintain-
ing the same character/composition on the last day as
was delivered on the first, i.e. with no component change
or separation with time. The electronics of such a unit
may be programmable, and may be used to seta precise
delivery rate (in miligrams per hour, hereinafter
mg/hr).Alternatively, the electronic circuitry may allow the
consumer to adjust intensity or effectiveness to a desired
level for personal preference, efficacy, or for room size.
[0011] Another object of an embodiment of this inven-
tion is to provide small particles of pure fragrance or in-
secticide formulation which may be propelled intermit-
tently from the unit to form a small "cloud" or "puff," which
particles quickly diffuse and move throughout a large ar-
ea on air currents present in said area. It is found that
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the small size of such particles, and the correspondingly
large ratio of surface area to mass, result in these liquid
particles evaporating quickly and uniformly. In preferred
embodiments, the delivery system operates with a linear
delivery rate for several months on a single 1.5 volt "AA"
size battery, delivering uniform volumes of essentially
equally sized droplets of the liquid for the entire period.
[0012] In the preferred embodiment of the present in-
vention, these and other objects of this invention are
achieved by an atomizer for fragrances, insecticide for-
mulations, and other liquids such as set forth in the ap-
pended claims, wherein the atomization system includes
achamber for the liquid to be dispensed, means to supply
the liquid from said chamber to an orifice plate for dis-
persal of the liquid, a piezoelectric element, an energy
source, and circuitry to drive and control the piezoelectric
element. The fragrance, insecticide formulation, or other
desired liquid is supplied to the back side of the orifice
plate through a liquid transport means such as a capillary
feed system that delivers the liquid in surface tension
contact with the plate The piezoelectric element may be
driven by circuitry powered by a small battery, causing
the element to vibrate and forcing liquid through the ori-
fice plate, which has one or more small tapered or conical
holes therein, perpendicular to the surfaces thereof, the
exit of said holes being on the order of from about 1 to
about 25 microns, preferably from about 4 to about 10
microns, and most preferably from about 5 to about 7
microns in diameter. It has been found that by limiting
the use of liquids to those which exhibit viscosity below
10 mPa s (10 centipoise), and which have surface ten-
sions below about 35 mNm-1, and preferably in the range
of from about 20 to about 30 mNm-! (dynes per centim-
eter) superior results are attained. The present invention
thus provides a means for uniform atomization of the lig-
uid to be dispensed throughout the total period of disper-
sion, such that the amount dispersed per time unit at the
commencement of dispersion does not vary from the
amount dispersed near or at the finish of dispersion. Vis-
cosity is in centipoise, as determined using the Bohlin
CVO Rheometer system in conjunction with a high sen-
sitivity double gap geometry. Surface Tension results, in
dynes per centimeter, were generated using the Kruss
K-12 tensiometer operating under the Wilhelmy Plate
protocol. These and still other objects and advantages
ofthe present invention will be apparent from the descrip-
tion which follows, which is, however, merely of the pre-
ferred embodiments. Thus, the claims should be looked
to in order to understand the full scope of the invention.

Brief Description Of The Drawings

[0013]

Figure 1 is a partial isometric view of a circuit board
suitable for use in a. piezoelectric atomizer in ac-
cordance with a preferred embodiment of the present
invention.
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Figure 2 is an isometric view of a liquid container and
liquid transport means suitable to bring the liquid to
the surface of the orifice plate.

Figure 3 is a cross sectional view showing the rela-
tionship of the liquid container, the feed means, and
the piezoelectric element.

Figure 4 is a magnified detail of the area of Figure 3
enclosed within the circle.

Figure 5 is a top view of the piezoelectric element
and the printed circuit board mounted on the chassis
of a preferred embodiment.

Figure 6 illustrates a much simplified cross-sectional
diagram of a piezoelectric pump assembly suitable
for use with a preferred embodiment of the present
invention.

Modes For Carrying Out The Invention

[0014] Itis to be understood that the Figures, and the
discussion below, are directed to preferred embodiments
of the invention, but that the invention itself is broader
than the illustrations given. Specifically, the invention is
equally applicable to other forms of piezoelectric atomi-
zation, such as the use of cantilever beams and/or am-
plifying plates, as well as atomizers driven by conven-
tional electric power, i.e. wall plug, rather than battery
powered.

