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COMPOSITIONS AND METHODS FOR DOUBLE ENCAPSULATION
OF A VOLATILE COMPOUND

BACKGROUND
[0001] Ethylene is an important regulator for the growth, development, senescence, and
environmental stress of plants, mainly affecting related processes of plant ripening, flower
senescence and leaf abscission. Ethylene is usually generated in large amounts during growth
of plants under environmental stress or during preservation and delivery of plants. Therefore
yield of plants such as fruit and crop can be reduced under heat or drought stress before
harvesting. The commercial value of fresh plants such as vegetables, fruits and flowers after
harvesting is reduced by excessive ethylene gas which hastens the ripening of fruits, the
senescence of flowers and the early abscission of leaves.
[0002] To prevent the adverse effects of ethylene, 1-methylcyclopropene (1-MCP) is
used to occupy ethylene receptors and therefore inhibiting ethylene from binding and eliciting
action. The affinity of 1-MCP for the receptor is approximately 10 times greater than that of
ethylene for the receptor. 1-MCP also influences biosynthesis in some species through
feedback inhibition. Thus, 1-MCP is widely used for fresh retention post-harvest and plant
protection pre-harvest.
[0003] But 1-MCP is difficult to handle because it is gas with high chemical activity. To
address this problem, 1-MCP gas has been encapsulated successfully by oil-in-water
emulsion with 1-MCP gas dissolved in internal oil phase, but 1-MCP concentration in final
product is still low (<50 ppm).
[0004] In another manner of addressing this problem, which is used in current
agricultural applications, 1-MCP is complexed with cyclodextrin to form a powder. 1-MCP
can be released from the complex as a gas when the powder is dissolved in water. A powder
product is much more convenient to use than a product in gas form, but the powder still has
disadvantages including: (1) it is not user-friendly when handling powder in the field or in an
enclosed space; (2) the powder form cannot stably and uniformly be suspended in water,
which leads to non-uniform delivery of 1-MCP to plants and uneven ripening response of
plants; and (3) after contact with water, 1-MCP is released completely within a short period
of time, which is much earlier than desired in many applications, causing some or all of the 1-
MCP to be lost to the surroundings. Therefore, 1-MCP powder products are not properly

formulated for use in water that is suitable for delaying plant maturation in the field.
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[0005] One effort to solve the above problems includes mixing 1-MCP complex powder
with other powders to form solid material mixtures, then processing the mixture into the form
of effervescent tablets or enclosing the mixture in a water impermeable container. But such
modified compositions still have disadvantages including: (1) similar to the limitations of
powders, they are still limited in applications since they usually require air circulation to
ensure uniform distribution of 1-MCP, which is not available in field application; and (2)
they cannot be applied in the field by spraying.

[0006] Thus, there remains a need for further development of compositions for delivery
of compounds including cyclopropenes or other plant growth regulators without the above

and other disadvantages. The present disclosure addresses this need.

SUMMARY OF INVENTION
[0007] The present invention relates to compositions, methods and materials for
delivering a cyclopropene or other active ingredient to a plant. Provided are compositions
comprising double encapsulated particles having a waxy coating and being imbedded in a
resin matrix. Such double encapsulated particles are further coated with Pickering particles
and suspended in an oil. The double encapsulated particles comprise a volatile compound
(for example, 1-MCP complex powder) as an active ingredient. Also provided are methods
for preparing such compositions and methods for using such compositions.
[0008] In one aspect, provided is a collection of double encapsulated particles suspended
in an oil medium, wherein each of the double encapsulated particles comprises (a) a resin
matrix with a first melting point; (b) a molecular complex coated in a waxy compound with a
second melting point where the coated molecular complex is embedded in the resin matrix,
and (¢) a coating comprising Pickering particles.
[0009] In one embodiment, the molecular complex comprises a volatile compound and a
molecular encapsulating agent. In a further embodiment, the volatile compound comprises a
cyclopropene.
[0010] In various embodiments, the composition has any of the more particular features

described herein below. In one embodiment, the cyclopropene is of the formula:

>

wherein R is a substituted or unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
phenyl, or naphthyl group; wherein the substituents are independently halogen, alkoxy, or

substituted or unsubstituted phenoxy. In another embodiment, R is C;.salkyl. In another



10

15

20

25

WO 2014/040402 PCT/CN2013/071362

embodiment, R is methyl.
[0011] In another embodiment, the cyclopropene is of the formula:

R3 R*

R R?
wherein R' is a substituted or unsubstituted C,-Cy alkyl, C;-Cy alkenyl, C;-C4 alkynyl, C;-Cq
cylcoalkyl, cylcoalkylalkyl, phenyl, or napthyl group; and R?, R?, and R* are hydrogen. In
another embodiment, the cyclopropene comprises 1-methylcyclopropene (1-MCP).
[0012] In one embodiment, the molecular encapsulating agent of any of the above-
described embodiments comprises alpha-cyclodextrin, beta-cyclodextrin, gamma-
cyclodextrin, or combinations thereof. In another embodiment, the molecular encapsulating
agent comprises alpha-cyclodextrin. In another embodiment, the resin matrix comprises
polyester resins. In another embodiment, the resin matrix comprises polyester, polyether,
epoxy resin, isocyanate, ethylene vinyl acetate copolymer, or combinations thereof. In
another embodiment, the resin matrix comprises polycaprolactone polyols. In a further
embodiment, the polycaprolactone polyols have molecular weight from 1,000 to 200,000. In
another embodiment, the polycaprolactone polyols have molecular weight from 2,000 to
4,000. In one embodiment, the first melting point is from 30 °C to 70 °C. In another
embodiment, the first melting point is from 50 °C to 60 °C.
[0013] In one embodiment, the waxy compound comprises carnauba wax, candelilla wax,
stearic acid, or combinations thereof. In another embodiment, the second melting point is
from 40 °C to 120 °C. In another embodiment, the second melting point is from 75 °C to 120
°C. In another embodiment, the second melting point is from 60 °C to 90 °C. In another
embodiment, the second melting point is from 80 °C to 90 °C. In another embodiment, the
Pickering particles comprise silica particles, clay, oxides, polymer particles, or combinations
thereof. In another embodiment, the Pickering particles comprise hydrophobic silica. In a
further embodiment, silica surface of the hydrophobic silica is modified by silane coupling
agent or organosilicon. In another embodiment, the oil comprises a mixture of alkanes in the
C15 to C40 range.
[0014] In one embodiment, the ratio of the double encapsulated particles to the oil is from

about 2:1 to about 1:100. In another embodiment, the ratio of the double encapsulated



10

15

20

25

30

WO 2014/040402 PCT/CN2013/071362

particles to the oil is from about 1:1 to about 1:100. In another embodiment, the ratio of the
molecular complex to the waxy material is from about 1:1 to about 1:100, by weight. In
another embodiment, the ratio of the molecular complex to the waxy material is from about
1:1.5 to about 1:100, by weight. In another embodiment, the ratio of the molecular complex
together with the waxy material to the resin is from about 1:1 to about 1:100, by weight. In
another embodiment, the ratio of the molecular complex together with the waxy material to
the resin is from about 1:1.5 to about 1:100, by weight. In another embodiment, the ratio of
the Pickering particles to the oil is from about 1:5 to about 1:25, by weight. In another
embodiment, the ratio of the Pickering particles to the oil is from about 1:10 to about 1:24, by
weight. In another embodiment, the average particle size of the double encapsulated particles
is from about 1 micron to about 200 microns. In another embodiment, the average particle
size of the double encapsulated particles is from about 20 microns to about 100 microns. In
another embodiment, the composition further comprises at least one surfactant.

[0015] In another aspect, provided is a method for preparing a composition. The method
comprises (a) blending a molecular complex with a waxy material at a temperature higher
than melting point of the waxy material to provide a blend; (b) melting a resin at a
temperature higher than its melting point; (c) mixing the blend of step (a) and melted resin of
step (b) to provide an uniform molecular complex-waxy material-resin dispersion; (d) mixing
Pickering particles with an oil; (e) dispersing the molecular complex-waxy material-resin
dispersion of step (c) into the mixture of Pickering particles and oil of step (d); and (f)
allowing solidification of the composition at a temperature lower than the melting
temperature of the resin. In one embodiment, the method further comprising the step of
grinding the blend into powder.

