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and a rear portion (124), a rim (116), and a nozzle portion (134) that includes
an angled wall (146) and an orifice wall (150). The angled wall (146) extends
radially inward and laterally forward from the rim (116), and the orifice wall
(150) intersects with the angled wall (146) and defines a nozzle orifice (136).
The orifice wall (150) extends both laterally forward and rearward from the
intersection with the angled wall (146). A cylindrical inner surface of the orifice
wall defines a fluid passageway (176) that terminates at a forward end at the
nozzle orifice (136) and at a rearward end spaced rearward of a forwardmost
end of the angled wall (146).
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TITLE

NOZZLE INSERT FOR A DISPENSING SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
(0001} This application clatms the benefit of and priority to US. Patent Application No.
18/665,259, filed on May 15, 2024, which is a continuation-in-part of U.S. Patent Application
No. 18/395,221, filed on December 22, 2023, both of which are incorporated by reference

herein 1o their entirety.

REFERENCE REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

(0002} Not applicable

SEQUENTIAL LISTING
100037 Not applicable

BACKGROUND OF THE DISCLOSURE
1 Field of the Disclosure
00047 The present disclosure relates generally to dispensing systems including an actuator
assembly for placement on a container, and in particular, a nozzle insert for a product
dispensing system having an actuator.
2. Description of the Background of the Disclosure
[O005T Pressurized and non-pressurized containers are commonly used to store and
dispense product that includes fluids and other materials, such as air fresheners, deodorants,
insecticides, germicides, decongestants, perfumes, and the like. In some cases, materials can
be stored in a pressurized and Hguefied state within the container and can be forced from the
contatner by a propeliant {e.g., a hydrocarbon or non-hydrocarbon). In some cases, a release
valve with an cutwardly extending valve stem may be provided to facilitate the release of the

volatile material from the container, whereby activation of the valve via the valve stern causes
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volatile material to flow from the container through the valve stem. The release valve may be
activated by tilting, depressing, or otherwise displacing the valve stem.

0006} In some cases, nozzie assemblies for containers (e.g., as included on a larger
actuator assembly) can include a nozzle insert and a corresponding nozzle-tnsert cavity to form
a combined nozzle assembly that can provide a desired flow characteristic {e.g., spray pattern,
flow rate, metering effect, and so on}. Due to different manutacturing tolerances and errors
{e.g., error in pressures applied by assembly machines), as well as user interactions, the nozzle
inserts and/or nozzle-insert cavities can sometimes be over-compressed during assembly or at
other times. In some cases, this can result n degradation of the dispensing capabilities of the
nozzle assembly as a whole.

00071 The present disclosure rvelates generally to dispensing systems and, more
specifically, to a product dispensing system having an actuator with a nozzle insert that

addresses one or more aspects of prior art dispensing systems.

SUMMARY OF THE DISCLOSURE

00081 According to some aspects of the disclosure, a dispensing system contains a
composition consisting of one or more of a deodorizing composition, a fragrancing
composition, a cleaning composition, or a composition of the like. Further, the dispensing
system includes a nozzle insert. The nozzie insert includes a body with a front portion and a
rear portion, a rim, and a nozzle portion that includes an angled wall and an orifice wall. The
angled wall extends radially inward and laterally forward from the rim, and the orifice wall
intersects with the angled wall and defines a nozzle orifice. Further, the orifice wall extends
both laterally forward and rearward from the tntersection with the angled wall, and a cylindrical
inner surface of the orifice wall defines a fluid passageway that terminates at a forward end at
the nozzle orifice and at a rearward end spaced rearward of a forwardmost end of the angled
wall,

[0609] In some embodiments, a dispensing system contains a composition consisting of
one or more of a deodorizing composition, a fragrancing composition, a cleaning composition,
or a composition of the fike. Further, the dispensing system includes a nozzle insert, which
includes a body comprising a front portion and a rear portion, a rim, and a nozzle portion that

includes an angled wall and an orifice wall. The orifice wall intersects with the angled wall
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and defines a nozzle orifice. The orifice wall extends both laterally forward and rearward from
the 1ntersection with the angled wall, creating a gap between the angled wall and the onifice
wall. Additionally, a cylindrical inner surface of the orifice wall defines a fluid passageway
that terminates at a forward end at the nozzle orifice and at a rearward end spaced rearward of
a forwardmost end of the angled wall.

00107 In some embodiments, a dispensing system contains a composition consisting of
one or more of a decdorizing composition, a fragrancing composition, a cleaning composition,
or a composttion of the like. Further, the dispensing system includes a nozzle insert. The
nozzle insert includes a body comprising a front portion and a rear portion, a riw, a nozzle
portion that includes an angled wall and an orifice wall, and a plurality of raised portions
located ou an interior surface of the iy, The orifice wall intersects with the angled wall,
defines a nozzle orifice, and extends both laterally forward and rearward from the intersection
with the angled wall. A cylindrical surface of the orifice wall defines a fluid passageway that
terminates at a forward end at the nozzle orifice and at a rearward end spaced rearward of a
forwardmost end of the angled wall.

[00111 In some embodiments, the nozzle insert is configured to it over a post of an external
actuator. Further, in some embodiments, an interior cavity of the nozzle insert is defined by an
interior surface of the body, an interior surface of the rim, and an intertor surface of the angled
wall. The interior cavity and the outlet channel further define a fluid passageway and a central
axis. The fluid passageway defines a flow path that is generally parallel with respect to the
central axis. In some embodiments, the rim further comprises a rim front surface and a radially
central wall. In some embodiments, the radially central wall extends laterally forward from
the rim front surface. Some embodiments of the noezzle insert include a plurality of ribs that
are located on the interior surface of the body and that extend axially toward an interior cavity
of the nozzie insert. In some embodiments, the raised portions each include a stop portion that
18 defined as a flat upstrearm face extending radially inward from the interior surface of the rim.
In some embodiments, the gap between the angled wall and the orifice wall acts as a swirl
chamber and 1s generally frustoconical in shape. In some embodiments, the ornifice wall
extends laterally rearward from the forwardmost point of the gap. Some embodiments of the
nozzle insert include a plurality of cavities that extend radially inward from an exterior surface

of the angled wall. In some embodiments, the orifice wall is cyhindrical 1n shape, and a
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forwardmost face of the orifice wall defines a flat front face of the nozzle insert. In some
embodiments, the nozzle insert further includes a nozzle insert cavity that is defined in part by
the body of the nozzle insert. In some embodiments, the nozzle insert is configured to attach
to a container including a composition. In some embodiments, at a first time, the nozzle nsert
cavity s primartly filled with the composition in a gaseous or substantially gaseous state, and
at a second time, the nozzle insert cavity 1s primarily filled with the composition in a liguid or
substantially liquid state. In some embodiments, the first time occurs before the second time.

100123 In some embodiments, the raised portions comprise a plurality of sloped portions
and a tevel portion. The level portion 1s disposed between the plurality of sloped portions,
Further, in some embodiments an opening is disposed between the raised portions, and the
opening may further define the fluid passageway to the outlet chanvel or to the gap between

the angled wall and the orifice wall.

BRIEF DESCRIPTION OF THE DRAWINGS
(00137 FIG 1 is a rear 1sometric view of a product dispensing system that includes a
container and an actuator assembly attached thersto;
[0014] FIG. 2 is a cross-sectional view of the product dispensing system taken through line
2-2 of FIG. 1
[0015] FIG. 3 1s a side cross-sectional view of the actuator assembly of FIG. 2;
(00161 FIG. 415 a detail, cross-sectional view of a nozzle end of the actuator of FIG. 3;
[00171 FIG. 5 is a front isometric view of a nozzle insert of the actuator assembly of FIG.

3.

[0018] FIG. 6 ts a rear isometric view of the nozzle insert of FIG. 5
[0019] FIG. 715 a side elevational view of the nozzle insert of FIG. S

00201 FIG. 8 is a top plan view of the nozzle insert of FIG. S, the bottom plan view being
identical thereto;

(0021} FIG. 9 is a front elevational view of the nozzle insert of FIG. 5;

(0022 FIG. 10 is a rear elevational view of the nozzle insert of FIG 5,

(00231 FIG. 11 is a side cross-sectional view of the nozzle insert taken through line 11-11

of FIG. 7,

2
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00247 FIG. 12 s a side cross-sectional view of the nozzle insert taken through line 12-12
of FIG. §;

F0025] FIG. 13 is a front cross-sectional view of the nozzle insert taken through line 13-13
of FIG. 7,
[0026] FIG. 14 1s a front cross-sectional view of the nozzle insert taken through line 14-14
of FIG. 7;

[00271 FIG. 15 i3 a front cross-sectional view of the nozzle insert taken through line 15-15
of FIG. 7,
[0028] FIG. 161 a front cross-sectional view of the nozzle insert taken through line 16-16
of FIG. 7; and

00297 FIG. 17 is a front cross-sectional view of the nozzle insert taken through line 17-17
of FIG. 7;
{0030} FIG. 18 18 a side cross-sectional view of an actuator assembly including the nozzle
insert of claim 3 and illustrating a first dispensing state;

[0031] FIG 19 1s a side cross-sectional view of the actuator assembly of FIG. 18
ilfustrating a second dispensing state;

[0032] FIG. 20 is a side cross-sectional view of the actuator assembly of FIG. 18
illustrating a third dispensing state;

0033 FIG. 21 is a side cross-sectional view of the actuator assembly of FIG. 18
iltustrating a fourth dispensing state; and

00347 FIG. 22 is a side cross-sectional view of the actuator assembly of FIG. 18

ihustrating a fifth dispensing state.

DETAILED DESCRIPTION OF THE DRAWINGS
[O0357 The present disclosure provides for a nozzle insert for an actuator assembly, which
can be used with a product dispensing system to dispense a product from a container through
the actuator assembly. Some embodiments can include an actuator and a nozzle insert
configured to be inserted into the actuator during assembly, with the actuator including a stop
portion arranged to interact with the nozzle insert. While the embodiments disclosed herein
depict a push-button actuator, any type of known actuator is contemplated, including trigger-

type actuators, i.e, for trigger sprayers. The use herein of the terms “downstream” and
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“upstream” generally indicate direction relative to the flow of a fluid. In this regard, the term
“downstream” corresponds to the direction of a relevant fluid flow, while the term “upstream”
refers to the direction opposite or against the direction of the relevant flnd flow.