[0015] Figure 1 illustrates the general relationship be-
tween the printed circuit board, 1, and the piezoelectric
element 2 located therein. The circuit board, 1, is illus-
trated without the electronic circuitry and battery associ-
ated therewith for clarity and ease of understanding of
the present invention. Itis also to be understood that the
circuit board may be, in use, attached to the chassis of
the dispenser, which chassis may in turn be placed in a
decorative shell-like housing or receptacle (not shown)
for use. The chassis board 11 is shown in top view in
Figure 5, while the housing is not illustrated. The deco-
rative receptacle or housing may be of any form or shape
suitable for the purpose of retaining and protecting the
elements of the dispenser while providing a pleasing ap-
pearance to the consumer, and permitting passage of
the liquid, in spray form, from the dispenser to the atmos-
phere. As such, the dispenser housing may be advanta-
geously produced by high speed molding of any material
suitable for use with, and contact with, the liquid to be
dispensed.

[0016] Piezoelectric element 2 may be mounted as il-
lustrated in the circuit board 1, held in place by grommet
4, or by any similar suitable means which does not inhibit
vibration of the element. The piezoelectric element 2, in
the form of a ring, is positioned in an annular relationship
to the orifice plate 3, and is attached to the orifice plate
flange so as to be in vibratory communication therewith.
The piezoelectric element generally comprises a piezo-
electric ceramic material, such as a lead zirconate titan-
ate (PZT) or lead metaniobate (PN), but may be any ma-
terial exhibiting piezoelectric properties.
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[0017] The orifice plate comprises any conventional
material suitable for the purpose, but is preferably com-
prised of an electroplated nickel cobalt composition
formed upon a photoresist substrate which is subse-
quently removed in conventional manner to leave a uni-
form porous structure of nickel cobalt having a thickness
of from about 10 to about 100 microns, preferably from
about 20 to about 80 microns, and most preferably about
50 microns. Other suitable materials for the orifice plate
may be utilized, such as nickel, magnesium-zirconium
alloy, various other metals, metal alloys, composites, or
plastics, as well as combinations thereof. By forming the
nickel cobalt layer through electroplating, a porous struc-
ture having the contour of the photoresist substrate may
be produced, in which permeability is achieved by for-
mation of conical holes having a diameter of about 6 mi-
crons on the exit side, and a larger diameter on the en-
trance side. The orifice plate is dome shaped, i.e. some-
what elevated at the center, but may vary from parabolic
to arc shaped, or hemispherical in shape. The plate
should have a relatively high bending stiffness, to assure
that the apertures therein shall be subject to essentially
the same amplitude of vibration, so as to simultaneously
eject droplets of liquid which are uniform in diameter.
[0018] While shown in the form of an annular ceramic
piezoelectric element surrounding an orifice plate or ap-
erture, it is also conceived that the present invention is
also suitable for use with a conventional piezoelectric
element comprising an oscillator and a cantilever beam
in contact with a diaphragm, nozzle, or orifice plate suit-
able for dispersion of liquid droplets or fog.

[0019] Also shown in Figure 1 is the liquid container 5
for storage and provision of the fragrance, air freshener,
insect control liquid, or other material to be dispensed.
Asillustrated, the container is closed by a closure 8. Also
shown are bayonet clips 6, which are present to hold a
removable top closure, or cap, not shown, which is used
in transport and storage of the container, and may be
removed easily when it is desired to put the container
into the dispenser and permit use of the contents thereof.
From bottle opening 9, exiting through the closure 8,
projects the liquid supply means 7, a wick or dome
shaped liquid feed medium. For convenience, we shall
refer to the liquid supply means as a wick, although it
may comprise anumber of varying shapes and materials,
from hard capillary systems to soft porous wicks. The
function of the wick is to transport liquid from container
5 to a position in contact with the orifice plate. Accord-
ingly, the wick should be unaffected by the liquid being
transported, porous, and permit compliance with the or-
ifice plate. The porosity of the wick should be sufficient
to provide a uniform flow of liquid throughout the range
of flexibility of the wick, and in any configuration thereof.
To best transport the liquid to the surface of the orifice
plate, it has been found necessary that the wick itself
physically contact the plate to transfer the liquid to the
orifice plate. Liquid is preferably delivered to the orifice
plate in such a manner that essentially all delivered liquid
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will adhere to and transfer to the plate surface by surface
tension. Among suitable wick materials, we have found
it preferable to utilize such materials as paper, or fabrics
of nylon, cotton, polypropylene, fiber glass, etc. The wick
is shaped to conform to the surface of the orifice plate to
which it is juxtaposed, and held in the correct position by
awick holder or positioner, 10, located in the bottle open-
ing 9, of the closure 8 of liquid container 5. Liquid will flow
readily fromthe wick to the plate as a result of the viscosity
and surface tension of the liquid. It is to be noted that the
wick is intended to be included as an integral part of a
liquid resupply unit, which will comprise the container,
the liquid, the bottle closure, the wick, and the wick holder
or positioner, as well as a top closure to seal the unit for
storage and shipment. Such a unit may thus comprise a
refill bottle for the dispenser, suitable to be placed in the
dispenser at the consumers convenience. To this end,
the liquid container 5 may have attachment means 16 on
the bottle closure 8, for insertion into a suitable receiving
means in the chassis 11 to lock it in operative position,
after removal of the top closure or cap.