[0016] In another embodiment, the blending includes applying shear forces to said blend.
In another embodiment, the mixing includes applying shear forces to said mixture. In another
embodiment, the dispersing includes applying shear forces to said dispersion. In another
embodiment, the solidification does not comprise curing.

[0017] In another embodiment, the oil comprises a mixture of alkanes of C15 to C40, or a
distillate of petroleum. In another embodiment, the oil comprises a member selected from
the group consisting of a mineral oil, an edible oil, and combinations thereof. In another
embodiment, the temperature lower than the melting point of the resin is ambient temperature.
In another embodiment, the ratio of the molecular complex to the waxy material is from
about 1:1 to about 1:100, by weight. In another embodiment, the ratio of the molecular

complex to the waxy material is from about 1:1.5 to about 1:100, by weight. In another
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embodiment, the ratio of the Pickering particles to the oil is from about 1:5 to about 1:25, by
weight. In another embodiment, the ratio of the Pickering particles to the oil is from about
1:10 to about 1:24, by weight.

[0018] In one embodiment of the methods provided, the molecular complex comprises a

cyclopropene and a molecular encapsulating agent. In another embodiment, the

>

wherein R is a substituted or unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,

cyclopropene is of the formula:

phenyl, or naphthyl group; wherein the substituents are independently halogen, alkoxy, or
substituted or unsubstituted phenoxy. In one embodiment, R is C;galkyl. In another
embodiment, R is methyl.

[0019] In another embodiment, the cyclopropene is of the formula:

R3 R*

R R?
wherein R' is a substituted or unsubstituted C,-Cy alkyl, C;-Cy alkenyl, C;-C4 alkynyl, C;-Cq
cylcoalkyl, cylcoalkylalkyl, phenyl, or napthyl group; and R?, R?, and R* are hydrogen. In
another embodiment, the cyclopropene comprises 1-methylcyclopropene (1-MCP).
[0020] In one embodiment, the molecular encapsulating agent of any of the above-
described embodiments comprises alpha-cyclodextrin, beta-cyclodextrin, gamma-
cyclodextrin, or combinations thereof. In another embodiment, the molecular encapsulating
agent comprises alpha-cyclodextrin.
[0021] In one embodiment, the resin of any of the above-described embodiments
comprises a polyester resin. In another embodiment, the resin comprises a resin selected
from the group consisting of a polyester, a polyether, an epoxy resin, an isocyanate, an
organic amine, an ethylene vinyl acetate copolymer, a natural or synthesized wax, and
combinations thereof. In another embodiment, the resin comprises a polycaprolactone polyol.
In another embodiment, the resin comprises a polycaprolactone polyol having a molecular
weight from about 2,000 to about 4,000. In another embodiment, the resin comprises a

polycaprolactone polyol having a melting point from about 50 °C to about 60 °C. In another
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embodiment, the waxy compound comprises carnauba wax, candelilla wax, stearic acid, or
combinations thereof. In another embodiment, the waxy compound has a melting point from
about 80 °C to about 90 °C.

[0022] In another aspect, provided is an emulsion comprising an aqueous medium; and
any of the composition embodiments described herein. In another aspect, provided is a
sprayable slow-release formulation comprising the emulsion disclosed herein.

[0023] In another aspect, provided is a method of treating plants or plant parts. The

method comprises contacting said plants or plant parts with an emulsion as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] Figure 1 shows representative schematic double matrix encapsulated with HAIP
dispersion disclosed herein. HAIP refers to 1-methylcyclopropene/alpha-cyclodextrin
complex.
[0025] Figure 2 shows a representative release profile of 1-methylcyclopropene (1-MCP)
from HAIP powder upon contact with water.
[0026] Figure 3 shows a representative release profile of 1-methylcyclopropene (1-MCP)
from Sample 1-1, as described in Example 1.
[0027] Figure 4 shows a representative release profile of 1-methylcyclopropene (1-MCP)
from samples diluted with water: (a) Sample 1-4 within four (4) hours (inventive samples 1 to
4 refer to Samples 1-1, 1-2, 1-3, and 1-4; and (b) Samples 1-4 release rate over five (5) days.
[0028] Figure 5 shows a representative release profile of 1-methylcyclopropene (1-MCP)
from Sample 1-5 and Sample 1-6 upon dilution with water within four (4) hours (inventive
sample 5 and 6 refer to Sample 1-5 and 1-6).
[0029] Figure 6 shows typical SEM images of (a) HAIP powders and (b) HAIP-carnauba
wax core particles (after grinding and sieving through 100 mesh). (al, b1) Surface
morphology; (a2, b2) Cross-section morphology.
[0030] Figure 7 shows typical SEM images of encapsulated particles from (a) Sample 1-2
and (b) Sample 1-3: (al, b1) Overall surface morphology; (a2, b2) High magnification of (al,
bl); (a3, b3) Cross-section morphology of (al, bl); (a4, b4) Large particles from the

corresponding samples.

DETAILED DESCRIPTION OF THE INVENTION
[0031] Ethylene is well known as a plant hormone affecting the ripening, senescence and
leaf abscission of climacteric fruits and vegetables, in which it binds to ethylene receptor sites

and causes ripening. In raw crops, it has been shown that ethylene is usually generated when
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the plant is under environmental stress. The effect of ethylene gas can have negative effects
on yield and life storage of many crops.

[0032] Accordingly, it is desirable to prevent the pre-harvest adverse effects of ethylene
on crops in order to increase their yield. The gas 1-Methylcyclopropene (1-MCP) is a
chemical that interferes with the ethylene receptor binding process. The affinity of 1-MCP
for the receptors is about 10 times greater than that of ethylene. In freshness management, 1-
MCP is effective in blocking ethylene even at very small concentrations (~100 ppb).
However, 1-MCP is a gas difficult to handle and store; it is also flammable above a
concentration of 13,300 ppm. As a result, in current agriculture applications, 1-MCP is
usually stabilized into clathrate such as a-cyclodextrin (a-CD) to ease handling during
storage and transportation. The active ingredient 1-MCP is caged in a-CD and the resulting
crystalline complex, called High Active Ingredient Product (HAIP). HAIP is typically
composed of 100-150 um needle like crystals but can be air-milled to a 3-5 pm fine powder
if needed. HAIP product can be stored for up to 2 years without loss of 1-MCP at ambient
temperature inside a sealed container lined with a moisture barrier. Although the product is
more convenient for the application than the 1-MCP gas itself, it still has some disadvantages:
(1) it is in a powder form and thus is difficult to handle in the field or in an enclosed space;
and (2) it is water-sensitive, and releases 1-MCP gas completely within a short period of time
when in contact with water. Upon contact with water or even moisture, 1-MCP gas will be
quickly released at a rate which in not compatible with tank use as most of the gas will be lost
in the tank headspace before the product had a chance to be sprayed in the field.

[0033] In one embodiment, provided is a dispersion containing 1-MCP prepared by a
double matrix encapsulation approach which can be done as follows: (1) blend HAIP powder
with core materials for example a melted wax and grind the solid mixture into powder; (2)
blend the core mixture powder with shell materials for example a melted resin; and (3)
disperse the wax powder/melt resin blend into an oil medium containing hydrophobic
particles to obtain an oil emulsion/dispersion.

[0034] In this process, HAIP powder is imbedded in the core-shell structure with the wax
and a resin matrix. Hydrophobic particles serve as Pickering emulsifiers to stabilize the
matrix spheres. The hydrophobic particles also have the role of forming an additional layer
around the matrix spheres thus providing an additional layer of protection against water
penetration. The schematic morphology of the spheres produced by this approach is
illustrated in the Figure 1.

[0035] The formulations/compositions prepared based on the disclosed process can have
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at least one of the following advantages: (1) a unique double encapsulation structure prevents
the initial water penetration upon dilution and extends the release rate over a longer period of
time; (2) the process disclosed is simple and based on environmentally friendly chemistry: no
solvent or conventional surfactant is employed; the encapsulation is conducted without
polymerization, and all products are either EPA approved materials or polymers easily added
to the EPA inert ingredient list; (3) minimal 1-MCP loss as compared to previous
formulations; and (4) the final product appears convenient in use, and the formulation is easy
to store and transport.