[0036] The use herein of the term “axial” and vanations thereof refer to a divection that
extends generally along an axis of symmetry, a central axis, or an elongate direction of a
particular component or system. For example, axially extending features of a component may
be features that extend generally along a direction that is parallel to an axis of symmetry or an
elongate direction of that component. Similarly, the use herein of the term “radial” and
vartations thereof refers to directions that are geverally perpendicular to a corresponding axial
direction. For example, a radially extending structure of a component may generally extend at
least partly along a direction that 1s perpendicular to a longitudinal or ceutral axis of that
component. While the methods and systems disclosed herein may be embodied in many
different forms, several specific erabodiments are discussed herein with the understanding that
the embodiments described in the present disclosure are to be considered only exemplifications
of the principles descnibed herein, and the disclosure is not intended to be limited to the
embodiments illustrated. Throughout the disclosure, the terms “about” and “approximately”
mean plus or minus 5% of the number or value that each term precedes.

(00371 The term “substantially,” as used herein, may mean at least about 80%, preferably
at least about 90%, more preferably at least about 99%, for example at least about 99.9%. In
some embodiments, the term “substantially” can mean corpletely, or about 100%.

00381 The term “weight percent”, “wt.%”, “wt. %,” “percent by weight”, “% by weight”,
and vanations thereof, as used herein, refer to the concentration of a substance as the weight
of that substance divided by the total weight of the composition and multiplied by 100, It is

3 L 9D

understood that, as used here, “percent”, “%”, and the like may be synonymous with “weight

percent”, “wi.%", etc.
[0039] As used herein, “pests” can mean any organism whose existence it can be desirable
to control.  Pests can include, for example, bacteria, cestodes, fungt, insects, nematodes,
parasites, plants, and the like. In addition, as used herein, “pesticidal” can mean, for example,
antibacterial, antifungal, antiparasitic, herbicidal, insecticidal, and the like.
00407 More so, for purposes of simplicity, the term “insect” is used in this application.

However, it should be understood that the term “insect” refers, not only to insects, but may also
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refer to mites, spiders, and other arachnids, larvae, and like invertebrates. As used herein, the
term “insect” refers to and includes but 15 not limited to insects or arachnids capable of acting
as vectors for disease to humans, animals, birds, fish, plants or plant parts, or capable of
irritating or causing economic damage thereto.  Examples include but are vot himited to
nematodes, biting insects (such as mosquitoes, gnats, horse flies, ticks, tsetse flies, blowilies,
screw flies, bed bugs, fleas, lice and sea lice), sap-sucking insects (such as aphids and thrips),
and further include arachnids, ticks, termiies, silverfish, ants, cockroaches, locusts, fruit flies,
wasps, hornets, vellow jackets, scorpions, chiggers, and mites {such as dust mites).

[0041] Referring now to FIG. 1, a product dispensing system 40 1s illustrated, which is
configured to store and/or dispense an aerosol product or compressed gas {(not shown). The
dispensing system 40 includes a container 42 and an actuator assembly 44, which includes a
housing 46, an actuator 48, and a nozzle insert 50 (see FIG. 2). In use, the actuator assembly
44 is configured to release the product from the container 42 upon the occurrence of a particular
condition. For example, a user of the product dispensing system 40 may manually depress or
otherwise activate the actuator 48 of the actuator assembly 44 to release the aerosol or
compressed gas from the container 42. While the present embodiment depicts a push button
actuator assembly 44, other types of actuator assemblies are contemplated for use with the
nozzle tnsert 50, including trigger-type actuator assemblies.

0042} In general, the product to be dispensed may be any solid, liquid, or gas (or a
combination thereof} that 1s known to those skilled in the art as being capable of being
dispensed from a container. In some embodiments, for example, the container 42 may contain
any type of pressurized or non-pressurized product, such as compressed gas that may be
iquified, non-liquified, or dissolved, including carbon dioxide, helium, hydrogen, neon,
oxygen, xenon, nitrous oxide, or nitrogen. In some embodiments, the container 42 contains
any type of hydrocarbon gas, including acetvlene, methane, propane, butane, isobutene,
halogenated hydrocarbons, ethers, mixtures of butane and propane, otherwise known as hiquid
petroleum gas or LPG, and/or mixtures thereof. In some cases, the product discharged may be
a fragrance or insecticide disposed within a carrier liquid, a deodornizing liquid, or the like. In
some cases, the product may also include other actives, such as sanitizers, air fresheners,

cleaners, odor eliminators, mold or mildew inhibitors, insect repellents, and/or the like, and/or
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may have aromatherapeutic properties. The product dispensing system 40 1s therefore adapted
to dispense any number of ditferent products.

[00431 Referring to FIG. 2, the container 42 comprises a substantially cylindrical body 52
defining an outer sidewall 54, Further, 4 seam 56 and/or rmaounting cup 38 provide a location
in which the actuator assembly 44 may be attached, as is known in the art. A conventional
valve assembly 60 is shown, which includes a valve stem 62, which 1s connected to a valve
body {(not shown) and a valve spring (not shown} disposed within the container 42, The valve
stem 62 extends upwardly through a pedestal 64, such that a distal end 66 extends upwardly,
away from the pedestal 64 and 15 adapted to interact with a valve seat 68 disposed within the
actuator 48. A longitudinal axis 70 extends through the valve stem 62, Prior to use, the actuator
48 is placed in fluid conununication with the distal end 66 of the valve stem 62, A user may
manually or automatically operate the actuator 48 to open the valve assembly 60, which causes
a pressure differential between the container interior and the atmosphere to force the contents
out of the container 42, through the valve stem 62 and the actuator assembly 44, and into the
atmosphere. Further, while the valve stem 62 1s shown as a unitary component with the
contatner 42, the valve stem 62 may be provided in a variety of configurations and is provided
for iHustrative purposes only. U.S. Patent Publication No. 2022/0402685 discloses an aerosol
dispensing system similar to the system shown 1n FIGS. 1 and 2, and 1s herein incorporated by
reference in its entirety.

[0044] Referring now to FIG. 3, a cross-sectional view of the actuator 48 13 shown in
greater detail. The valve seat 68, an upper surface 72 of the valve seat 68, an actuator fluid
passageway 74 including a vertical conduit 76, a nozzle conduit 80 that may be angled with
respect 1o the vertical conduit 76, and a top wall B2 are also shown in detail. A spray axis 84
is also shown in the depicted embodiment, which is generally centrally located within a post
&6 and is arranged at an offset angle with respect to the longitudinal axis 70. The post 86 is
disposed within the nozzie insert SO and further defines the actuator fluid passageway 74, The
actuator 48 is provided for illustrative purposes only and may be provided in a variety of
configurations.

0045 Referring now to FIG. 4, the actuator 48 includes the vowzle conduit 80, which is
configured to receive the nozzle insert 50, In the illustrated embodiment, the nozzle conduit

30 defines a generally cylindrical anmular nozzle-insert cavity 88 that exiends generally along
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the spray axis 84, from an actuator stop portion 90 to an open end 92. Further, the open end
92 includes a chamfered surface 94 that is configured to guide the nozzle insert 50 1uto a nozele-
insert cavity 88 during assembly. For the description herein of features relating to or included
within the nozzle insert 5O and nozzle-imsert cavity 88, the use of the terms “axial,” “radial,”
and “circumferential” {and variations thereof) are based on a reference axis corresponding to a
spray axis 84. In this regard, for example, the nozzle-insert cavity 88 includes a radially outer
surface 96 that extends as a generally circumferential barrel around the nozzle-iusert cavity 88
and defines an outer diameter 98 thereof. Similarly, the post 86 within the nozzle-insert cavity
38 extends generally axially from a base near the stop portion 90 to a distal end 100 of the post
86 spaced from the open end 92 of the nozzle-insert cavity 88 by a distance 102, The post 806
further defines a post diameter 104, and the insert cavity 88 1s further defined by an insert cavity
fength 106.

[0046] In general, the shape and profile defined by the post 86 and by the nowzle-insert
cavity 88 are configured to conform generally to one or more portions of the nozzle insert 50,
to facilitate receipt and retention of the nozzle insert 50 within the nozzle-insert cavity 88 In
the iltustrated embodiment, for example, the post 86 and the nozzle-insert cavity 88 define
generally cyhindrical shapes configured to engage corresponding cylindrical {or other) features
on the nozzle insert 50

(00471 Referring now to FIGS. 5-17, the nozzle insert 50 is shown in greater detail. The
nozzle msert 50 1s configured to be imnserted at least partially into the nozzle-insert cavity 88
and to thereby promote the dispensing of the product within the container 42 to the
surroundings with desirable fluid flow characteristics. In some embodiments, the nozzie nsert
50 may be fabricated from a plastic material. In some embodiments, for example, the nozzle
insert 50 may be fabricated from an acetal, je., polyoxymethylene, material. In some
embodiments, for example, the nozzle insert 50 may be fabricated from polypropylene,
propylene, HDPE, nylon, or other co- or homopolymers.

[0048] As iHustrated in FIGS. 5 and 6, the nozzle tnsert 50 includes a nozzle rim 116 and
a nozzle body 118 that extends from the nozzle im 116, The nozzle body 118 defines a
generally annular cylinder extending generally axially between the nozzie rim 116 and a
generally open insert inlet end 120, The nozzle body 118 defines a front or first portion 122

and a rear or second portion 124 that are separated by a first or chamfered step 126, The nozzle



WO 2025/136808 PCT/US2024/059987

10-

rim 116 and the nozzle body 118 are connected at a second step 128, The inlet end 120 of the
nozzle insert SO can provide access to a nozzle interior cavity 130 {see FIG. 6), to enable the
post 86 to be slidably received within the interior cavity 130, The nozzle nim 116 further
defines a nozzle frout surface ot rim froot surface 132, The rim front surface 132 ts defined as
the surface of the rim 116 on the side of the rim 116 opposite the nozzle body 118, A nozzle
front portion 134 extends from the rim 116 1n the opposite direction of the nozzle body 118,
The nozzle portion 134 defines a nozzle orifice 136.