[0020] Figure 3 illustrates, in cross sectional view, the
relationship between the liquid container 5, the wick 7,
the piezoelectric element 2, and the orifice plate 3 of a
specific preferred embodiment of the invention. The pi-
ezoelectric element 2 is positioned, for example, in print-
ed circuit board 1, by grommets 4, or by any suitable
means which does not restrict vibration of the piezoelec-
tric element. In a preferred embodiment of the invention,
the annular piezoelectric element surrounds the orifice
plate 3, in mechanical connection therewith. The orifice
plate is, in turn, in contact with the wick 7, permitting the
liquid to be dispensed from the container 5 to the orifice
plate, where transfer occurs through surface tension con-
tact. Not shown is the chassis board 11 of the dispenser,
which holds the circuit board 1 and the liquid container
in the appropriate position to bring wick 7 into juxtaposi-
tion with the orifice plate 3. Wick 7 is held in the opening
of closure 8 by the wick holder 10, which permits adegree
of freedom to the flexible wick 7, so as to allow a range
of adjustment thereof, while wick tail 15 assures complete
utilization of all the liquid in the container 5. This degree
of freedom permits self-adjustment of the wick relative
to the surface of the orifice plate, to compensate for var-
iations in position resulting from the vagaries of manu-
facture, and provides for a compliant feed means for
transfer of the liquid from the container to the face of the
orifice plate. As will be apparent to one skilled in the art,
the height of the wick, as shown in Figures 3 and 4, may
be adjusted to vary the liquid gap 14, as shown in Figure
4, and to assure an appropriate degree of contact be-
tween the wick and the plate. For a more detailed view
of the relationship between the wick and the orifice plate,
attention is directed to Figure 4, a magnified detail of a
section of Figure 3, wherein is shown the looped wick 7,
in juxtapostion with domed orifice plate 3, thereby creat-
ing a liquid gap 14, in which the liquid to be transferred
is in surface tension contact with the orifice plate. While
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Figure 4 shows the wick and the plate as not actually in
contact, it is to be understood that this gap is for illustra-
tion only, and that plate 3 does in fact contact the wick 7
for transfer of the liquid. As shown, the passage of the
wick 7 through the opening 9 in the closure element 8 is
controlled by the wick holder/positioner 10. Figure 4 also
shows the mounting grommet 4 for the piezoelectric el-
ement 2, orifice plate 3, and the orifice plate flange 12,
as well as the clips 6 which hold the removable cap (not
shown) to the bottle closure 8.

[0021] Figure 5 is a top view, showing the relationship
of circuit board 1, piezoelectric element 2, orifice plate 3,
mounting grommet 4, and the chassis board 11. As pre-
viously indicated, the piezoelectric element 2, in annular
relationship to the orifice plate 3, is held in place in the
circuit board 1 by the grommet 4. The circuit board is
mounted on chassis board 11 in conventional manner,
such as with clips 17 and positioning brackets 18.
[0022] InFigure 6, asimplified cross sectional diagram
of the invention illustrates the overall relationship of var-
ious elements. The orifice plate 3 is shown as including
orifice plate flanges 12, which are in turn attached to the
piezoelectric element 2 by suitable attachment means
13, such as epoxy adhesive. The wick 7 is illustrated in
partial contact with the orifice plate 3, creating liquid gap
14, by which the liquid to be dispensed is transferred to
the orifice plate. The wick is shown as also comprising
fabric tails 15, which extend into the liquid container 5.
not shown.