[0036] When the product sample is diluted with water, water needs to go through the oil
medium and the hydrophobic particle layer before it can penetrate into the first resin matrix,
and then into the internal core wax where it can finally interact with the imbedded a-CD
complex and, in turn, release 1-MCP. Thus, compared to pure a—CD complex powder, the
compositions/formulations provided can enable a slow release of 1-MCP upon dilution in
water. Slowing down the release prevents the premature release of 1-MCP in the tank and
allows uniform delivery of 1-MCP to plants. The effective and consistent delivery in field
conditions can offer a significant improvement in regulating plant physiology.

[0037] The waxy material used in the subject invention may include, but not limited to,
carnauba wax, candelilla wax, other wax-like materials (e.g., stearic acid, polyglycerin ester
and polyester resins), and mixture thereof. At least one component of the waxes should have
a relatively strong affinity with HAIP, so that HAIP particles can be retained within the wax
matrix. Preferably, the wax has a melting point below 100°C, and a viscosity below 10,000
centipoises, so that it can be blended with HAIP powder to obtain a uniform mixture.

[0038] The resin used in the subject invention may include, but not limited to, pure
polymer resins with identical chemical structures and different molecule weights, melting
points or viscosities. The resin can also be a blend of several resins. The resin category
includes, but not limited to, polyester, polyether, epoxy resin, isocyanate, ethylene vinyl
acetate copolymer, natural or synthesized wax, and mixture thereof. At least one component
of the resin should have a relatively strong interaction with the HAIP-wax core, so that the
core particles can be retained within the resin matrix.

[0039] The Pickering particles used in the subject invention may include, but not limited
to, silica particles, clay, oxides, polymer particles and mixture thereof. Conventional
surfactants are optional to assist in the formation of a stable suspension of particles in oil.
Suitable surfactants include, for example, anionic surfactants, nonionic surfactants, and

mixtures thereof. Suitable anionic surfactants include, but are not limited to, sulfates and the
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sulfonates. Suitable nonionic surfactants include, but are not limited to, ethoxylates of fatty
alcohols, ethoxylates of fatty acids, block copolymer of polyoxyethylene and polyolefin, and
mixture thereof.

[0040] The step of solidifying particles may include, but not limited to, naturally cooling
down to ambient temperature or using a cooling aid device.

[0041] The step of grinding HAIP-wax blends may include, but not limited to, hand
grinding by mortar/pestle or grinding by grinders (including room temperature grinding,
water cooled grinding and cryo-grinding, etc).

[0042] The oil used in the subject invention may include, but not limited to, mineral oils,
light mineral oils, Isopar oils, Unipar oils and other hydrocarbon oils, edible oils and mixture
thereof.

[0043] A suitable oil medium may include a mineral oil, an edible oil or a mixture thereof.
In one embodiment, the oil medium comprises a mineral oil, which may comprise light
mixtures of alkanes in the C15 to C40 range, or a distillate of petroleum. Further examples of
oils that can be used include, but are not limited to, mineral oil, light mineral oils, Isopar oil,
Unipar oil and other hydrocarbon oils, edible oils and mixture thereof.

[0044] Suitable surfactants include, for example, anionic surfactants, nonionic surfactants,
and mixtures thereof. Some suitable anionic surfactants include, but not limited to, sulfates,
and the sulfonates. Some suitable nonionic surfactants include, but not limited to, ethoxylates
of fatty alcohols, ethoxylates of fatty acids, block copolymer of polyoxyethylene and
polyolefin, and mixture thereof.

[0045] Suitable resins are not limited to a polymer resin with the same chemical
structures or same molecule weight, but can also include blends of two or more resins.
Suitable resins for use in the methods and compositions disclosed herein include, but are not
limited to, polyester, polyether, epoxy resin, isocyanate, organic amine, ethylene vinyl acetate
copolymer, natural or synthesized wax, and mixture thereof. In one embodiment, at least one
component of the resin has an attraction, preferably a relatively strong interaction with a
cyclopropene molecular complex, preferably with HAIP, which can aid in the detention of
complex particles within the resin matrix. In one embodiment, the resin has a melting point
below 100 °C, and a viscosity below 10,000 centipoises.

[0046] In one embodiment, the resin comprises a polyester resin. One example of a
suitable polyester resin is a polycaprolactone polyol (“PCL”). In various embodiments, the
molecular weight of the polycaprolactone polyol is from 1,000 to 200,000; from 2,000 to
50,000; from 2,000 to 8,000, or from 2,000 to 4,000, inclusive of all ranges within these
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ranges. In various embodiments, the polycaprolactone polyol has a melting point from 30 °C
to 120 °C; from 40 °C to 80 °C; or from 50 °C to 60 °C, inclusive of all ranges within these
ranges. For example, resins including PCL with molecular weight about 120,000 can have a
melting point about 60 °C. In one embodiment, this kind of resin with a 60 °C melting point
is useful for the disclosed methods and compositions. 1-Methylcyclopropene/alpha-
cyclodextrin complex (referred to herein as “HAIP”) is known to tolerate temperature about
100 °C for a short duration (for example four minutes) without significant activity loss.
[0047] In one embodiment, suitable resins may have melting point of 55 °C or higher; 65
°C or higher; or 70 °C or higher. In another embodiment, suitable resins may have melting
point of 100 °C or lower; or 90 °C or lower.

[0048] Another method of assessing fatty compounds is the temperature of onset of the
melting point. To determine the onset temperature, the exotherm curve (heat flow vs.
temperature) produced by the DSC for the melting point transition is observed. The baseline
is determined, and a corrected heat-flow curve calculated by subtracting the baseline from the
original heat-flow curve. The maximum heat-flow value of the corrected curve (HFMAX) is
determined. The onset temperature is the lowest temperature at which the heat-flow value on
the corrected curve is equal to 0.1*HFMAX. Suitable resins may have onset temperature of
45 °C or higher; or 55 °C or higher.

[0049] In various embodiments, the ratio of the solid particles (also referred to herein as
“resin/complex particles”) to the oil may be from about 1:5 to about 1:25; or from about 1:10
to about 1:24, inclusive of all ranges within these ranges. In embodiments including one or
more surfactants, the ratio of the surfactants to the oil may be from about 2:1 to about 1:20;
or from about 1:1 to about 1:10, inclusive of all ranges within these ranges. In various
embodiments including HAIP powders, the ratio of the HAIP powder to resins may be from
about 1:1 to 1:100; or from about 1:2: to about 1:100, inclusive of all ranges within these
ranges. In various embodiments, the ratio of the resins to the oil may be from about 2:1 to
about 1:100; or from about 1:1 to about 1:100, inclusive of all ranges within these ranges.
[0050] As used herein, the term “resin” is synonymous with “polymer” and refers to a
relatively large molecule made up of the reaction products of smaller chemical repeat units.
The repeat units may be all identical or may include two or more different repeat units.
Polymer molecules may have structures including linear, branched, star-shaped, and mixtures
thereof. Polymer molecular weights can be measured by standard methods such as, for
example, size exclusion chromatography (SEC, also called gel permeation chromatography or

GPC). Polymers have number-average molecular weight (Mn) of greater than 700.
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“Oligomer” as used herein is also a molecule made up of the reaction products of smaller
chemical repeat units called monomer units. Oligomers have molecular weight of 700 or less.
[0051] A thermoplastic is a polymer that becomes pliable or moldable above a specific
temperature, and returns to a solid state upon cooling. In term s of structure characteristics, it
can be linear, branched, or star-shaped, where no chemical crosslinking between different
molecules. Resins like PCT with M.W. ~120,000 also melt at 60 °C. Such resin can be
called thermoplastic.

[0052] As used herein, a material is water-insoluble if the amount of that material that
can be dissolved in water at 25 °C is 1 gram of material or less per 100 grams of water.
[0053] As used herein, when reference is made to a collection of powder particles, the
phrase “most or all of the powder particles” means 50% to 100% of the powder particles, by
weight based on the total weight of the collection of powder particles.

[0054] As used herein, a “solvent compound” is a compound that has boiling point at one
atmosphere pressure of between 20 °C and 200 °C and that is liquid at one atmosphere
pressure over a range of temperatures that includes 20 °C to 30 °C. A “solvent” can be a
solvent compound or a mixture of solvents. A non-aqueous solvent can be a solvent that
either contains no water or that contains water in an amount of 10% or less by weight based
on the weight of the solvent.