[0049] Referring now to FIG. 5, the nozzie nm 116 includes the nim front surface 132, a
radially outer wall 137, a plurality of struts 138, and a radially central wall 139, The radially
outer wall 137 is a wall that extends in the opposite direction of the nozzle body 118, The
radially outer wall 137 may be provided along the circumterence of the tim front surface 132,
The plurality of struts 138 may extend between the radially outer wall 137 and the radially
central wall 139 The plurality of struts 138 may have a thickness substantially equivalent to
the thickness of the radially outer wall 137, The radially central wall 139 may also have a
thickness substantially equivalent to the thickness of the radially outer wall 137 and the
plurality of struts 138, The radially central wall 139 may be located at the radial center of the
rim front surface 132, The radially central wall 139 may include two convex and two concave
sides forming an trregular, but symmetrical shape. The nozzle front portion 134 may extend
from the radially central wall 139 in the opposite direction of the nozzle body 118, In some
embodiments, the struts 138 may be rectangular, triangular, or any other shape. Further, the
struts 138 may be irregularly shaped. In some embodiments, the struts 138 may not have a
counsistent thickness.

00650} Referring to FIG. 7, the nozzle body 118 defines the first portion 122 and the second
portion 124, which are separated from one another by the chamfered step 126, In general, the
stepped profile of the nozzle body 118 is designed to interact with the nozzle-insert cavity 88
of the actuator 48 to provide engagerment and to impede over-insertion of the nozzle body 118
into the nozzle-insert cavity 88. In the illustrated embodiment, for example, the nozzle rim 116
of the nozzie msert 50 includes a stepped configuration defining a first insert stop surface 140,
which defines a radially extending surface. The first insert stop surface 140 exiends generally

radially inward between a nim outer surface 141, which defines a rim diameter 142, and an
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exterior surface of the first portion 122, which defines the first portion diameter 144, An
exterior surface of the second portion 124 1s further stepped wnward via the chamfered step 126
[0051] Sull referring to FIG. 7, the nozzle portion 134 includes a first nozzle portion 152,
an angled wall 146, and a second nozzle portion 154, The angled wall 146 extends laterally
outward and radially inward to form a chamfered step between the first nozzle portion 152 and
the second nozzle portion 154, The first nozzle portion 152 defines a first nozzle portion
diameter 156, and the second nozzle portion 154 defines a second nozzle portion diameter 158,
The first nozzle portion diameter 156 18 larger than the second nozzle portion diameter 158
The nozzie portion 134 is generally annular cyhindrical and extends generally axially from the
nozzle rim 116, The nozzle rim 116 and the nozzle portion 134 are connected at the radially
central wall 139 of the rimn 116, In the illustrated embodiment, the nozzle portion 134 extends
perpendicularly from the radially central wall 139, In further embodiments, a step {not
pictured) may connect the nozzle portion 134 and the radially central wall 139,

[0052] As shown 1in FIGS. 8 and 9, the top and bottom of the nozzie portion 134 include
cavities 160 that are defined by circular cutouts (see, e.g., FIG. 5). The cutouts defining the
cavities 100 may be elliptical in shape, or the cutouts defining the cavities 160 may be
rectangular, circular, or any other shape known in the art. The cavities 160 detine depression
depths 162 (see FIG. 9). ln some embodiments, the depression depths 162 of the cavities 160
may be equivalent or substantially the same. However, in other embodiments, the depression
depths 162 may differ. Further, in some embodiments, the depression depths 162 may be any
value between zere and the difference between the first nozzle portion diameter 156 and the
second nozzle portion diameter 153

0053} Referring now to FIG. 9, the nozzle orifice 136 is located concentric with respect
to the second nozzie portion 154, and is defined by the end of an outlet channel 148, As
previousty mentioned, the radially central wall 139 includes two outer convex sides and two
outer concave sides. The convex sides are separated by the concave sides, forming a generally
four-sided symmetrical shape. In some embodiments, the radially central wall 139 mav be a
different shape, including a circle, oval, square, or a different rregular shape. The radially
central wall 139 may be centered around the radial center of the rima 116,

00547 Referring to FIG. 10, the nozzle interior cavity 130 1s shown in detail, which may

be configured to receive the post 86, An wuner surface 170 of the rim 116, an inner surface of
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the first portion 122, and an inner surface of the second portion 124 define an interior surface
168 of the nozzle body 118. The wnterior surface 168 defines an 1oner body that 13 generally
cylindrical and follows the steps 126, 128 of the outside of the nozzle body 118, The interior
cavity 130 may include a plurality of ribs 180 that extend generally radially inward from the
interior surface 168 of the nozzle body 118, resulting i local deviations from the nozzle interior
cavity 130 diameter, along the ribs 180. In the embodiment tlustrated, the nozzle insert 50
inchudes four ribs 180 arranged circumferentially around the intertor surface 108 in
approximately ninety-degree increments. In other emnbodiments, for example, the nozzle insert
50 may include more or fewer ribs, or may include flais, any of which may be arranged
circurmnterentially around the interior surface 168 in any increment, as desired. The ribs 180
are configured to engage a post 86 of the actuator 48 to center, or otherwise align, and secure
the nozzle insert 50 within the nozzle-insert cavity 88.

00557 As shown i FIG. 10, the nozzle interior cavity 130 also includes a phurality of
raised portions 182, The raised portions 182 extend radially inward. The maximum amount
that the raised portions 182 extend radially inward defines a maximum height 184, In some
embodiments, the maximum height 184 1s substantially the same as the difference between a
radius of the nozzle mterior cavity 130 and a radius of the outer surface of the orifice wall 150
As a result, the most radially-interior surface of the raised portions 182 is even with the outlet
channel 148, In the illustrated example, the nozzle insert 50 includes two opposing raised
pottions 182 that are arranged circumferentially around the interior surface 170 of the tim 116
in approximately one-hundred-and-eighty-degree increments. The illustrated raised portions
182 each include a second insert stop surface 190 that is defined by a flat face (see FIG. 11} on
the upstream end of the raised portions 182

[0056] Referring to FIGS. 10 and 11, the raised portions 182 extend radially inward from
the interior surface 170 of the rim 116, The raised portions 182 also include a plurality of
sloped portions 192, and a level portion 194 disposed between the sloped portions 192, The
raised portions 182 intersect the interior surface 170 {see FIG. 11) of the rum 116 at an obligue
angle. The raised portions 182 also intersect an interior surtace 172 of the angled wall 146 at
an oblique angle. Further, the raised portions 182 intersect a second surface 174 of the orifice
wall 150 at a right angle. In other embodiments, for example, the nozzle insert 50 may include

more ot fewer raised portions or may nchude no raised portions.  In some embodiments, the
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raised portions 182 may be disposed along the interior surface 168 of the nozzle body 118, The
second tusert stop surface 190 of the raised portions 182 ray prevent over insertion of the
nozzle insert 50 into the nozzle-insert cavity 88,

00571 Ag shown in FIG. 11, the outlet channel 148 is defined by a first surface 167 of the
orifice wall 150, In the present disclosure, the orifice wall 150 has a non-zero, constant
thickness resulting in a front face 178 of the nozzle portion 134 that i1s parallel with respect to
the rim front surface 132, In other embodiments, the orifice wall 150 may taper into a zero
thickness, or the nozzle portion 134 may not have a front face. The nozzle interior cavity 130
i3 defined by the interior surface 168 of the nozzle body 118, the interior surface 170 of the rim
116, the interior surface 172 of the angled wall 146, and the second surface 174 of a portion of
the orifice wall 150 that extends upstream from the wntersection between the angled wall 146
and the orifice wall 150, A fluid passageway 176 is defined by the nozzle interior cavity 130,
the post 86, and the outlet channel 148 when the nozzle insert 50 15 coupled with the actuator
48. In the nozzie portion 134, the outlet channel 148 extends through the orifice wall 150 1o
provide fluid communication between the interior cavity 130 and the atmosphere.

00581 Sull referring to FIG. 11, the nozzle portion 134 tncludes the nozzle orifice 136, the
oritice wall 150, and the angled wall 146, As previously mentioned, the orifice wall 150
defines the outlet channel 148 and a section of the fluid passageway 176. The nozzie orifice
136 s positioned at the downstream end of the fluid passageway 176. In the iilusirated
embodiment, the orifice wall 150 extends from the interior cavity 130 through the rim 116 and
nozzle portion 134 to the nozzle orifice 136, In some embodiments, a diameter or other aspect
of the orifice wall 150 may be designed to achieve a desired flow pattern and/or atomization
of the fluid Howing therethrough. In some embodiments, the diameter of the orifice wall 150
may be between about 0.75 millimeters {mm) and about 2.50 mm, or between about 0.75 mm
and about 2.00 mm, or between about 0.75 mm and about 1.25 mm, or between about 0.75 mm
and about 1.0 mm. In some embodiments, the diameter of the orifice wall 150 may be about
1.00 mm. In some embodiments, the diameter of the orifice wall 150 may be between about
1.50 mm and about 2.50 mm, or between about 1.75 mm and about 2.30 mm, or about 2.00 mm,
or about 1.30 rorn. To the Wusirated embodiment, the orifice wall 150 is arranged concentrically

to the rim front surface 132, In some embodiments, for example, the ortfice wall 150 may be



WO 2025/136808 PCT/US2024/059987

~14-

eccentrically arranged (i e., arranged off-center} relative to the rim front surface 132 to provide
a desired flow pattern and/or atomization of the fluid flow therethrough.