[0023] As indicated above, it has been learned that
specific combinations of improvements in the elements
and methods of use of the dispenser described result in
surprisingly superior results. For example, it has been
learned that to most readily achieve a steady and even
flow of liquid for an extended time period from the liquid
container to the orifice plate of the piezoelectric dispens-
ing means, the viscosity and surface tension of the liquid
must be controlled carefully. While such control is most
beneficial in the preferred embodiment of the dispenser
apparatus as described, it has been found to be of benefit
in dispensers of varying configuration and elements.
[0024] It has been found that the viscosity of the dis-
pensed liquid should be controlled to a value of below
about 10 mPa s (10 centipoise), preferably from about
0.5 to about 5 m Pa s (centipoise) and most preferably
from about 1 to about4 m Pa s (centipoise). Formulations
with Viscosities above 10 m Pa s (10 centipoise) were
found not to atomize through 6 micron holes in the orifice
plate, while viscosities in the range of 0.5to 5 m Pa s
(0.5-5 centipoise) were found to provide efficient inter-
mittent atomization for several months using a 1.5 volt
AA battery.

[0025] Viscosities within these ranges enable atomi-
zation of the liquid at lower levels of energy consumption,
thereby lengthening battery life in a dispenser in which
the energy source is a battery rather than an electrical
plug. Suchimprovementsin energy utilization are of great
value to the consumer, necessitating fewer changes of
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battery, and resulting in fewer variations in dispensing
rate due to more level rates of power consumption.
[0026] Further, it has been found that the surface ten-
sion of the dispensed liquid should be below about 35
mNm-1 (35 dynes per centimeter), as measured by the
Kruss K-12 tensiometer operating under the Wilhelmy
Plate protocol, and preferably within the range of from
about 20 mNm-1 (20 dynes per centimeter) to about 30
mNm-! (30 dynes per centimeter), and more preferably
from about 20 mNm-1 (20 dynes per centimeter) to about
25 mNm-1 (25 dynes per centimeter), particularly as the
viscosity of the liquid approaches the upper limit of the
preferred viscosity range. The key element of selection
of surface tension within this range has been found to be
that such surface tensions are appropriate to assure the
spread of the liquid evenly on the back surface of the
orifice plate of the piezoelectric dispensing means, and
that relatively lower surface tensions are beneficial for
liquids with relatively higher viscosities within the ranges
indicated.

[0027] EXAMPLES: A number of fragrances were test-
ed for rate of dispersal in an atomizer such as illustrated
in the drawings. Viscosities were varied from a low of
about 1.9 to about 15 m Pa s. The test results were as
follows, with the flow rate in mg/hr, and the viscosity in
m P s (centipoise). Note: 1 m Pa s = 1 centipoise.

PERFUME VISCOSITY FLOW
A 1.9 40.5
B 1.9 32
C 2.0 21.9
D 2.1 19
E 23 27.6
F 23 6.8
G 24 25.6
H 2.6 13.6
| 3.0 10.7
J 3.7 23
K 4.9 2.7
L 6.2 1.1
M 6.4 DNA*
N 6.7 DNA*
0] 9.8 DNA*
P 10.2 DNA*
Q 14.5 DNA*
R 15.0 DNA*

* Did not Atomize

[0028] Further samples were tested, varying the sur-
face tension of the liquid being tested in a cantilever beam
atomizer. These samples comprised triethylene glycol
(TEG), denatured alcohol solvent, and afragrance. Some
of the examples (numbers 2, 4, and 6) utilized Zonyl, a
fluorosurfactant, to reduce surface tension. The viscosity
and surface tension of the samples are listed below. Vis-



9 EP 1 430 958 B1 10

cosity is in m Pa s (centipoise), as determined using the
Bohlin CVO Rheometer system in conjunction with a high
sensitivity double gap geometry. Surface Tension re-
sults, in dynes per centimeter, were generated using the
Kruss K-12 tensiometer operating under the Wilhelmy
Plate protocol. 1 dyne per centimeter =1 mNm-1,

SAMPLE VISCOSITY SURFACE TENSION

1 1.4 22.8
2 1.4 22.9
3 1.9 24.4
4 2.0 244
5 3.8 29.0
6 3.9 26.7
[0029] It was found thatimproved flow results were ob-

tained for samples in which surface tension was below
about 25 mNm-1 (25 dynes per centimeter) and viscosity
was below about 3 m Pa s (3.0 centipoise). Where both
surface tension and viscosity approached the upper end
of the preferred ranges, less advantage was noted, and
the viscosity appears to be the more critical parameter
to control.

[0030] Whilethe presentinvention has been described
with respect to what are at present considered to be the
preferred embodiments, it is to be understood that the
invention is not to be limited to the disclosed embodi-
ments. To the contrary, the invention is intended to cover
various modifications and equivalent arrangements with-
in the scope of the appended claims.