[0055] As used herein, the phrase “aqueous medium” refers to a composition that is
liquid at 25 °C and that contains 75% or more water by weight, based on the weight of the
aqueous medium. Ingredients that are dissolved in the aqueous medium are considered to be
part of the aqueous medium, but materials that are not dissolved in the aqueous medium are
not considered to be part of the aqueous medium. An ingredient is “dissolved” in a liquid if
individual molecules of that ingredient are distributed throughout the liquid and are in
intimate contact with the molecules of the liquid.

[0056] As used herein, when any ratio is said to be X:1 or higher, that ratio is meant to be
Y:1, where Y is X or higher. Similarly, when any ratio is said to be R:1 or lower, that ratio is
meant to be S:1, where S is R or lower.

[0057] As used herein, the “aspect ratio” of a solid particle is the ratio of the particle's
longest dimension to that particle's shortest dimension. A particle's longest dimension is the
length of the longest possible line segment (“segment L) that passes through the particle's
center of mass and that has each of its end points on the surface of the particle. That particle's
shortest dimension is the length of the shortest possible line segment (“segment S”) that

passes through the particle's center of mass, that has each of its end points on the surface of
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the particle, and that is perpendicular to segment L. The aspect ratio is the ratio of the length
of segment L to the length of segment S.

[0058] As used herein, the “diameter” of a non-spherical particle is the average of the
length of that particle's segment L and that particle’s segment S. It is noted that, when the
particle is spherical, this definition gives the “diameter” in the usual sense.

[0059] As used herein, when a property of a powder is described as having a “median”
value, it is contemplated that half of the total volume of powder particles will consist of
particles that have that property with a value above that median value and that half of the
total volume of powder particles will consist of particles that have that property with a value
below that median value.

[0060] The practice of the present invention involves the use of one or more
cyclopropene compound. As used herein, a cyclopropene compound is any compound with
the formula

R3 R*

R’ R?

where each R', R?, R? and R* is independently selected from the group consisting of H

and a chemical group of the formula:
-(L)w-Z

where n is an integer from O to 12. Each L is a bivalent radical. Suitable L groups include,
for example, radicals containing one or more atoms selected from H, B, C, N, O, P, S, Si, or
mixtures thereof. The atoms within an L group may be connected to each other by single
bonds, double bonds, triple bonds, or mixtures thereof. Each L group may be linear,
branched, cyclic, or a combination thereof. In any one R group (i.e., any one of R', R*, R’
and R”) the total number of heteroatoms (i.e., atoms that are neither H nor C) is from 0 to 6.
Independently, in any one R group the total number of non-hydrogen atoms is 50 or less.
Each Z is a monovalent radical. Each Z is independently selected from the group consisting
of hydrogen, halo, cyano, nitro, nitroso, azido, chlorate, bromate, iodate, isocyanato,
isocyanido, isothiocyanato, pentafluorothio, and a chemical group G, wherein Gisa 3 to 14

membered ring system.
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[0061] The R', R* R’, and R* groups are independently selected from the suitable groups.
Among the groups that are suitable for use as one or more of R', R% R®, and R? are, for
example, aliphatic groups, aliphatic-oxy groups, alkylphosphonato groups, cycloaliphatic
groups, cycloalkylsulfonyl groups, cycloalkylamino groups, heterocyclic groups, aryl groups,
heteroaryl groups, halogens, silyl groups, other groups, and mixtures and combinations
thereof. Groups that are suitable for use as one or more of R', R%L R® and R* may be
substituted or unsubstituted.

[0062] Among the suitable R', R*, R?, and R* groups are, for example, aliphatic groups.
Some suitable aliphatic groups include, for example, alkyl, alkenyl, and alkynyl groups.
Suitable aliphatic groups may be linear, branched, cyclic, or a combination thereof.
Independently, suitable aliphatic groups may be substituted or unsubstituted.

[0063] As used herein, a chemical group of interest is said to be “substituted” if one or
more hydrogen atoms of the chemical group of interest is replaced by a substituent.

[0064] Also among the suitable R', R% R?, and R* groups are, for example, substituted
and unsubstituted heterocyclyl groups that are connected to the cyclopropene compound
through an intervening oxy group, amino group, carbonyl group, or sulfonyl group; examples
of such R', R?, R?, and R* groups are heterocyclyloxy, heterocyclylcarbonyl,
diheterocyclylamino, and diheterocyclylaminosulfonyl.

[0065] Also among the suitable R', R% R?, and R* groups are, for example, substituted
and unsubstituted heterocyclic groups that are connected to the cyclopropene compound
through an intervening oxy group, amino group, carbonyl group, sulfonyl group, thioalkyl
group, or aminosulfonyl group; examples of such R', R%, R?, and R* groups are
diheteroarylamino, heteroarylthioalkyl, and diheteroarylaminosulfonyl.

[0066] Also among the suitable R, R%, R?, and R* groups are, for example, hydrogen,
fluoro, chloro, bromo, iodo, cyano, nitro, nitroso, azido, chlorato, bromato, iodato, isocyanato,
isocyanido, isothiocyanato, pentafluorothio; acetoxy, carboethoxy, cyanato, nitrato, nitrito,
perchlorato, allenyl, butylmercapto, diethylphosphonato, dimethylphenylsilyl, isoquinolyl,
mercapto, naphthyl, phenoxy, phenyl, piperidino, pyridyl, quinolyl, triethylsilyl,
trimethylsilyl; and substituted analogs thereof.

[0067] As used herein, the chemical group Gis a 3 to 14 membered ring system. Ring
systems suitable as chemical group G may be substituted or unsubstituted; they may be
aromatic (including, for example, phenyl and napthyl) or aliphatic (including unsaturated
aliphatic, partially saturated aliphatic, or saturated aliphatic); and they may be carbocyclic or

heterocyclic. Among heterocyclic G groups, some suitable heteroatoms are, for example,
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nitrogen, sulfur, oxygen, and combinations thereof. Ring systems suitable as chemical group
G may be monocyclic, bicyclic, tricyclic, polycyclic, spiro, or fused; among suitable
chemical group G ring systems that are bicyclic, tricyclic, or fused, the various rings in a
single chemical group G may be all the same type or may be of two or more types (for
example, an aromatic ring may be fused with an aliphatic ring).

[0068] In one embodiment, one or more of R', R?, R?, and R* is hydrogen or (C;-C10)
alkyl. In another embodiment, each of R', R?, R?, and R* is hydrogen or (C;-Cs) alkyl. In
another embodiment, each of R', R?, R?, and R* is hydrogen or (C;-Cy) alkyl. In another
embodiment, each of R', R%, R?, and R is hydrogen or methyl. In another embodiment, R'is
(C1-Cy) alkyl and each of R?, R?, and R* is hydrogen. In another embodiment, R' is methyl
and each of R%, R?, and R* is hydrogen, and the cyclopropene compound is known herein as
I-methylcyclopropene or “1-MCP.”

[0069] In one embodiment, a cyclopropene compound can be used that has boiling point
at one atmosphere pressure of 50°C or lower; 25°C or lower; or 15°C or lower. In another
embodiment, a cyclopropene compound can be used that has boiling point at one atmosphere
pressure of -100 °C or higher; -50 °C or higher; -25 °C or higher; or 0 °C or higher.

[0070] The compositions disclosed herein include at least one molecular encapsulating
agent. In preferred embodiments, at least one molecular encapsulating agent encapsulates
one or more cyclopropene compound or a portion of one or more cyclopropene compound. A
complex that includes a cyclopropene compound molecule or a portion of a cyclopropene
compound molecule encapsulated in a molecule of a molecular encapsulating agent is known
herein as a “cyclopropene compound complex” or “cyclopropene molecular complex.”
[0071] In one embodiment, at least one cyclopropene compound complex is present that
is an inclusion complex. In a further embodiment for such an inclusion complex, the
molecular encapsulating agent forms a cavity, and the cyclopropene compound or a portion
of the cyclopropene compound is located within that cavity.