00597 In some embodiments, multiple cutlet ornifice walls may be provided. In the
lustrated embodiment, the first nozzle portion 152 extends laterally forward from the rim front
surface 132, The angled wall 146 extends radially inward and laterally forward from the first
nozzle portion 152. The angled wall 146 intersects with the orifice wall 150. The orifice wall
150 extends laterally forward from the angled wall 146, Additionally, the orifice wall 150
extends laterally rearward from the intersection with the angled wall 146 toward the interior
cavity 130, In the illustrated embodiment, the orifice wall 150 extends laterally rearward, past
the rearmost point of the angled wall 146 but ends before the rearmost point of the rimn 116, In
some embodiments, the orifice wall 150 may extend rearward, past the rearroost point of the
rim 116, In some embodiments, the orifice wall may extend past the intersection of the angled
wall 146 and the orifice wall 150, but not past the forwardrost potot of the rim 116, With the
orifice wall 150 extending laterally rearward from the angled wall 146, a gap 198 is created.
The gap 198 further defines a section of the fluid passageway 176

00601 Still referring to FIG. 11, in the illusirated embodiment, each of the ribs 180 include
a semispherical ramp portion 200 and a spacer portion 202, Further, the ribs 180 extend from
the stop surface 190 of the raised portions 182 laterally rearward. The ribs 180 end before the
chamfered step 126, In further embodiments, the ribs 180 may be an alternative shape such as,
but not limited to, a rectangular prisry, a triangular prism, a cone, or an irregular shape. Further,
in other embodiments, the ribs 180 may be longer or shorter in length, causing the ribs 180 to
extend more or less rearward, respectively. In the illustrated embodiment, the ribs 180 intersect
with the flat-faced stop surface 190 of the raised portion 182 at a right angle. In further
embodiments, the ribs 180 and the raised portion 182 may intersect at an oblique angle, or may
not intersect at all.

10061} As shown in FIG. 12, the orifice wall 150 extends to the rim front surface 132,
Further, a first axis 204 runs longitudinally through the interior cavity 130 and the outlet
channel 148. The ribs 180 extend laterally rearward along the first axis 204 trom the rearmost
plane defined by the rivo 116 along the interior surface 168 of the body.  Tn further
embodiments, the ribs 180 may be longer or shorter in length, causing the ribs 180 to extend

more orless rearwardly, respectively. Asillustrated in FIGS. 11 and 12, 10 some embodiments,
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the ribs 180 may all have the same length, but in further embodiments, only some of the ribs
180 may have the same length, or none of the ribs 180 will have the same length, 7.e., the ribs
180 may have different lengths.

[0062] Referring to FIG. 13, a front cross-sectional view of the nozzle tusert 50 1s shown
at the intersection of the rim 116 and the nozzle body 118 (see FIG. 123 A second axis or
plane 206 15 defined as running perpendicular to the first axis 204, A third axis or plane 208 13
defined as extending perpendicular to the first axis 204 and the second axis 206, On the plane
detined by cross-section line 13-13 of FIG. 7, the fluid passageway 176 1s generally eylindrical
except for the plurality of ribs 180 that extend radially inward toward the first axis 204, On
the plane defined by cross-section line 13-13 of FIG. 7, the fluid may flow forward toward the
raised portions 182, the gap 198, or the cutlet channel 148,

[00631 Turning to FIG. 14, a front cross-sectional view of the nozzle insert 50 is shown at
the rearmost point of the orifice wall 150, On the plane defined by cross-section line 14-14 of
FiGz. 7, the fluid passageway 176 is generally cylindrical. The raised portions 182 narrow the
fluid passageway 176 to the gap 198 and the outlet channel 148, In the iltustrated embodiment,
the raised portions 182 extend radially inward towards the first axis 204 to meet the orifice wall
150, In some embodiments, the raised portions 182 may extend more or less radially inward.
The angled wall 146 (see FIG. 11) is not flush with the onfice wall 150, and the gap 198
between the angled wall 146 and the orifice wall 150 is not blocked by the raised portions 182
Along the plane detfined by line 14-14 of FIG. 7, the fluid may flow past the raised portions
182. Then, the fluid may enter the outlet channel 148 defined by the orifice wall 150, or the
fluid may enter the gap 198,

(00041 Now referring to Fi. 15, a front cross-sectional view of the nozzle insert 50 is
shown along line 15-15 of FIG. 7, where the angled wall 146 meets the rim front surface 132,
The shape of the nozzle portion 134 ts generally circular, and the cavities 160 are elliptical in
shape. The cavities 160 define two concave sides of the radially central wall 139, The cavities
160 also define two concave sides of the angled wali 146, The cross-section of the gap 198
between the angled wall 146 and the orifice wall 150 1s a curved rectangle 1n the illustrated
embodiment. Further, the gap 198 tapers as the angled wall 146 woves radially inward toward
the oritice wall 150, In some embodiments, the gap 198 may have an alternative cross-sectional

shape, such as, but not hmited to, a rectangle, square, triangle, oval, circle, or wrregular shape.



WO 2025/136808 PCT/US2024/059987

~16-

g

Along the plane defined by cross-section line 15-15 of FIG. 7, the fluid that entered the outlet
channel 148 defined by the orifice wall 150 during the previous step will move to exit the
system. The tluid that entered the gap 198 will rebound and be further agitated before entering
the outlet channel 148, In this sense, the gap 198 acts as a switl chamber.

06057 FIG. 16 tllustrates a front cross-sectional view of the nozzle insert 50 taken along
Hine 16-16 of FIG. 7. On the plane defined by cross-section line 16-16 of FIG. 7, the nozzle
portion 134 1s generally circular in shape, but the cavities 160 extend radially tnward to create
a non-circular shape. The orifice wall 150 defines the cylindrical fluid passageway 176, which
18 now the same as the outlet channel 148, and which 1s solely defined by the orifice wall 150.
Along the plane defined by cross-section hine 16-16 of FIG. 7, the fluid is located within the
outlet channel 148 and moves forward to exit the nozzle insert SO at the nozzle orifice 136, and
there is no gap between the angled wall 146 and the orifice wall 150,

[0066] Finally, referring to FIG. 17, a cross-sectional view is shown of the nozzle insert 50
along line 17-17 of FIG. 7, on a forwardmost plane where the angled wall 146 intersects the
orifice wall 150, Along the plane defined by line 17-17 of FIG. 7 the nozzle portion 134 13
circular 1n shape and solely defined by the orifice wall 150. The thid passageway 176, which
1s the sarne as the outlet channel 148, and which s now solely defined by the oritice wall 150,
is cylindrical in shape and located concentric to the orifice wall 150, In other embodiments,
the fluid passageway 176 and the outlet channel 148 may be a different shape, or may be located
eccentrically within the orifice wall 150, or a corobination of both. Along the plane defived by
fline 17-17 of FIG. 7, the fluid is still located within the fluid passageway 176 and the outlet
chanoel 148 and moves forward to exit the nozzle 1usert 50 at the nozzle orifice 136,

(06071 Next, as will be discussed hergin, the compositions or formulations of the present
disclosure provide a pest control or insecticidal composition with reduced levels of VOC (e g,
fess than B wi % YOU). Further, to achieve these low levels of VOCs, the compositions employ
a combination of effective non-VOC solvents, optimal propellant formulations and
concentrations, and beneficial amounts of emulsitiers. Each of these aspects, along with the
other components of the compositions, will now be discussed in detail,

(00681 Active agent. The active agent imparts insecticidal and/or insect repellent properties
to the low-VOC pest composition. In some embodiments, the active agent of the pest control

compositions of the present disclosure can include one or more pyrethrins, pyrethrowds, and
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combinations thereof. In specific embodiments, the active agent or agents of the low-VOC
pest control coraposition includes one or more of tmiprothrin, cypermethrin, deltamethrin, and
combinations thereof. In some embodiments, the active of the low-VOC pest control
composition includes cypermethrin.  In other embodiments, the active of the low-VOC pest
control composition includes imiprothrin. In other embodiments, the active of the low-VOU
pest control composition includes deltamethrin. In other embodiments, the active of the low-
YOU pest control composition includes cypermethrin and imiprothrin, In other embodiments,
the active of the low-VOU pest control composition includes imiprothrin and deltamethrin,
[0069] The one or more active agents may be included in a range between about 0.01 wi.%%
and about 5 wt %, or between about 0.01 wt % and about 3 wt.%, or between about 0.01 wt%
and about 2 wi.%, or between about 0.01 wi.% and about 1 wt %, or between aboui 0.01 wt %
and about 0.5 wt. %, or between about 0.01 wt % and about 0.3 wt.%, or between about 0.01
wi.% and about 0.25 wi.%, or between about 0.01 wt.% and about 0.2 wi%. Further, in
particular embodiments, the one or more active agents may be included in a concentration of
about 0.22 wt %.

F0070] Cypermethrin (CAS No. 52315-07-8) is a synthetic pyrethroid that behaves as a
fast-acting neurotoxin in insects.  Cypermethrin has the IUPAC name {[cvano-(3-
phenoxyphenyDmethy13-(2, 2-dichloroethenyi}-2, 2-dimethyleyclopropane-1-carboxylate.
Cypermethrin can be included in the compaosition in at feast 0.005 wt % or at feast 0.01 wt.%
and up to about 0.02 wt.%, up to about 0.03 wit.%, up to about ¢.04 wi.%, up to about 0.0S
wt. %, up to about 0.06 wt.%, up to about 0.07 wt.%, up to about 0.08 wt %, up to about 0.09
wi.%, up to about 0.1 wit.%, up to about 0.1034 wt.%, up to about .11 wi %, up to about 0.12
wt.%, or up to about 0.15 wt.%. In other embodiments, cypermethrin may be included in a
range between about 0.01 wi.% and about 5 wt.%, or between about 0.01 wt % and about 3
wt %, or between about .01 wt.% and about 2 wt.%, or between about 0.01 wt.% and about 1
wi.%, or between about 0.01 wt.% and about 0.5 wi.%, or between about 0.01 wit.% and about
0.3 wt.%, or between about 0.01 wt.% and about 0.2 wi.%, or between about 0.01 wi.% and
about 0.15 wt.%. Further, in particular embodiments, the cypermethrin may be included in a
concentration of about 0.1 wt.%%.