Industrial Applicability

[0031] The atomization systems described in the
present invention can be used to automatically dispense
such liquids as air fresheners, perfumes, or insecticides,
to any given environment, over an extended period of
time, with the advantage of uniformly dispensing equal
amounts of liquid to the atmosphere over the life span of
the battery which drives the dispenser. Further, the dis-
penser may be reused at will by means of refills and re-
placement batteries, so that the consumer may change
the liquid being dispersed to the atmosphere as desired,
with the added advantage that the amount of liquid being
dispersed may be varied to adjust intensity or effective-
ness to a desired level for personal preference, efficacy,
or for room size. Life of the power source is lengthened
by control of the viscosity and surface tension of the liquid
to be dispensed to within specified ranges.

Claims

1. An apparatus for forming a finely dispersed liquid
mist in the atmosphere, said apparatus comprising:
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an orifice plate (3) having a plurality of small or-
ifices extending therethrough;

a vibrator (2) arranged to cause said orifice plate
(3) to vibrate at a rapid rate;

a liquid containing container (5); and

a liquid feed medium (7) in juxtaposition with the
orifice plate for delivering liquid from said con-
tainer to a surface of said orifice plate (3) while
it is vibrating; characterized in that the orifice
plate (3) is dome-shaped,

said liquid has, at said surface, a viscosity of
less than 10 mPa s (10 centipoise) and a surface
tension of less than 35 mNm-1 (35 dynes per
centimetre), wherein

theliquid feed medium is dome-shaped, thereby
conforming to the surface of the dome-shaped
orifice plate (3), and

the container (5) has a closure (8) with an open-
ing (9), the liquid feed medium (7) being held by
a holder/positioner (10) located in the opening

9).

The apparatus according to claim 1, wherein the lig-
uid feed medium is a wick, which is looped in juxta-
position with the domed orifice plate.

The apparatus according to claim 2, wherein be-
tween the orifice plate and the looped wick a liquid
gap (14) is created in which the liquid to be trans-
ferred is in surface tension contact with the orifice
plate.

Apparatus according to claims 1-3, wherein the ori-
fice plate has one or more small tapered or conical
holes perpendicular to the surface thereof, the exit
of said holes having a diameter from 1 to 25 microns.

Apparatus according to claim 4, wherein the said
hole diameter is in the range 4-10 microns.

Apparatus according to claim 5, wherein the said
hole diameter is in the range 5-7 microns.

Apparatus according to any of claims 1-5, wherein
the vibrator is powered by a single 1.5 volt "AA" bat-

tery.

A method for forming a finely dispersed liquid mist
inthe atmosphere, said method comprising the steps
of:

causing an orifice plate (3) having a plurality of
small orifices extending therethrough to vibrate
at a rapid rate; and

delivering through a feed medium (7) in juxta-
position with the orifice plate (3) liquid from a
body of liquid to a surface of said orifice plate
(3) while it is vibrating, characterised in that
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the orifice plate (3) is dome-shaped,

said liquid has, at said surface, a viscosity of
less than about 10 mPa s (10 centipoise) and a
surface tension of less than 35 mNm-1 (35 dynes
per centimetre), wherein

the liquid feed medium (7) is dome-shaped
thereby conforming to the surface of the dome-
shaped orifice plate (3);

the container (5) has a closure (8) with an open-
ing (9) and the liquid feed medium (7) is held by
a holder/positioner (10) located in the opening

).

A liquid supply package for a vibratory liquid mist
dispenser apparatus according to claim 1, said pack-
age comprising:

a liquid container (5) with a liquid feed medium
extending from the interior thereof to a location
just above the top thereof to supply liquid from
within the container by means of capillary action;
and

a liquid to be dispersed contained within said
container, said liquid having, at said location, a
viscosity less than 10 mPa s (10 centipoise) and
a surface tension of less than 35mNm-! (35
dynes per centimeter), wherein

the liquid feed medium (7) is dome-shaped;
the container (5) has a closure (8) with an open-
ing (9); and

the liquid feed medium (7) is held by a holder/
positioner (10) located in the opening (9).

A package according to claim 9, wherein the said
surface tension is greater than 20 mNm-! (20 dynes
per centimetre).

A package according to claim 10, wherein the said
surface tension is in the range 20-30 mNm-1 (20-30
dynes per centimetre).

A package according to claim 11, wherein the said
surface tension is in the range 22.8 mNm-1 to 26.7
mNm-' (22.8 . 26.7 dynes per centimetre).