[0072] In another embodiment for such inclusion complexes, the interior of the cavity of
the molecular encapsulating agent is substantially apolar or hydrophobic or both, and the
cyclopropene compound (or the portion of the cyclopropene compound located within that
cavity) is also substantially apolar or hydrophobic or both. While the present invention is not
limited to any particular theory or mechanism, it is contemplated that, in such apolar
cyclopropene compound complexes, van der Waals forces, or hydrophobic interactions, or
both, cause the cyclopropene compound molecule or portion thereof to remain within the

cavity of the molecular encapsulating agent.
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[0073] The amount of molecular encapsulating agent can usefully be characterized by the
ratio of moles of molecular encapsulating agent to moles of cyclopropene compound. In one
embodiment, the ratio of moles of molecular encapsulating agent to moles of cyclopropene
compound can be 0.1 or larger; 0.2 or larger; 0.5 or larger; or 0.9 or larger. In another
embodiment, the ratio of moles of molecular encapsulating agent to moles of cyclopropene
compound can be 10 or lower; 5 or lower; 2 or lower; or 1.5 or lower.

[0074] Suitable molecular encapsulating agents include, for example, organic and
inorganic molecular encapsulating agents. Suitable organic molecular encapsulating agents
include, for example, substituted cyclodextrins, unsubstituted cyclodextrins, and crown ethers.
Suitable inorganic molecular encapsulating agents include, for example, zeolites. Mixtures of
suitable molecular encapsulating agents are also suitable. In one embodiment, the molecular
encapsulating agent comprises alpha-cyclodextrin, beta-cyclodextrin, gamma-cyclodextrin, or
combinations thereof. In a further embodiment, the molecular encapsulating agent comprises
alpha-cyclodextrin.

[0075] In one embodiment, complex powders may have median particle diameter of 100
micrometers or less; 75 micrometers or less; 50 micrometers or less; or 25 micrometers or
less. In another embodiment, complex powders may have median particle diameter of 10
micrometers or less; 7 micrometers or less; or 5 micrometers or less. In another embodiment,
complex powders may have median particle diameter of 0.1 micrometer or more; or 0.3
micrometer or more. Median particle diameter may be measured by light diffraction using a
commercial instrument such as those manufactured, for example, by Horiba Co. or Malvern
Instruments.

[0076] In another embodiment, complex powders may have median aspect ratio of 5:1 or
lower; 3:1 or lower; or 2:1 or lower. If a complex powder is obtained that has undesirably
high median aspect ratio, mechanical means may be used, for example, milling, to reduce the
median aspect ratio to a desirable value.

[0077] In the practice of the present invention, one or more oils are used. As used herein,
the phrase “o0il” refers to a compound that is liquid at 25 °C. and 1 atmosphere pressure and
that has a boiling point at 1 atmosphere pressure of 30 °C. or higher. As used herein, “oil”
does not include water, does not include surfactants, and does not include dispersants.

[0078] In some embodiments, one or more oil may be used that has boiling point of 50 °C.
or higher; or 75 °C. or higher; or 100 °C. or higher. In some embodiments, every oil that is
used has boiling point of 50 °C. or higher. In some embodiments, every oil that is used has

boiling point of 75 °C. or higher. In some embodiments, every oil that is used has boiling
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point of 100 °C. or higher. Independently, in some of the embodiments that use oil, one or
more oil may be used that has an average molecular weight of 100 or higher; or 200 or higher;
or 500 or higher. In some embodiments, every oil that is used has average molecular weight
of 100 or higher. In some embodiments, every oil that is used has average molecular weight
of 200 or higher. In some embodiments, every oil that is used has average molecular weight
of 500 or higher.

[0079] An oil may be either a hydrocarbon oil (i.e., an oil whose molecule contains only
atoms of carbon and hydrogen) or a non-hydrocarbon oil (i.e., an oil whose molecule contains
at least at least one atom that is neither carbon nor hydrogen).

[0080] Some suitable hydrocarbon oils are, for example, straight, branched, or cyclic
alkane compounds with 6 or more carbon atoms. Some other suitable hydrocarbon oils, for
example, have one or more carbon-carbon double bond, one or more carbon-carbon triple
bond, or one or more aromatic ring, possibly in combination with each other and/or in
combination with one or more alkane group. Some suitable hydrocarbon oils are obtained
from petroleum distillation and contain a mixture of compounds, along with, in some cases,
impurities. Hydrocarbon oils obtained from petroleum distillation may contain a relatively
wide mixture of compositions or may contain relatively pure compositions. In some
embodiments, hydrocarbon oils are used that contain 6 or more carbon atoms. In some
embodiments, hydrocarbon oils are used that contain 18 or fewer carbon atoms. In some
embodiments, every hydrocarbon oil that is used contains 18 or fewer carbon atoms. In some
embodiments, every hydrocarbon oil that is used contains 6 or more carbon atoms. Some
suitable hydrocarbon oils include, for example, hexane, decane, dodecane, hexadecane, diesel
oil, refined paraffinic oil (e.g., Ultrafine™ spray oil from Sun Company), and mixtures
thereof. In some embodiments, every oil that is used is a hydrocarbon oil.

[0081] Among embodiments that use non-hydrocarbon oil, some suitable non-
hydrocarbon oils are, for example, fatty non-hydrocarbon oils. “Fatty” means herein any
compound that contains one or more residues of fatty acids. Fatty acids are long-chain
carboxylic acids, with chain length of at least 4 carbon atoms. Typical fatty acids have chain
length of 4 to 18 carbon atoms, though some have longer chains. Linear, branched, or cyclic
aliphatic groups may be attached to the long chain. Fatty acid residues may be saturated or
unsaturated, and they may contain functional groups, including for example alkyl groups,
epoxide groups, halogens, sulfonate groups, or hydroxyl groups, that are either naturally
occurring or that have been added. Some suitable fatty non-hydrocarbon oils are, for

example, fatty acids; esters of fatty acids; amides of fatty acids; dimers, trimers, oligomers, or
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polymers thereof, and mixtures thereof.

[0082] Some of the suitable fatty non-hydrocarbon oils, are, for example, esters of fatty
acids. Such esters include, for example, glycerides of fatty acids. Glycerides are esters of
fatty acids with glycerol, and they may be mono-, di-, or triglycerides. A variety of
triglycerides are found in nature. Most of the naturally occurring triglycerides contain
residues of fatty acids of several different lengths and/or compositions. Some suitable
triglycerides are found in animal sources such as, for example, dairy products, animal fats, or
fish. Further examples of suitable triglycerides are oils found in plants, such as, for example,
coconut, palm, cottonseed, olive, tall, peanut, safflower, sunflower, corn, soybean, linseed,
tung, castor, canola, citrus seed, cocoa, oat, palm, palm kernel, rice bran, cuphea, or rapeseed
oil.

[0083] Among the suitable triglycerides, independent of where they are found, are those,
for example, that contain at least one fatty acid residue that has 14 or more carbon atoms.
Some suitable triglycerides have fatty acid residues that contain 50% or more by weight,
based on the weight of the residues, fatty acid residues with 14 or more carbon atoms, or 16
or more carbon atoms, or 18 or more carbon atoms. One example of a suitable triglyceride is
soybean oil.

[0084] Suitable fatty non-hydrocarbon oils may be synthetic or natural or modifications
of natural oils or a combination or mixture thereof. Among suitable modifications of natural
oils are, for example, alkylation, hydrogenation, hydroxylation, alkyl hydroxylation,
alcoholysis, hydrolysis, epoxidation, halogenation, sulfonation, oxidation, polymerization,
and combinations thereof. In some embodiments, alkylated (including, for example,
methylated and ethylated) oils are used. One suitable modified natural oil is methylated
soybean oil.

[0085] Also among the suitable fatty non-hydrocarbon oils are self-emulsifying esters of
fatty acids.

[0086] Another group of suitable non-hydrocarbon oils is the group of silicone oils.
Silicone oil is an oligomer or polymer that has a backbone that is partially or fully made up of
--Si--O-- links. Silicone oils include, for example, polydimethylsiloxane oils.
Polydimethylsiloxane oils are oligomers or polymers that contain units of the form

CH;3

l
slio

X1
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where at least one of the units has X1=CHj3. In other units, X1 may be any other group
capable of attaching to Si, including, for example, hydrogen, hydroxyl, alkyl, alkoxy,
hydroxyalkyl, hydroxyalkoxy, alkylpolyalkoxyl, substituted versions thereof, or
combinations thereof. Substituents may include, for example, hydroxyl, alkoxyl, polyethoxyl,
ether linkages, ester linkages, amide linkages, other substituents, or any combination thereof.
In some embodiments, every oil that is used is a silicone oil.