[00717  Jmiprothrin (CAS No. 72963-72-5) is a synthetic pyrethroid that behaves as a fast-

acting neurotoxin in wnsects.  Imiprothrin has the IUPAC namel2,5-Bioxo-3~{prop-2-yn-1-
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yhimidazolidin-1-yljmethyl 2,2-dimethyl-3-{2-methylprop-1-en-1-yljcyclopropane-1-
carboxylate. Imiprothrin can be included 10 the composition in at least 0.005 wt.% or at least
0.01 wt.% and up to about 0.02 wt %, up to about 0.03 wt.%, up to about 0.04 wt%, up to
about 0.05 wt.%, up to about 0.06 wt %, up to about 0.07 wt.%, up to about 0.08 wt.%, up to
about 0.09 wt.%, up to about 0.1 wi.%, up to about 0.11 wt. %, up to about 0. 1188 wt.%, up to
about 0.12 wt.%, orup to about 0.15 wi.%. In other embodiments, imiprothrin may be included
in a range between about 0.01 wit. % and about § wt.%, or between about 0.01 wi.% and about
3 wt.%, or between about 0.01 wt.% and about 2 wi.%, or between about 0.01 wi % and about
I wit. %, or between about 0.01 wi.% and about 0.5 wi.%%, or between about 0.01 wt % and about
0.3 wt.%, or between about 0.01 wt.% and about 0.2 wt.%, or between about 0.01 wt.% and
about 0.15 wt%. Further, in particular erobodiruents, the imiprothrin roay be included in a
concentration of about 0.12 wt.%.

(0072} Deltamethrin (CAS No. 532918-63-53) is a synthetic pyrethrond that behaves as a
fast-acting neurctoxin in insects. Deltamethrin has the IUPAC name [(8)-cyano-(3-
phenoxyphenyhmethyl 1R 3R)}-3-(2,2-dibromoethenyl}-2, 2-dimethyicyclopropane-1 -
carboxvlate. Deltamethrin can be included in the composition in at least 0.01 wt.% or at least
0.05 wt.% or at least 0.1 wt.% and up to about 0.15 wt.%, up to about 0.2 wt.%, up to about
0.25 wt %, up to about 0.3 wt.%, up to about 0.35 wt.%, up to about 0.4 wi.%, up to about 0.45
wt.%, or up to about 0.5 wt.%._In other embodiments, deltamethrin may be included in a range
between about 0.01 wi.% and about S wi %, or between about 0.01 wi.% and about 3 wi %, or
between about 0.01 wt.% and about 2 wt %, or between about 0.01 wt.% and about 1 wt.%, or
between about 0.01 wi.% and about §.5 wt.%, or between about 0.01 wi % and about 0.3 wt %,
or between about 0.01 wt.% and about 0.2 wt.%, or between about 0.01 wt.% and about 0.15
wt.%. Further, in particular erabodiments, deltamethrin may be included in a concentration of
about 0.3 wt.%.

[0073] Sofvent. The composition of the present disclosure may also include a solvent, for
example 1o dissolve certain compounents, to enhance functionality of the components, or for
textural and sensorial atiributes. In some embodiments, the solvent includes at least one of
citric acid esters, cyclohexanone, glycol ethers, C14-C16 saturated alkanes, C11-C16 aliphatic
hydrocarbons, and combinations thereof. In further embodiments, the solvent may additionally

or alternatively include ethanol and acetone. The concentration of these non-VOC solvents s



WO 2025/136808 PCT/US2024/059987

-19.

important for product performance because they dictate the rate at which the emulsion breaks.
If the emulsion breaks too quickly, the composition dispenses as a continuous stream, rather
than an aerosolized spray.

[0074] In certain embodiments, the composition includes a solvent. In these embodiments,
the solvent may include at fgast one of citric acid esters, cycliohexanone, glycol ethers, {14~
C16 saturated alkanes, C11-C16 aliphatic hydrocarbons, and combinations thereof. These
C11-C16 aliphatic hydrocarbons may have no lingering chemical odors.  In particular
embodiments, the composition includes a hydrocarbon solvent and a non-VOC solvent. In
these embodiments, the non-VOC solvent may be a curic acid ester, a glycol ether, or a
combination thereof. Further, in these embodiments, the non-VOC solvents may assist with
solubilizing the active agents, including cypermethrin, which has lunted solubility in many
solvents. Even further, the non-VOC scivent may solubilize with alkanes, C14-C16 linear
hydrocarbon solvents, or other hydrocarbon solvents.

[0075] The concentration of the non-VOUC solvent may also be critical to the functioning
of the composition and may determine many parameters of the composition, such as how fast
the emulsion breaks. For example, if the emulsion breaks too fast, the spray from the can may
come out as a continuous strearm and not an aerosolized spray, which 1s undesirable. Further,
sometimes small variations in solvent amount may cause an emuision to break too quickly
and/or not form in the can when shaken. As such, one skilied in the art would understand the
complexities with creating compositions with such solvents and the difficulty in creating
optimal agrosol compositions having non-YVOU solvents.

[0076] In some embodiments, the composition includes about 1 wt.% to about 55 wit.% of
the solvent, and in some other embodiments, the composition includes about 1 wt.% to about
35 wt.% ot the solvent, based on the total weight of the composition.  In further embodiments,
the composition includes about 25 wt.% to about 52 wt% of the solvent based on the total
weight of the composition. In further embodiments, the composition includes about 20 wt.%
to about 35 wt% of the solvent based on the total weight of the composition. In other
embodiments, the composition includes a solvent present in about 28 wt.% to about 34 wt.%,
based on the total weight of the composition, or between about 29 wt % to about 34 wi%,
based on the total weight of the composition. In another embodiment, the solvent is present

between about 28 wt %% to about 29 wt %, based on the total weight of the composition.  In
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another embodiment, the solvent is present between about 29 wt.% to about 30 wt %, based on
the total weight of the composition.  In another embodiment, the solvent is present between
about 30 wt.% to about 31 wt.%, based on the total weight of the composition. In vet anocther
embodiment, the solvent is present between about 32 wt % to about 33 wi.%, based on the total
weight of the composition. In vet another embodiment, the solvent is present between about
33 wt.% to about 34 wi.%, based on the total weight of the composition. In other embodiments,
the one or more solvents may be individually present in an amount ranging from about 0.01
wi. % and about 10 wit.%, or between about 0.01 wt.%% and about 7 wt.%, or between about 0.01
wit. % and about 5 wt.%, or between about 0.01 wt % and about 4.5 wt %, or between about
0.01 wt.% and about 3 wt %, or between about 0.01 wt.% and about 2.5 wt %. While specific
values chosen for this embodiment are recited, it 18 to be understood that, within the scope of
the disclosure, the concentration of solvent may vary to suit different applications. The
concentration ranges of solvents will vary based on the additional components of the pest
control composition, including, but not limited to, the cypermethrin, deltamethrin, imiprothrin,
emulsifier, propellant, corrosion imhibitor, and carrier,

F0077] Additionally, according to one embodiment, the solvent includes at least one of
citric acid esters, cyclohexanone, glycol ethers, C14-C16 saturated alkanes, C11-C16 aliphatic
hydrocarbons, and/or combinations thereof. For example, in an embodiment, the solvent
includes at ieast one of C14-C16 saturated alkanes, glycol ethers, and/or combinations thereof.
In another embodiment, the solvent includes at least one of C14-C16 saturated alkanes, citric
acid esters, and/or combinations thereof. In an even further embodiment, the solvent is selected
from the group consisting of citric acid esters, cyclohexanone, glycol ethers, C14-C16 saturated
alkanes, C11-C16 aliphatic hydrocarbons, and/or combinations thereof,

[0078] Further, according to one embodiment, the solvent includes C1I-Cl6 aliphatic
hydrocarbons. Here, the solvent may be an isoparaftin or isoparaffinic hyvdrocarbon, inchading
synthesized mixtures of hydrocarbons. For example, some exemplary embodiments may
include one or more of the following solvents: Ketrul® D100 (TotalEnergies SE, La Défense
6, France), Isopar® M (Exxon Mobil Corporation, Irving, TX), Isopar™ L (Exxon Mobil
Corporation, Trving, TX), SMD 100 by Sinopec, SMD 95 by Sinopic, ShellSol TD, and
combinations thereof. In these embodiments, the composition includes about 25 wit % to about

44 wt.% of C11-C16 aliphatic hydrocarbous, based on the total weight of the composition. In
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further embodiments, the composition includes about 28 wt.% to about 35 wt.% of C11-Cli6
aliphatic hydrocarbons, based on the total weight of the composition, or about 28.20 wt.% to
about 34.50 wt.%. In even further embodiments, the composition includes about 30.7 wt % to
about 308 wt% of C11-C16 aliphatic hydrocarbous, based ou the total weight of the
composition. In other embodiments, however, the composition is substantially free of C11-
C16 aliphatic hydrocarbons.  While specific values chosen for this embodiment are recited, it
is 10 be understood that, within the scope of the disclosure, the concentration of C11-Cio
aliphatic hydrocarbons may vary to suit different applications. The concentration ranges of
C11-C16 aliphatic hydrocarbons, for example, will vary based on the additional components
of the pest control composition, such as the active agents, the propellant, and the carrier.
(00791 In another embodiment, the solvent includes C14-C16 saturated alkanes. Here, the
solvent may include a solvent of alkane mixtures. For example, some exemplary embodiments
may include one or more of the following solvents: Ketrul® D100 (Totalfinergies SE, La
Défense 6, France); gas-to-liquid (GTL) solvents, such as G81927; Linpar® 1416 (Sasol taly
SPA., Milano, Italy), Ketrul® D80 (TotalEnergies SE, La Défense 6, France), SMD 80 by
Stnopec, and/or Exxsol™ D80 (Exxon Mobil Corporation, Irving, TX). In these embodiments,
the composition includes about 25 wt % to about 44 wt.% of C14-C16 saturated alkanes, based
on the total weight of the composition. In further embodiments, the composition includes about
28 wt% to about 35 wt% of C14-C16 saturated alkanes, based on the total weight of the
composition. In even further embodiments, the composition includes about 28.2 wi. % to about
34.5 wt % of C14-C16 saturated alkanes, based on the total weight of the composition. In still
further embodiments, the composttion includes about 32.64 wit% of C14-C16 saturated
alkanes, based on the total weight of the composition. In other embodiments, however, the
composition is substantially free of C14-C16 saturated alkanes. While specific values chosen
for this embodiment are recited, it is to be understood that, within the scope of the disclosure,
the concentration of C14-C16 saturated alkanes may vary to suit different applications. The
concentration ranges of C14-C16 saturated alkanes, for example, will vary based on the
additional components of the pest control composition, such as the active agents, the propeliant,
and the carrier.