A package according to claim 11, wherein the said
surface tension is less than 25 mNm-' (25 dynes per
centimetre).

A package according to any preceeding claim,
wherein the said viscosity is less than 6 mPa s (6
centipoise).

A package according to claim 14, wherein the said
viscosity is in the range 0.5 - 5 mPa s (0.5 -5

centipoise).

A package according to claim 15, wherein the said
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viscosity is in the range 1-4 mPa s (1-4 centipoise).

17. A package according to claim 14, wherein the said
viscosity is less than 3.9 mPa s (3.9 centipoise).

18. A package according to claim 9, wherein the surface
tension is below 25 mNm-1 (25 dynes per centimetre)
and the viscosity is below 3.0 mPa s (3 centipoise).

Patentanspriiche

1. Vorrichtung zum Ausbilden eines fein verteilten Ne-
bels einer Flissigkeit in der Atmosphare mit:

einer Lochplatte (3), die eine Vielzahl kleiner
durchgehender Offnungen enthalt;

einem Schwinger (2), der so angeordnet ist,
dass er die Lochplatte (3) in schnelle Schwin-
gungen versetzt;

einem Behalter (5), der eine Flissigkeit enthalt;
und

einem Flussigkeits-Férdermedium (7), das bei
der Lochplatte angeordnetist, um beim Schwin-
gen derselben Flissigkeit aus dem Behélter an
eine Oberflache der Lochplatte (3) zu férdern,
dadurch gekennzeichnet, dass

die Lochplatte (3) aufgewdlbt ist und

die Flussigkeitan der Oberflache eine Viskositat
von weniger als 10 mPa*s (10 cP) und eine
Oberflachenspannung von weniger als 35
mNm-1 (35 dyn/cm) hat, wobei

das Flissigkeits-Férdermedium aufgewdlbt und
so der aufgewdlbten Lochplatte (3) angepasst
ist und

der Behalter (5) einen Verschluss (8) mit einer
Offnung (9) aufweist, wobei das Fliissigkeits-
Fordermedium (7) gehalten wird von einem Hal-
ter/Positionierer (10), der in der Offnung (9) an-
geordnet ist.

2. Vorrichtung nach Anspruch 1, bei der das Flissig-

keits-Férdermedium ein Docht ist, der an der aufge-
wolbten Lochplatte zu einer Schlaufe angeordnet ist.

3. Vorrichtung nach Anspruch 2, bei der zwischen der

Lochplatte und dem schlaufenférmigen Docht in ein
Flussigkeitsspalt (14) gebildetist, in dem die zu tber-
tragende Flussigkeit in Oberflachenspannungskon-
takt mit der Lochplatte steht.

4. Vorrichtung nach den Anspriichen 1-3, bei der die

Lochplatte eine oder mehr kleine verjiingte oder ko-
nische Lécher enthélt, die rechtwinklig zu deren
Oberflache verlaufen, wobei die Austritts6ffnung der
Lécher einen Durchmesser von 1 um bis 25 um hat.

5. Vorrichtungnach Anspruch 4, beider der Lochdurch-
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messer im Bereich von 4 um bis 10 um liegt.

Vorrichtung nach Anspruch 5, beider der Lochdurch-
messer im Bereich von 5 um bis 7 um liegt.

Vorrichtung nach einem der Anspriiche 1 -5, bei der
der Schwinger aus einer einzelnen 1,5V-Batterie der
GroRe AA gespeist wird.

Verfahren zum Ausbilden eines fein verteilten Ne-
bels einer Flussigkeit in der Atmosphére, das folgen-
de Schritte aufweist:

eine Lochplatte (3), die eine Vielzahl kleiner
durchgehender Offnungen enthélt, wird in
schnelle Schwingungen versetzt; und

Uber ein Férdermedium (7), das an der Loch-
platte (3) angeordnet ist, wird Flissigkeit aus
einem Flissigkeitsbestand einer Oberflache der
Lochplatte (3) =zugefiihrt, wahrend diese
schwingt;

dadurch gekennzeichnet, dass

die Lochplatte (3) aufgewdlbt ist,

die Flissigkeit an der Oberflache eine Viskositat
von weniger als etwa 10 mPa*s (10 cP) und eine
Oberflachenspannung von weniger als 35
mNm-1 (35 dyn/cm) hat, wobei

das Flissigkeits-Férdermedium (7) aufgewdélbt
und so der Oberflache der aufgewdlbten Loch-
platte (3) angepasst ist; und

der Behalter (5) einen Verschluss (8) mit einer
Offnung (9) aufweist, wobei das Fliissigkeits-
Fordermedium (7) gehaltert wird von einem Hal-
ter/Positionierer (10), der in der Offnung (9) an-
geordnet ist.