[0087] In some suitable polydimethylsiloxane oils, all X1 groups are groups that are not
hydrophilic. In some suitable polydimethylsiloxane oils, all X1 groups are alkyl groups. In
some suitable polydimethylsiloxane oils, all X1 groups are methyl. In some embodiments,
every silicone oil is a polydimethylsiloxane oil in which all X1 groups are methyl. In some
suitable polydimethylsiloxanes, at least one unit has an X1 group that is not methyl; if more
than one non-methyl X1 unit is present, the non-methyl X1 units may be the same as each
other, or two or more different non-methyl X1 units may be present. Polydimethylsiloxane
oils may be end-capped with any of a wide variety of chemical groups, including, for
example, hydrogen, methyl, other alkyl, or any combination thereof. Also contemplated are
cyclic polydimethylsiloxane oils. Mixtures of suitable oils are also suitable.

[0088] A carrier composition of the present disclosure may be used for treating plants or
plant parts in any way. For example, a carrier composition may be mixed with other
materials or may be used directly.

[0089] In another aspect, the present disclosure provides a method of using a carrier
composition as described herein for a formation of an aqueous slurry. An aqueous slurry can
be formed when the composition provided is mixed with an aqueous medium. To form such
a slurry, the aqueous medium may be mixed directly with the carrier composition. It is
expected that the resin/complex particles of the carrier composition remain intact in the slurry.
It is also contemplated that most or all of the resin/complex particles will be dispersed in the
slurry as individual particles rather than as agglomerates thereof. The resin/complex particles
may require mechanical agitation to remain suspended in the aqueous medium, or they may
remain suspended without agitation.

[0090] The amount of carrier composition provided in the slurry may be characterized by
the concentration of cyclopropene compound in the slurry. In one embodiment, suitable
slurries may have cyclopropene compound concentration, in units of milligrams of
cyclopropene compound per liter of slurry, of 2 or higher; 5 or higher; or 10 or higher. In
another embodiment, suitable slurries may have cyclopropene compound concentration, in

units of milligrams of cyclopropene compound per liter of slurry, of 1000 or lower; 500 or
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lower; or 200 or lower.

[0091] The amount of water in the aqueous medium used in the slurry may be, by weight
based on the weight of aqueous medium, 80% or more; 90% or more; or 95% or more.
[0092] The slurry may optionally include one or more adjuvants, for example and without
limitation, one or more metal complexing agent, alcohol, extender, pigment, filler, binder,
plasticizer, lubricant, wetting agent, spreading agent, dispersing agent, sticker, adhesive,
defoamer, thickener, transport agent, emulsifying agent or mixtures thereof. Some of such
adjuvants commonly used in the art can be found in the John W. McCutcheon, Inc.
publication Detergents and Emulsifiers, Annual, Allured Publishing Company, Ridgewood,
N.J., US.A. Examples of metal-complexing agents, if used, include chelating agents.
Examples of alcohols, if used, include alkyl alcohols with 4 or fewer carbon atoms.

[0093] Also provided is a method of treating plants by bringing the slurry into contact
with plants or plant parts. Such contacting may be performed in any location, including
inside enclosed spaces (for example, containers, rooms, or buildings) or outside of an
enclosed space. In one embodiment, such contacting is performed outside of any enclosed
space. As used herein, “outside of any enclosed space” means outside of any building or
enclosure or else in a room or building that is ventilated to outdoor atmosphere. In another
embodiment, such contacting is performed outside of any building or enclosure. In a further
embodiment, such contacting is performed in an outdoor field or plot.

[0094] The slurry of the present disclosure may be brought into contact with plants or
plant parts by methods known in the art. Examples of methods include dipping plant parts
into the slurry and applying slurry to plants or plant parts by spraying, foaming, brushing, or
combinations thereof. Other examples include spraying the slurry onto plants or plant parts
and dipping plant parts into the slurry. Additional examples include spraying the slurry onto
plants or plant parts.

[0095] Plants or plant parts may be treated in the practice of the present invention. One
example is treatment of whole plants; another example is treatment of whole plants while
they are planted in soil, prior to the harvesting of useful plant parts.

[0096] Any plants that provide useful plant parts may be treated in the practice of the
present invention. Examples include plants that provide fruits, vegetables, and grains.
[0097] As used herein, the phrase “plant” includes dicotyledons plants and
monocotyledons plants. Examples of dicotyledons plants include tobacco, Arabidopsis,
soybean, tomato, papaya, canola, sunflower, cotton, alfalfa, potato, grapevine, pigeon pea,

pea, Brassica, chickpea, sugar beet, rapeseed, watermelon, melon, pepper, peanut, pumpkin,
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radish, spinach, squash, broccoli, cabbage, carrot, cauliflower, celery, Chinese cabbage,
cucumber, eggplant, and lettuce. Examples of monocotyledons plants include corn, rice,
wheat, sugarcane, barley, rye, sorghum, orchids, bamboo, banana, cattails, lilies, oat, onion,
millet, and triticale. Examples of fruit include papaya, banana, pineapple, oranges, grapes,
grapefruit, watermelon, melon, apples, peaches, pears, kiwifruit, mango, nectarines, guava,
persimmon, avocado, lemon, fig, and berries.

[0098] As used herein, the phase “plant growth regulator” includes, but not limited to,
ethylene, cyclopropenes, glyphosate, glufosinate, and 2,4-D. Other suitable plant growth
regulators have been disclosed in International Patent Application Publication WO

2008/071714A1, which is incorporated by reference in its entirety.

EXAMPLES

Example 1 - Sample Preparation and Testing
[0099] Release rate of 1-MCP in water diluted samples is investigated as follows: Mix
about 3 grams of sample (described below) and 0.5 gram of surfactant in a 25 ml vial under
shearing. About 0.6 gram of the mixture is weighted into a 250 ml glass bottle, and then 2 ml
of millli Q water and 0.25 ml of cis-2- butene are added. The bottle is placed on a multi-
purpose rotator under constant gentle shaking to ensure the sample is wetted and diluted by
water, forming a milk-like emulsion. The 1-MCP gas released by the formulation in the glass
bottle is tracked periodically up to 4 hours. The analysis of the 1-MCP concentration is done
by gas chromatography (0.25 ml injections). After 4 hours, the bottle is heated in a water
bath to a temperature slightly above the melting point of the wax for 1 hour to entirely
liberate 1-MCP. From the measured concentration of 1-MCP, the amount of sample tested
and the entire concentration of 1-MCP release after heating the sample, it becomes possible
to calculate the release percentage of 1-MCP at each time point.
[00100] The release profiles of 1-MCP from the samples are compared to the release of 1-
MCP from HAIP powder. In order to measure the release of 1-MCP from HAIP, about 20
mg of HAIP powder is sealed into a 250 ml glass bottle after 2 ml of millli Q water and 0.25
ml cis-2- butene are added. 1-MCP is measured using the gas chromatography analysis.
[00101] Various samples are prepared in this example and listed in Table 1. Preparation of
each sample is set forth below.
[00102] Sample 1-1: (1) 29.108 grams of carnauba wax is placed in a vessel and heated up
to its melting point, 90 °C. After the wax melted, 10.034 grams of HAIP powder is gradually

added under shearing (1500 rpm for 10 minutes), followed by mixing for another 10 minutes
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to obtain viscous uniform HAIP-wax dispersion (HAIP loading 25.6349%). The dispersion is
then poured out to a glass dish and hardened by cooling. The resulting solidified HAIP-wax
blend is then broken up in pieces, ground to powder and sieved to 48-75 pm (between 200
and 300 mesh).

[00103] (2)2.6707 grams of polyester resin (PCL 230B) is added to a vessel and melted to
a temperature slightly above its melting point, 60°C. After the resin melted, 0.1553 grams of
HAIP-wax powder (1) is added, and the mixture is thoroughly mixed at 600 rpm for 5
minutes to obtain a uniform HAIP-wax-resin dispersion.

[00104] (3) 0.4204 grams of silica powder (AEROSIL® R202) and 6.5866 grams of
mineral oil are added into a vessel. The mixture is thoroughly mixed by high-speed shearing
at 12,000 rpm, followed by heating to 60 °C.