00807 In vet ancther embodiment, the selvent includes glycol ethers. For example, some

exemplary embodiments may ioclude ove or more of the foliowing solveunts: Butyl
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CARBITOL™ Sclvent (Dow Chemical Co., Midland, MI), DOWANOL® DPnP Glycol Ether
{Dow Chemical Co., Midland, MI), Hexyl CARBITOL™ Solvent (Dow Chemical Co.,
Midland, M1}, Hexyl CELLOSOLVE™ (Dow Chemical Co., Midland, MI), DOWANOCL®
PPh Glycol Ether (Dow Chemical Co., Midiand, M), and/or glycol ether solvents offered by
LyondellBasell® (LyondeliBasell Industries Holdings BV (besloten vennootschap {(b.v.};
NETHERLANDS)), including glycol ether DB and glycol ether DE, for example. In these
embodiments, the composition includes about .1 wt.% to about 10 wi% of glycol ethers,
based on the total weight of the composition. In further embodiments, the composition
includes about 0.15 wt.% to about 5 wt.% of glycol ethers, based on the total weight of the
composition. In even further embodiments, the composition includes about 0.2 wt % to about
2.5 wt.% of glycol ethers, based on the total weight of the composition. In other embodiments,
the composition includes about 0.2 wt.% to about 1.5 wt.%, or about 0.2 wt.% to about 1.3
wt.% of glycol ethers, based on the total weight of the composition. In sorse embodiments,
however, the composition is substantially free of glycol ethers. While specific values chosen
for this embodiment are recited, 1t is to be understood that, within the scope of the disclosure,
the concentration of glycol ethers may vary to suit different applications. The concentration
ranges of glycol ethers, for example, will vary based on the additional components of the pest
control composition, such as the active agents, the propellant, and the carrier.

(0081} Still further, 1n some embodiments, the solvent includes citric acid esters. For
exaruple, some exemplary embodiments may toclude one or more of the following solvents: a
triethyl citrate {(e.g., Citroflex® C-2 Aurorium Holdings LLC, Indianapolis, IN), acetyitrigthyl
citrate {(e.g., Citroflex® A-2), tr-u-butyl citrate {e.g., Ciiroflex® (-4}, acetyltri-n-butyi citrate
(Citrotlex® A-4), acetyltri-p-hexyl citrate (Citroflex® A-6), n-Butyryitri-n-hexyl citrate
{Cutroflex® B-6), and combinations thereof. Citroflex® solvents are biodegradable and non-
toxic, and Ciiroflex® A-4, also called acetyl-tri-n-butyl citrate, ts phthalate-free. In these
embodiments, the composition includes about 0.1 wt. % to about 10 wt.% of citric acid esters,
based on the total weight of the composition. In further embodiments, the composition includes
about 0.15 wt.% to about 8 wt% of citric acid esters, based on the total weight of the
composition. In even further embodiments, the composition includes about 0.2 wt. % to about
2.5 wt% of citric acid esters, based on the total weight of the composition. In other

embodiments, the composition includes about 0.2 wt % to about 1.3 wit.% of citric acid esters
2 >
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based on the total weight of the composition. In other embodiments, however, the composition
is substantially free of citric acid esters. While specific values chosen for this embodiment are
recited, it is to be understood that, within the scope of the disclosure, the concentration of citric
acid esters may vary to suit different applications. The concentration ranges of glycol ethers,
for example, will vary based on the additional components of the pest control composition,
such as the active agents, the propellant, and the carrier.

[00821 Lmulsifier.  The composition of the present disclosure may also include an
emulsifier, for example, to keep the active mgredient emulsified in the composition. The
concentration of emulsifier is also important for product performance. A composttion having
too low a concentration of emulsifier exhibits inferior spray due to incomplete emulsion
formation, while a composition having too high a concentration of emulsifier exhibits a thick,
foamy spray which impacts insecticide performance. In some embodiments, the composition
includes an emuldsifier. In some embodiments, the emulsifier includes at teast one of lecithin,
sodium lauryl sulfate, sodium oleate, potassium oleate, sodium ricinolate, Quillaja saponin,
polyglyceryl oleate, glyceryl monooleate, sorbitan monooleate, and any combinations thereof.
[00831 In certain embodiments, the emulsifier is present in about 0.01 wt.% to about S
wt.%, based on the total weight of the composition. In an embodiment, the emulsifier is present
from about 6.01 wt.9% to about 4 wi.%, based on the total weight of the composition. In other
embodiments, the composition includes about 0.01 wt.% to about 3 wt.% emulsifier, based on
the total weight of the composition.  In some embodiments, the composition wnchudes about
0.01 wt % to about 2 wt.% emulsifier, based on the total weight of the composition. In certain
embodiments, the composition includes about 0.01 wt.% to about 1 wt.% emulsifier, based on
the total weight of the composition. In an embodiment, the emulsifier is present from about
0.01 wt.% to about 0.5 wt.%, based on the total weight of the composition. In an embodiment,
the emulsifier 15 present from about 0.05 wt.% to about 0.2 wt.%, based on the total weight of
the composition. In even further embodiments, however, the composition 18 substantially free
of an emulsifier. While specific values chosen for this embodiment are recited, it is to be
understood that, within the scope of the disclosure, the concentration of emulsitier may vary to
sutt different applications and product formulations {e g, foaming aerosol vs. fast breaking

emulsion aerosol). The concentration ranges of emulsifier will vary based on the additional
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components of the pest control composition, including, but not limited to, the solvent, the
carrier, corrosion wnhibitor, propeliant, and the active agents.

00847 Further, according to one embodiment, the emulsifier includes sorbitan monooleate.
fn this embodiment, the sorbitan monooleate s present from about 0.01 wt.% to about 4 wt %,
based on the total weight of the composttion. In other embodiments, the composition includes
about 0.01 wt.% to about 3 wt% sorbitan monocoleate, based on the total weight of the
compaosttion. In some embodiments, the composition includes about 0.01 wt.% to about 2 wt.%
sorbitan monooleate, based on the total weight of the composition. In certain embodiments,
the composition includes about 0.01 wt.% to about 1 wt % sorbitan monooleate, based on the
total weight of the composition. In an embodiment, the sorbitan monooleate is present from
about 0.05 wt % to about 0.2 wt.%, based ou the total weight of the composition. In further
embodiments, the sorbitan monooleate is present at about 0.115 wt %, based on the total
weight of the composition. In even further embodiments, however, the composition s
substantially free of sorbitan monooleate. While specific values chosen for this embodiment
are recited, 1t 18 o be understood that, within the scope of the disclosure, the concentration of
sorbitann monooleate may vary to suit different applications. The concentration ranges of
sorbitan monooleate will vary based on the additional components of the pest control
composition, including, but not limited to, the solvent, the carrier, corrosion inhibitor,
propellant, and the active agents.

0085 Carrier. The composition of the present disclosure may also include a carrier, for
example, to help aid in the delivery of the active agents, diluent, and flow aid. The carrier may
improve content voiformity and facilitates reproducibility of the applied dose. The carrier,
among other ingredients, allows the pesticide to be dispersed effectively. The term “carrier”
as used herein means a material, which can be inorganic or organic and of synthetic or natural
origin, with which the active agent 1s mixed or formulated to factlitate its application to the
host, area, or other object to be treated, or to facilitate its storage, transport, and/or handling.
In general, any of the materials customarily emploved in formulating repellents, pesticides,
herbicides, or fungicides, are suitable.

00861 In certain embodiments, the composition includes about S wit.% to about 95 wt.%
of a carrier, or about 5 wt.% and about 90 wt.%, or about 5 wt % to about 85 wt.%, or about 5

wi.% to about 80 wt. %, or between about 5 wi.% to about 75 wt %, or between S wt.% to about
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70 wt %, or about 5 wt.% to about 65 wt %, In further embodiments, the formulation includes
about 30 wi % to about 70 wt.% carrier, based on the total weight of the composition. In certain
embodiments, the composition includes about 55.5 wt % to about 62.5 wt % carrier, based on
the total weight of the composition. In other embodiments, the composition 1ncludes about 55
wt.% to about 63 wt.% carrier, based on the total weight of the composition. In still further

~
/
i

embodiments, the composition includes about 57 wt % to about 60 wt.% carrier, based on the
total weight of the composition. In still further embodiments, the composition includes about
S8 wt.% carrier or about 59 wt.% carrier, based on the total weight of the composition. In some
embodiments, the carrier includes punified water. In other embodiments, the carrier is purified
water. In further embodiments, the carrier 1s an otl, such as mineral oil. While specific values
chosen for this embodiment are recited, it 1s to be understood that, within the scope of the
disclosure, the amount of carrier may vary to suit different applications. The amount ranges of
carrier will vary based on the additional components of the pest control composition, such as
the active agents, solvent, corrosion inhtbitor, and emulsifier.

0087} Corrosion Inhibiror. The composition of the present disclosure may also include a

corrosion inhibitor, for example, to belp prevent degradation of a metal container that 1s used
to store and/or dispense the composition. The pest control formulation as disclosed herein can
be provided to the user in a metal container. Preventing the corrosion of the container is
important to avoid spilling and wasting the contents if the container is stored for an extended
period of time between uses. Therefore, a corrosion inhibitor can be added to the tormulation
to increase shelf'life. Corrosion inhibitors can include inorganic compounds as well as aliphatic
or aromatic amines, and nitrogen heterocyclic compounds. In specific embodiments berein,
the organic salt ammonium benzoate is used as a corrosion inhibitor. In some embodiments,
ammonium benzoate 15 included at about 0.05 wi % to about 2 wit.%, or about 0.05 wt% 1o
about 1 wt %, or about 0.05 wt.% to about 0.5 wt.%, or about 0.05 wt.% to about 0.2 wt.%,
based on the total weight of the composition. In some embodiments, anunonium benzoate s
included at about 0.075 wt.% to about 0.15 wt.%, based on the total weight of the composition.
In a particular exnbodiment, ammonium benzoate can be included at about 0.08 wt.% to about
011 wt%, based on the total weight of the composition. In a particular embodiment,
ammonium benzoate can be included at about 0.090 wt.% or 0.105 wt.%, based on the total

weight of the composition. In even further embodiments, however, the composition is
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substantially free of a corrosion inhibitor. While specific values chosen for this embaodiment
are recited, 1t 18 to be understood that, within the scope of the disclosure, the concentration of
corrosion inhibitor may vary to suit different applications. The concentration ranges of
cotrosion inhibitor will vary based on the additional components of the pest control
composition, including, but not limited to, the solvent, the carrier, emulsifier, propeliant, and
the active agents.