9. Flussigkeits-Vorratspackung fir eine schwingende

Vorrichtung zum Ausbilden eines Flissigkeitsnebels
nach Anspruch 1, die aufweist:

einen Flussigkeitsbehalter (5) mit einem Flus-
sigkeits-Férdermedium, das aus dem Inneren
desselben bis zu einer Stelle unmittelbar uber
deren oberer Abschlussflache vorsteht, um mit-
tels des Kapillareffekts Fliissigkeit aus dem Be-
halter zu férdern; und

eine zu verteilende Flissigkeit im Behalter, die
an der Stelle eine Viskositat von weniger als 10
mPa*s (10 cP) und eine Oberflachenspannung
von weniger als 35 mNm- (35 dyn/cm) hat, wo-
bei

das Flussigkeit-Férdermedium (7) aufgewdlbt
ist;

der Behalter (5) einen Verschluss (8) mit einer
Offnung (9) aufweist; und

das Flissigkeits-Férdermedium (7) von einem
Halter/Positionierer (10) gehaltert ist, der in der
Offnung (9) angeordnet ist.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

Packung nach Anspruch 9, bei der die Oberflachen-
spannung héher als 20 mNm- (20 dyn/cm) ist.

Packungnach Anspruch 10, bei der die Oberflachen-
spannung im Bereich von 20 - 30 mNm-1 (20 dyn/cm
bis 30 dyn/cm) liegt.

Packungnach Anspruch 11, bei der die Oberflachen-
spannung im Bereich von 22,8 mNm-! bis 26,7
mNm-1 (22,8 dyn/cm bis 26.7 dyn/cm) liegt.

Packungnach Anspruch 11, bei derdie Oberflachen-
spannung niedriger als 25 mNm-1 (25 dyn/cm) ist.

Packung nach einem der vorgehenden Anspriche,
bei der die Viskositat niedriger als 6 mPa*s (6 cP) ist.

Packung nach Anspruch 14, bei der die Viskositat
im Bereich von 0,5 mPa*s bis 5 mPa*s (0,5 cP bis 5
cP) liegt.

Packung nach Anspruch 15, bei der die Viskositat
im Bereich von 1 mPa*s bis 4 mPa*s (1 cP bis 4 cP)
liegt.

Packung nach Anspruch 14, bei der die Viskositat
niedriger ist als 3,9 mPa*s (3,9 cP).

Packung nach Anspruch 9, bei der die Oberflachen-
spannung unter 25 mNm-1 (25 dyn/cm) und die Vis-
kositat unter 3,0 mPa*s (3 cP) liegen.

Revendications

1.

Appareil pour former un brouillard de liquide fine-

ment dispersé dans l'atmosphére, ledit appareil
comprenant :

une plaque a orifices (3) ayant une pluralité de
petits orifices s’étendant a travers elle ;

un vibreur (2) agencé pour faire vibrer ladite pla-
que a orifices (3) a une vitesse rapide ;

un récipient (5) contenant un liquide ; et

un milieu d’alimentation en liquide (7) en juxta-
position avec la plaque a orifices pour délivrer
du liquide dudit récipient a une surface de ladite
plaque a orifices (3) pendant qu’elle vibre, ca-
ractérisé en ce que la plaque a orifices (3) est
en forme de déme,

ledit liquide a, sur ladite surface, une viscosité
inférieure a 10 mPa s (10 centipoise) et une ten-
sion superficielle inférieure & 35 mNm-1 (35 dy-
nes par centimétre), dans lequel

le milieu d’alimentation en liquide est en forme
de déme, en se conformant ainsi a la surface de
la plaque a orifices en forme de déme (3), et
le récipient (5) a une fermeture (8) avec une
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ouverture (9), le milieu d’alimentation en liquide
(7) étant maintenu par un organe de support/
positionnement (10) situé dans I'ouverture (9).

Appareil selon la revendication 1, dans lequel le mi-
lieu d’alimentation en liquide est une méche, qui est
bouclée en juxtaposition avec la plaque a orifices en
forme de déme.

Appareil selon la revendication 2, dans lequel, entre
la plaque a orifices et la méche bouclée, un espace
de liquide (14) est créé dans lequel le liquide a trans-
férer est en contact par tension superficielle avec la
plaque a orifices.