[00105] (4) HAIP-wax-resin dispersion (2) is blended with silica-oil mixture (3) at 60 °C
under stirring at 1000 rpm for 10 minutes to form particles wherein HAIP is imbedded. The
HAIP-wax-resin/silica-oil emulsion is then cooled down to allow solidification of the
emulsified particles.

[00106] Sample 1-2: (1) 5.018 grams of carnauba wax is added to a vessel and heated up
to its melting point, 90 °C. After the wax melted, 1.250 grams of HAIP powder is gradually
added under shearing at 1500 rpm for 10 minutes, followed by mixing for another 10 minutes
to obtain viscous uniform HAIP-wax dispersion (HAIP loading 19.9489%). The dispersion is
then poured out to a glass dish and allows solidification by cooling. The resulting solidified
HAIP-wax blend is then broken up in pieces, ground to powder and sieved to 75-150 um
(between 100 and 200 mesh).

[00107] (2) 2.7560 grams of polyester resin (PCL 230B) is added to a vessel and melted to
a temperature slightly above its melting point, 60 °C. After the resin melted, 0.3060 grams of
HAIP-wax powder (1) is added. The mixture is thoroughly mixed by shearing at 600 rpm for
5 minutes to obtain a uniform HAIP-wax-resin dispersion.

[00108] (3) 0.4217 grams of silica powder (AEROSIL® R202) and 6.6073 g mineral oil
are added into a vessel. The mixture is thoroughly mixed by high-speed shearing at 12,000
rpm, followed by heating to 60 °C.

[00109] (4) HAIP-wax-resin dispersion (2) is blended with silica-oil mixture (3) at 60 °C
under stirring at 1000 rpm for 10 minutes to form particles wherein HAIP is imbedded. The
HAIP-wax-resin/silica-oil emulsion is then cooled down to allow solidification of the
emulsified particles.

[00110] Sample 1-3: (1) 59.1120 grams of carnauba wax is placed in a vessel and heated
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up to its melting point, 90 °C. After the wax melted, 40.064 grams of HAIP powder is
gradually added under shearing at 1500 rpm for 10 minutes, followed by mixing for another
10 minutes to obtain viscous uniform HAIP-wax dispersion (HAIP loading 40.3969%). The
dispersion is then poured out to a glass dish and allows solidification by cooling. The
resulting solidified HAIP-wax blend is then broken up in pieces, ground to powder and
sieved to 48-75 um (between 200 and 300 mesh).

[00111] (2) 2.4508 g polyester resin (PCL 230B) is added to a vessel and melted at
temperature slightly above its melting point, 60 °C. After the resin melted, 0.6032 grams of
HAIP-wax powder (1) is added. The mixture is thoroughly mixed by shearing at 600 rpm for
5 minutes to obtain a uniform HAIP-wax-resin dispersion.

[00112] (3) 0.4220 grams of silica powder (AEROSIL® R202) and 6.6120 grams of
mineral oil are added into a vessel, and the mixture is thoroughly mixed by high-speed
shearing at 12,000 rpm, followed by heating to 60 °C.

[00113] (4) HAIP-wax-resin dispersion (2) is blended with silica-oil mixture (3) at 60 °C
under stirring at 1000 rpm for 10 minutes to form particles wherein HAIP is imbedded. The
HAIP-wax-resin/silica-oil emulsion is then cooled down to allow solidification of the
emulsified particles.

[00114] Sample 1-4: (1) 1.8014 grams of polyester resin (PCL 230B) is added to a vessel
and melted to a temperature slightly above its melting point, 60 °C. After the resin melted,
1.1866 g HAIP-wax powder (same as (1) in Sample 1-3) is added, and the mixture is
thoroughly mixed by shearing at 600 rpm for 5 minutes to obtain uniform HAIP-wax-resin
dispersion.

[00115] (2) 0.4245 grams of silica powder (AEROSIL® R202) and 6.6505 grams of
mineral oil are added into a vessel, and the mixture is thoroughly mixed by high-speed
shearing at 12,000 rpm, followed by heating to 60 °C.

[00116] (3) HAIP-wax-resin dispersion (2) is blended with silica-oil mixture (3) at 60 °C
under stirring of 1000 rpm for 10 minutes to form particles wherein HAIP is imbedded. The
HAIP-wax-resin/silica-oil emulsion is then cooled down to allow solidification of the
emulsified particles.

[00117] Sample 1-5: (1) 59.124 grams of candelilla wax is placed in a vessel and heated up
to its melting point, 90 °C. After the wax melted, 40.433 grams of HAIP powder is gradually
added under shearing at 1500 rpm within 10 minutes, followed by mixing for another 10
minutes to obtain a viscous uniform HAIP-wax dispersion (HAIP loading 40.6129%). The

dispersion is then poured out to a glass dish and allows solidification by cooling. The
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resulting solidified HAIP-wax blend is then broken up in pieces, ground to powder and
sieved to 48-75 um (between 200 and 300 mesh).

[00118] (2) 2.3186 grams of polyester resin (PCL 230B) is added to a vessel and melted at
temperature slightly above its melting point, 60 °C. After the resin melted, 0.5664 grams of
HAIP-wax powder (1) is added. The mixture is thoroughly mixed by shearing at 600 rpm for
5 minutes to obtain uniform HAIP-wax-resin dispersion.

[00119] (3) 0.4215 grams of silica powder (AEROSIL® R202)and 6.6035 grams of
mineral oil are added into a vessel, and the mixture is thoroughly mixed by high-speed
shearing at 12,000 rpm, followed by heating to 60 °C.

[00120] (4) HAIP-wax-resin dispersion (2) is blended with silica-oil mixture (3) at 60 °C
under stirring of 1000 rpm for 10 minutes to form particles wherein HAIP is imbedded. The
HAIP-wax-resin/silica-oil emulsion is then cooled down to allow solidification of the
emulsified particles.

[00121] Sample 1-6: (1) 15.00 g stearic acid is placed in a vessel and heated up to its
melting point, 90 °C. After the wax melted, 3.75 g HAIP powder is gradually added under
shearing at 1500 rpm within 10 minutes, followed by mixing for another 10 minutes to obtain
viscous uniform HAIP-wax dispersion (HAIP loading 20.00%). The dispersion is then
poured out to a glass dish and allows solidification by cooling. The resulting solidified
HAIP-wax blend is then broken up in pieces, ground to powder and sieved to 75-150 um
(between 100 and 200 mesh).

[00122] (2) 3.1500 grams of polyester resin (PCL 230B) is added to a vessel and melted at
temperature slightly above its melting point, 60 °C. After the resin melted, 0.0641 grams of
HAIP-stearic acid powder (1) is added. The mixture is thoroughly mixed by shearing at 600
rpm for 5 minutes to obtain uniform HAIP-wax-resin dispersion.

[00123]  (3) 0.4222 grams of silica powder (AEROSIL® R202) and 6.6148 grams of
mineral oil are charged into a vessel, and the mixture was thoroughly mixed by high-speed
shearing at 12,000 rpm, followed by heating to 60 °C.

[00124] (4) HAIP-stearic acid-resin dispersion (2) is blended with silica-oil mixture (3) at
60 °C under stirring of 1000 rpm for 10 minutes to form particles wherein HAIP is imbedded.
The HAIP-wax-resin/silica-oil emulsion is then cooled down to allow solidification of the

emulsified particles.
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Table 1. List of samples (formulations).

] Sample | Sample Sample | Sample | Sample | Sample
Ingredients Control
1-1 1-2 1-3 1-4 1-5 1-6
0.1553g | 0.3060¢g | 0.6032g | 1.1866¢

HAIP-

camauba | (256349 | (19.9489 | (40.3969 | (40.3969 / / HAIP

wax %:; 200 %:; 100 %:; 200 %:; 200 powder
HAIP- mesh) mesh) mesh) mesh)
wax
particles HAIP- 0.5664
(HAIP | candelilla / / ;| @069
loading) | wax %: 200
(Particle mesh)
size) 0.0641 g

HAIP-

stearic / / / / (20.000

. %:; 100
acid
mesh)

Polyester resin:
PCL30B 2.6707g | 2.7560g | 2.4508¢ | 1.8014g | 2.3186¢ | 3.1500 ¢
Silica powder:
AEROSIL *R202 04204g | 04217¢g | 04220g | 0.4245¢g | 04215g | 04222 ¢
Mineral oil 6.5866g | 6.6073¢g | 6.6120g | 6.6505¢g | 6.6035g | 6.6148 ¢
Total weight 9.8330¢g 10'9gl()0 10'(;880 10'(;730 99100¢g | 10251 g
HAIP final loading 0.4049% | 0.6035% | 2.4156% | 4.7589% | 2.3214% | 0.6254%

5 [00125] Control (HAIP powder): Figure 2 shows the release profile of 1-MCP from HAIP
powder upon contact with water. The 1-MCP gas is quickly and completely released from
HAIP after approximately 10 minutes.