0088 Fropeflant. 1o certain embodiments, the composition includes a propellant, for
example, to provide a force to expel the formulation from the comtainer.  In certain
embodiments, the propeliant is selected from the group comprising methane, ethane, propane,
pentane, 1sobutene, n-butane, isobutane, dimethyl ether, carbon dioxide, nitrogen, air, liquified
petroleum gas, and any combinations thereof. In cerfain embodiments, the propellant is
selected from the group consisting of methane, ethane, propane, pentane, isobutene, n-butane,
isobutane, dimethyl ether, carbon dioxide, nitrogen, air, and any combinatious thereof. In some
embodiments, the propeliant can be pressurized in the can to about 50 psi, about 60 psi, about
70 pst, about 80 psi, about 90 psi, or about 100 psi. In other embodiments, the propellant
pressure 18 between about 70 psi and about 100 psi, or between about 80 psi and about 96 psi.
In certain embodiments, the composition includes about 1 wt.% to about 10 wt% of the
propellant, based on the total weight of the composition. In certain embodiments, the
composition includes about 5 wt. % to about 8 wt.% of the propellant, based on the total weight
of the composition. In certain ervbodiments, the composition includes about 6.5 wt.% to about
& wt.% of the propellant, based on the total weight of the composition. In certain embodiments,
the composition includes about 7 wt.% to about 8 wit.% of the propellant, based on the total
weight of the composition. In certain embodiments, the composition includes about 7.5 wit.%
of the propellant, based on the total weight of the compesition. In specific embodiments, the
composition includes a propellant at a weight percentage below 10 wi.%, below 9 wt.%, or
below 8 wt.%.

[0089] Further, in some embodiments, the propeliant ts at least partially a part of the
composition and dissolves in the active or organic phase of the formulation. As a result, the
propellant helps with the formation of the emulsion system. While specific values chosen for
this embodiment are recited, it is to be understood that, within the scope of the disclosure, the

concentration of propellant may vary to suit different applications. The conceniration ranges
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of propetiant will vary based on the additional components of the pest control composition,
including, but not limited {0, the solvent, the carrier, surfactant, corrosion inhibitor, and the
active agents.

{0090} In certain embodiments, the propeliant includes at least one of isobutane, propane,
or combinations thereof. In certain embodiments, the propeliant includes a combination of
isobutane and propane with an 1sobutane to propane weight ratio of about 20:80 to about 45:55.
Inn a further embodiment, the propellant includes a combination of isobutane and propane with
an isobutane to propane weight ratio of about 30:70. In a further embodiment, the propellant
18 an A-90 propellant, including a combivation of 1sobutane and propane with an isobutane to
propane weight ratio of about 30.16:69 84, In a turther ernbodiment, the propeliant is an A-70
propellant, including a combination of 1sobutane and propane with an isobutane o propane
weight ratio of about 57.11:42.89  If the weight ratio of isobutane to propane exceeds
21.27.78.73, it was found that the propellant pressure produces a fine nust, with particle sizes
which are ill-suited to targeting crawling insects. When particle sizes are too small, they form
fine droplets which allow the active agents or carrier agents to quickly evaporate, which then
hinders the delivery of actives through the 1nsect’s cuticles. By balancing the isobutane to
propane ratio, a stable emulsion which produces the proper energy when leaving the actuator
was produced. In particular, a correct balance of the isobutane to propane ratio helped to
solubilize with the composition and create an emulsion, while stili having enough propane to
give the energy needed for flash vaporization in the vozzle. This coutrasts with other
mainstream aerosols that have much higher propellant pressure, producing fine particles and a
wide spray diameter. Once in the air, the propellent in the formula helps break up the
formulation tnto the correct diameter of particles, allowing the composition to hit and coat the
target insect. This demonstrates the importance of having the correct propellant ratio in the
formula. By optimizing the propellant composition, a formulation which allows for flexibility
and interchangeability between actuators and valves was produced.

[0091] Fragrance. o certain embodiments, the composition includes a fragrance, for
example, to improve the scent of the composition. A fragrance suttable for use as an active
agent may be any suitable natural or synthetic fragrance, based on a single component or blend

of components. Fragrances are available commercially from fragrance manufacturers such as



WO 2025/136808 PCT/US2024/059987

w2 B

Takasago, International Flavors & Fragrances Inc., (uest, Firmenich, Givaudan, Symrise and
the like.

100921 In certain embodiments, the fragrance is present in about 0.01 wt % to about T wt %,
based on the total weight of the composition. In an embodiment, the fragrance is present fror
about 0.01 wt.% 1o about 0.5 wit.%, based on the total weight of the composition. In other
embodiments, the composition includes about 0.1 wt. % to about 0.3 wt % fragrance, based on
the total weight of the composition. In some embodiments, the composition includes about 0.2
wt.% to about 0.25 wt% tragrance, based oun the total weight of the compesition. In even
further emabodiments, however, the composition is substantially free of a fragrance.

[0093] Further, the propellant and the concentration thereof may assist with creating
optimal spray characteristics for the composition. In particular, in some embodiments, the
composition may have a discharge rate between about | ¢/s and about 6.0 g/s, or between about
1.5 g/s and about 4.0 g/s, or between about 2.0 g/s and about 3.5 g/s, or between about 2.2 g/s
and about 3.4 g/s, or between about 2.5 ¢/s and about 3.5 g/s, or between about 2.6 g/s and
about 3.2 g/s. In particular embodiments, the composition may have a discharge rate of about
2.9 g/s.

[0094] The composition may also have an optimal particle size, such as an optimal Dv{50)
value. In some embodiments, the composition may have a Dv(50) value between about 100
um and about 300 um, or between about 100 pm and about 250 um, or between about 130 um
and about 210 pm, or between about 150 yr and about 200 pm, or between about 165 wm and
about 195 wm. In particular embodiments, the composition includes a Dv{50) particle size of
about 180 um.

[0095] The composition may also have an optimal paittern diameter. In these embodiments,
the pattern diameter may be between about | inch and about 8 inches, or between about 3
inches and about S inches, or between about 3.5 inches and about 4 inches.

[0096] The composition may also have an optimal spray distance. In these embodiments,
the spray distance may be between about 6 inches and about 30 inches, or between about 15
inches and about 20 inches. Tn particular embodiments, the spray distance may be about 18
inches.

[00971 Asshown in FIGS. 18-22, the composition may be used with the product dispensing

system 40, including the actuator 48 and the nozzle insert 50 FIGS. 18-22 each illustrate a
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scale indicating the volume fraction of liguid formula of the composition. The scale is used to
indicate the state of the composttion at different points along the fluid passageway 176, For
descriptive purposes, the below disclosure recites the following states: entirely liquid,
substantially hquid, intermediate, substantially gaseous, and entirely gaseous. An entirely
fiquid state refers to a volume fraction of liguid formula from about 0.8 to about 1.0, a
substantially liquid state refers to a volume fraction of liquid formula from about 0.6 to about
0.8, an intermediate state refers to a volume fraction of hiquid formula from about € 4 to about
0.6, a substantially gasecus state refers to a volume fraction of liguid formula from about 0.2
to about 0.4, and an entirely gaseous state refers to a volume fraction of about 0.0 to about 0.2
A start time TO occurs when the dispensing system 40 is first actuated by a user.

00981 Referring to FIG. 18, a first stage occurs at a first time T1. The furst time T1 occurs
after the start ime TO. At the first stage, the composition is in an entirely Hguid state when it
first enters the actuator assembly 44, As the composition travels through the nozzle conduit
80, the compostiion transitions to an entirely gaseous state. Once the composition reaches the
nozzle insert cavity 88, the composition is in an entirely gaseous state.  The gaseous
composition fills the fluid passageway 176, including the nozzle tnsert cavity 88, the gap 198
of the nozzie insert 50, and the outlet channel 148, At the first stage, the dispensing system 40
is not dispensing any composition, so no composition moves past the front face 178 of the
nozzle insert 50.

00991 Turping to FIG. 19, a second stage occurring at a second time T2 1s iHlustrated. The
second time T2 occurs after the first time T1. At the second stage, the composition is in an
entirely Hguid state when the composition first enters the actuator assembly 44. Further, most,
but not all, of the nozzle conduit 80 s filled with the composition in an entirely liguid state or
substantially hiquid state. The remainder of the nozzle conduit 80 1s tilled with the composition
in an intermediate state or in a substantially gaseous state. Once the composition enters the
nozzle insert cavity 88, the composition returns to a substantially liquid state and tills the fluid
passageway 176. Further, the composition, in a substantially liquid form, fills the gap 198 of
the nozzie nsert S0, The composition also enters the outlet channel 148, where it quickly
transitions to a substantially gaseous state. Ounce the composition exits the nozzle tnsert 50 by

passing the front face 178 of the nozzle insert 50, the compesition is in an entirely gaseous
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state. The second stage illustrates the composition first exiting the dispensing system 40, and
the stream of gaseous composition is a relatively straight path.

(001007  Now referring to FIG. 20, a third stage occurring at a third time T3 1s illustrated.
The third time T3 occurs after the second time T2, At the third stage, the composition is still
in an entirely liguid state when the composition first enters the actuator assembly 44, Further,
most, but not all, of the nozzle conduit 80 is filled with the composition in an entirely liguid
state or a substantially liquid state. The remainder of the nozzle conduit 80 is filled with the
composition in an intermediate state. Once the composition enters the nozzle insert cavity 88,
the composition returns to a substantially liquid state and fills the fluid passageway 176
Further, the composition, in a substantially liquid state, fills the gap 198 of the nozzle msert
50. The compogsition also enters the outlet channel 148, where 1t guickly transitions {0 a
substantially gaseous state and then an entirely gaseous state. Once the composition exits the
nozzle nsert 50 by passiog the front face 178 of the nozzle insert 50, the composition is in an
entirely gasecus state. The third stage illustrates a steady stream of gaseous composition
exiting the dispensing system 40 in a substantially straight path.