Appareil selon I'une des revendications 1 a 3, dans
lequel la plaque a orifices a un ou plusieurs petits
trous amincis ou coniques perpendiculaires a la sur-
face de celle-ci, la sortie desdits trous ayant un dia-
metre de 1 a 25 microns.

Appareil selon la revendication 4, dans lequel ledit
diamétre de trou est dans l'intervalle de 4 a 10 mi-
crons.

Appareil selon la revendication 5, dans lequel ledit
diamétre de trou est dans l'intervalle de 5 a 7 mi-
crons.

Appareil selon 'une quelconque des revendications
1 a 5, dans lequel le vibreur est alimenté par une
seule pile "AA" de 1,5 volt.

Procédé pour former un brouillard de liquide fine-
ment dispersé dans l'atmosphére, ledit procédé
comprenant les étapes de :

amener une plaque a orifices (3) ayant une plu-
ralité de petits orifices s’étendant a travers elle
a vibrer a une vitesse rapide ; et

délivrer a travers un milieu d’alimentation (7) en
juxtaposition avec la plaque a orifices (3) du li-
quide provenant d’un corps de liquide a une sur-
face de ladite plaque a orifices (3) pendant qu’el-
le vibre, caractérisé en ce que la plaque a ori-
fices (3) est en forme de dome,

ledit liquide a, sur ladite surface, une viscosité
inférieure a 10 mPa s (10 centipoise) et une ten-
sion superficielle inférieure a 35 mNm-1 (35 dy-
nes par centimetre), dans lequel

le milieu d’alimentation en liquide (7) est en for-
me de dd6me en se conformant ainsi a la surface
de la plaque a orifices en forme de déme (3) ;
le récipient (5) a une fermeture (8) avec une
ouverture (9) et le milieu d’alimentation en liqui-
de (7) est maintenu par un organe de support/
positionnement (10) situé dans I'ouverture (9).
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9.

10.

1.

12.

13.

14.

15.

16.

17.

18.

Ensemble de fourniture de liquide pour un appareil
de distribution de brouillard de liquide par vibration
selon la revendication 1, ledit ensemble
comprenant :

unrécipientdeliquide (5) avec des moyens d’ali-
mentation en liquide s’étendant a partir de I'in-
térieur de celui-ci jusqu’a un endroit juste au-
dessus du sommet de celui-ci pour fournir du
liqguide provenant de l'intérieur du récipient au
moyen d’une action capillaire ; et

un liquide a disperser contenu a l'intérieur dudit
récipient, leditliquide ayant, auditemplacement,
une viscosité inférieure a 10 mPa s (10 centi-
poise) et une tension superficielle inférieure a
35 mNm-1 (35 dynes par centimétre), dans le-
quel

le milieu d’alimentation en liquide (7) est en for-
me de dome ;

le récipient (5) a une fermeture (8) avec une
ouverture (9) ; et

le milieu d’alimentation en liquide (7) est main-
tenu par un organe de support/positionnement
(10) situé dans I'ouverture (9).

Ensemble selon la revendication 9, dans lequel la-
dite tension superficielle est supérieure 8 20 mNm-!
(20 dynes par centimétre) .

Ensemble selon la revendication 10, dans lequel la-
dite tension superficielle est dans l'intervalle de 20
a 30 mNm-1 (20 a 30 dynes par centimétre).

Ensemble selon la revendication 11, dans lequel la-
dite tension superficielle est dans l'intervalle de 22,8
4 26,7 mNm-1 (22,8 a 26,7 dynes par centimétre).

Ensemble selon la revendication 11, dans lequel la-
dite tension superficielle est inférieure @ 25 mNm-!
(25 dynes par centimétre).

Ensemble selon 'une quelconque des revendica-
tions précédentes, dans lequel ladite viscosité est
inférieure a 6 mPa s (6 centipoise).

Ensemble selon la revendication 14, dans lequel la-
dite viscosité est dans l'intervalle de 0,5 a 5 mPa s
(0,5 a 5 centipoise).

Ensemble selon la revendication 15, dans lequel la-
dite viscosité est dans l'intervalle de 1a 4 mPa s (1
a 4 centipoise).

Ensemble selon la revendication 14, dans lequel la-
dite viscosité est inférieure a 3,9 mPa s (3,9 centi-

poise).

Ensemble selon la revendication 9, dans lequel la
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tension superficielle est en dessous de 25 mNm-1
(25 dynes par centimetre) et la viscosité est en des-
sous de 3,0 mPa s (3 centipoise).
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