FO0101] Turning to FIG. 21, a fourth stage occurring at a fourth time T4 is tlustrated. The
fourth time T4 occurs after the third time T3, At the fourth stage, the composition 1s still in an
entirely liguid state when the composttion first enters the actuator assembly 44, Further, most,
but not all, of the nozzle conduit 80 is filled with the composition in an entively hiquid state or
a substantially liquid state. Once the composition enters the nozzle insert cavity 88, the
composition transitions to an intermediate state. The composition in the gap 198 isin a
substantially liquad state or an entively hiquid state. The composition in the outlet channel 148
is in an entirely gaseous state. At the fourth stage, a steady stream of compostiion in an entirely
gaseous state exits the dispensing system 40 via the outlet channel 148 in a substantially straight
path.

[00102]  Finally, as shown in FIG. 22, a fifth stage occurring at a fifth time TS 1s llustrated.
The fifth time T5 occurs after the fourth time T4, At the fifth stage, the composition is in an
entirely higuid state when the composition first enters the actuator assembly 44, Further, all of
the nozzle conduit 80 is filled with the composition in a liquid state or substantially hiquid state,
Once the compoesition enters the norzle insert cavity 88, the composition {ransitions to an

intermediate or substantially gaseous state. However, the composttion in the gap 198 of the
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nozzie insert 50 is substantially liquid. The composition that enters the outlet channel 148 is
in a substantially gaseous state, and quickly transitions to an entirely gaseous state within the
cutlet channel 148 The fifth stage tllustrates a steady stream of composition in an entirely
gaseous state exiting the dispensing system 40 via the outlet channel 148 1n a substantially
stratght path.

[00103]  FIGS. 18-22 illustrate a sequential series of stages that occur between when the
dispensing system 40 is first actuated, at the start time TO, and when the dispensing system 40
has reached a steady dispensing state, at the time T35 (see FIG. 22). Asillustrated in FIGS. 18-
22, the combination of the composition and the nozzle insert 50 creates an optimal spray patiern
by leaving the composition in an entirely or substantially hiquid state until the composition
enters the nozzle 1usert cavity 88, Further, the optimal spray paitern of the composition and
the nozzle insert 50 will be the same whether the dispensing system 40 is filled with the
composition or only partially filled with the composition, because the composition does not
transition 1o a gaseous state until the composition enters the nozzle insert cavity 88,

[00104]  Thus, embodiments of the present disclosure provide a nozzle insert for a product
dispensing system. In some embodiments, the improved nozzle insert can provide improved
manufacturability and reduce defects arising during assembly {or use) from over-compression
of a nozzle insert. For example, some embodiments of the invention provide a nozzle insert,
and a corresponding nozzle-insert cavity in an actuator of an actuator assembly that can
mitigate the effects of over-compression of the nozzle insert.  This can, for example,
correspondingly reduce (e.g., eliminate) the probability of forming defects in the actuator
assembly during assembly. In some cases, nozzle assemblies for containers {e.g., as included
on a larger aciator assembly) can provide a desired flow characteristic {e.g., spray pattern,
flow rate, metening effect, and so on).

[0G105]  In alternative embodiments, the composition may include an tnsecticide disposed
within a carrier liquid, a deodorizing hquid, or the like. The composition may also comprise
other actives, such as sanitizers, mold or mildew inhibitors, insect repelients, and/or the like.
In alternative embodiments, it 15 contemplated that the container 42 may contain any type of
pressurized product and/or muxtures thereof) thus, the product dispensing system 40 may be
adapted to dispense any number of different products. In some embodiments, the container 42

may contain lquetied, non-hiquefied, or dissolved compressed gas, which may oclude one or
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more of the compressed gases listed above. In some embodiments, the container 42 may
contatn one or more of a hydrocartbon gas or hydrocarbon derivative, including acetylene,
methane, propane, butane, isobutene, halogenated hydrocarbons, ethers, mixtures of butane and
propane, otherwise known as Hguid petroleurn gas or LPG, and/or mixtures thereof

[00106] It will be appreciated by those skilled in the art that while the invention has been
described above in connection with particular ernbodiments and examples, the invention is not
necessarily so limited, and that numerous other embodiments, examples, uses, modifications
and departures from the embodiments, examples and uses are intended to be encompassed by
the clairos attached hereto.

[00107]  While the methods and systems disclosed herein may be embodied in many
different forms, several specific embodiments are discussed herein with the understanding that
the embodiments described in the present disclosure are to be considered only exemplifications
of the principles described herein, and the disclosure is not ntended to be lhimited to the
embodiments ilustrated.

[00108]  Any of the embodiments described herein may be modified to include any of the
structures or methodologies disclosed in connection with different embodiments. Further, the
present disclosure s not limited to agrosol containers of the type specifically shown. Stll
further, the overcaps of any of the embodiments disclosed herein may be modified to work

with any type of aerosol or non-aerosol container.
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INDUSTRIAL APPLICABILITY
[O001091  Numerous modifications to the present disclosure will be apparent to those skilled
in the art in view of the foregoing description. Accordingly, this description is to be construed
as Hlustrative only and is presented for the purpose of enabling those skilled in the att to make
and use embodiments of the disclosure. The exclusive rights to all modifications which come

within the scope of the appended claims are reserved.
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WE claim:

1. A nozele nsert, comprising:

a body having a front portion and a rear portion;

a rim; and

a nozzle portion that includes an angled wall and an orifice wall, the angled wall
extending radially immward and laterally forward from the rim, and the ornifice wall intersecting
with the angled wall and defining a nozzle orifice,

wherein the onfice wall extends both laterally forward and rearward from the
intersection with the angled wall, and

wherein a cvlindrical inner surface of the orifice wall defines an ocutlet channel that
terminates at a forward end at the nozzle orifice and at a rearward end spaced rearward of a

forwardmost end of the angled wall.

2. The nozzle insert of claim 1, wherein the nozzle insert is configured to fit over

a post of an external actuator,

3. The nozzle mnsert of claim 1, wherein an interior cavity of the nozzle nsert is
defined by an interior surface of the body, an interior surface of the rim, and an 1nterior surface

of the angled wall.

4 The nozzle insert of claim 3, wherein the interior cavity and the outlet channel
define a fluid passageway and a central axis,
wherein the fluid passageway defines a tluid flow path, and

wherein the fluid flow path s generally parallel to the central axis.

5. The nozzle insert of claim 3 further comprising a plurality of ribs,

wherein the ribs are disposed along the interior surtface of the body, and

wherein the ribs extend axially toward the interior cavity.

6. The nozzle insert of claim 1 further comprising a nozzle msert cavity defived,
in part, by the body of the nozzle insert,

wheretn the nozzle wnsert is configured to attach to a container including a composition,
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wherein at a first time the nozzle insert cavity is primarily filled with the composition
in a gaseous or substantially gaseous state,

wherein at a second time the nozzle insert cavity is primarily filled with the composition
in a liquid or substantially liquid state, and

wheretn the first time oceurs before the second time.
7. The nozzle insert of claim 1 further comprising a plurality of raised portions,

wherein the raised portions extend radially inward from an interior surface of the rim.

3. The nozzle insert of claim 7, wherein each of the plurality of raised portions
further comprise a stop portion, and
wherein the stop portion is defined as a flat upstream face that extends radially inward

from an interior surface of the rim.

9. The nozzle nsert of claim 1 further comprising a plurality of cavities,
wherein the cavities are defined by cutouts such that the cavities extend radially inward

from an exterior surface of the angled wall

190 The nozzle insert of claim 1, wherein the orifice wall 15 cylindrical in shape, and
wherein g forwardmost face of the orifice wall defines a flat front face of the nozele

insert.
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11 A nozzle insert, comprising:

a body comprising a front portion and a rear portion,

a nim; and

a nozzle portion that wcludes an angled wall and an orifice wall, the orifice wall
intersecting with the angled wall and defining a nozzle orifice,

wherein the orifice wall extends both laterally forward and rearward from the
intersection with the angled wall creating a gap between the angled wall and the orifice wall,
and

wheretn a cylindrical tnner surface of the orifice wall defives an outlet chanvel that
termuinates at a forward end at the nozzle orifice and at a rearward end spaced rearward of a

forwardmost end of the angled wall.

12, The nozzle insert of claim 11, wherein the gap defives a swird chamber, and

wherein the swirl chamber is generally frustoconical in shape.

13 The nozzle insert of claim 12, wherein the orifice wall extends laterally rearward

from a forwardmost point of the swirl chamber.

14. The nozzie insert of claim 11, wherein an interior cavity is defined by an interior
surface of the body, an interior surface of the rim, and an interior surface of the angled wall,

wherein the interior cavity and the outlet channel define a fluid passageway and a
central axis,

wheretn the fluid passageway defines a fluid flow path, and

wherein the fluid flow path is generally parallel with respect to the central axis.

15, The nozzle insert of claim 11 further comprising a plurality of ribs and a
plurality of cavities,

wherein the plurality of ribs is located on an interior surtace of the body,

wherein tibs of the plurality of nibs extend axsally toward an interior cavity, and

wherein the cavities extend radially inward from an exterior surface of the angled wall.
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16. A nozzle insert, comprising:

a body comprising a front portion and a rear portion,

a rm;

a nozzle portion that ncludes an angled wall and an orifice wall, the orifice wall
intersecting with the angled wall and defining a nozzle orifice; and

a plurality of raised portions located on an interior surface of the rim,

wherein the orifice wall extends both laterally forward and rearward from the
intersection with the angled wall, and

wheretn a cylindrical tnner surface of the orifice wall defives an outlet chanvel that
termuinates at a forward end at the nozzle orifice and at a rearward end spaced rearward of a

forwardmost end of the angled wall.

17.  The nozzie insert of claim 16, wherein the plurality of raised portions further
comprises a plurality of sloped portions and a level portion,

wherein the level portion is disposed between the plurality of sloped portions.

g The nozzle insert of claim 16, wherein each of the plurality of raised portions
further comprises a stop portion,
wherein the stop portion is defined as a flat upstream face that extends radially inward

from an interior surface of the rim.

19, The nozzle insert of claim 16 further comprising a gap that 15 disposed between

the angled wall and the orifice wall.

20, The nozzle insert of claim 19, wherein an opening is formed between the raised
portions, and
wherein the opening partially defines a fluid passageway to the outlet channel or to the

gap between the angled wall and the oritice wall.
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