[00126] Samples 1-1 to 1-6 (HAIP dispersions): Figure 3 shows a representative release
profile of 1-MCP from the diluted Sample 1-1 (HAIP loading 0.4049%). After 1 hour, the

10  release ratio is only ~14%, which is much slower than the pure 1-MCP complex product
(HAIP powder) (as compared to Figure 2). After 4 hours, Sample 1-1 releases ~28% of 1-
MCP, suggesting that the encapsulated HAIP dispersion can delay the initial 1-MCP release.
When Sample 1-1 is finally heated for 1 hour to a temperature above the melting point of
carnauba wax, 90 °C, the total amount of 1-MCP released can go up to ~98%, which is closed

15  tothe expected theoretical value, suggesting that a minimal amount of 1-MCP is lost during
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the double encapsulation process. A more complete release rate curve can be determined
based on the normalized release ratio at each time point (see Figure 4a). This convenient way
to compare the release rate profiles of different formulations is provided herein.
[00127] The amount of 1-MCP released is low in Samples 1-1 to 1-4 (between 6 to 14%
within the first hour following contact with water). Samples 1-1 to 1-4 gradually release 1-
MCP with a similar trend, reaching 21 to 29% of 1-MCP after 4 hours, demonstrating
delayed release of 1-MCP for the formulation provided made with carnauba wax and/or
polycaprolactone (PCL) as compared to uncoated HAIP powder.
[00128] Figure 4b shows a representative release of 1-MCP for Sample 1-4 over an
extended period of time up to several days after its initial contact with water. The graph
shows that 75% 1-MCP is released over a period of 5 days.
[00129] Figure 5 shows the release profile of 1-MCP from Samples 1-5 and 1-6, 4 hours
after dilution in water, demonstrating the use of candelilla wax (Sample 1-5) and/or stearic
acid (Sample 1-6) as the core particle materials and PCL as the shell to enable delayed initial
release of 1-MCP. A release of ~79% and ~44% is obtained 1 hour after the contact with
water for Sample 1-5 and Sample 1-6, respectively.
[00130] In view of the above results, the double matrix encapsulation process of the
present invention can be useful for spray tank applications. In this example, the HAIP
particles are double-encapsulated by a wax core and a resin shell. The emulsification is done
using a Pickering system. The designed structure brings significant improvement in delaying
the initial 1-MCP release (~25% after 4 hours in water) as compared with unprotected HAIP
powder (~100% in 10 minutes). It is believed that water penetration is hindered as it goes
through the successive layers of oil medium, hydrophobic particles, resin matrix and the wax
to finally interact with HAIP and, in turn, releases 1-MCP. Accordingly, extended release of
1-MCP can be achieved for a formulation designed to be used in spray tanks containing water,
and the formulations disclosed enable easy storage and transportation.

Example 2 - Images of Samples
[00131] Figure 6 shows SEM images of HAIP air milled product and HAIP-carnauba wax
blended particles (after grinding and sieving through 100 mesh). Typically, the HAIP has 3-5
um particle size, but some aggregates of larger particles can be observed (see arrows in
Figure 6al, and Figure 6a2). There are many uniform fine holes in the cross-section of HAIP
particles, as shown in Figure 6a2, which might be artifacts resulting from HAIP being
dislodged during the sample cutting SEM preparation. The blend of HAIP and carnauba wax

can be reduced in size by hand or by using a grinder thanks to the brittle nature of the wax.
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However, their particle size mainly remains constant between 100 and 200 mesh (75-150 pm), as
shown in Figure 6b1. The inner structure of the blended particles (Figure 6b2) is similar with
that of the HAIP (Figure 6a2), indicating HAIP particles have been uniformly embedded in the
wax matrix.

[00132] Figure 7 shows SEM images of encapsulated particles from Sample 1-2 and 1-3.
Following the PCL encapsulation based on Pickering emulsion, the resulting suspended particles
are found to have a particle size around 20-100 microns (see Figures 7al and 7bl). All the
particles are covered by hydrophobic silica nanoparticles (Figures 7a2 and 7b2). The cross-
section morphology (Figures 7a3 and 7b3) is slightly different from the HAIP-wax blended
particles (Figure 6b2). In this last picture, the HAIP-wax blend is non-uniformly distributed in
the PCL matrix particles, leaving some areas containing only the resin matrix. This resin
distribution is consistent with the double encapsulated core-shell structure design described in
Figure 1, and such distribution is a key to the slow release of 1-MCP since water has to penetrate
multi-layers of oil, coating and resin before being able to interact with HAIP. Note that some
large particles with diameter in the order of hundred microns (Figures 7a4 and 7b4) are present
in this formulation. This is due to the fact that the initial core HAIP-wax particles are somehow
large (100 or 200 mesh) for this particular preparation.

As used herein, except where the context requires otherwise, the term "comprise" and
variations of the term, such as "comprising", "comprises" and "comprised", are not intended to
exclude other additives, components, integers or steps.

Reference to any prior art in the specification is not an acknowledgment or suggestion
that this prior art forms part of the common general knowledge in any jurisdiction or that this
prior art could reasonably be expected to be understood, regarded as relevant, and/or combined

with other pieces of prior art by a skilled person in the art.
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CLAIMS

A composition comprising a collection of double encapsulated particles suspended in an

oil medium, wherein each of the double encapsulated particles comprises

(a) aresin matrix with a first melting point;

(b) a molecular complex coated in a waxy compound with a second melting point where
the coated molecular complex is embedded in the resin matrix, and

(c) a coating comprising Pickering particles.

The composition of claim 1, wherein the molecular complex comprises a volatile

compound and a molecular encapsulating agent.

The composition of claim 2, wherein the volatile compound comprises a cyclopropene,

which cyclopropene is optionally substituted as shown in the formula:

>S—x

wherein R is a substituted or unsubstituted alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, phenyl, or naphthyl group; wherein the substituents are independently

halogen, alkoxy, or substituted or unsubstituted phenoxy.

The composition of any one of claims 2 to 3, wherein the cyclopropene comprises

I-methylcyclopropene (1-MCP).

The composition of any one of claims 2 to 4, wherein the molecular encapsulating agent
comprises alpha-cyclodextrin, beta-cyclodextrin, gamma-cyclodextrin, or combinations

thereof; or wherein the molecular encapsulating agent comprises alpha-cyclodextrin.
The composition of any one of claims 1 to 5, wherein the resin matrix comprises

polyester, polyether, epoxy resin, isocyanate, ethylene vinyl acetate copolymer, or

combinations thereof; or polycaprolactone polyols.
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The composition of any one of claims 1 to 6, wherein the first melting point is from 30 °C

to 70 °C.

The composition of any one of claims 1 to 7, wherein the second melting point is from

75 °Cto 120 °C.

The composition of any one of claims 1 to 8, wherein the Pickering particles comprise
hydrophobic silica; or hydrophobic silica wherein silica surface of the hydrophobic silica

is modified by silane coupling agent or organosilicon.

The composition of any one of claims 1 to 9, wherein the oil comprises a mixture of
alkanes in the C15 to C40 range; or wherein the ratio of the double encapsulated particles
to the oil is from about 2:1 to about 1:100; or wherein the ratio of the molecular complex
to the waxy material is from about 1:1 to about 1:100, by weight; or wherein the ratio of
the molecular complex together with the waxy material to the resin is from about 1:1 to
about 1:100, by weight; or wherein the ratio of the Pickering particles to the oil is from

about 1:5 to about 1:25, by weight; or further comprising at least one surfactant.

The composition of any one of claims 1 to 10, wherein the average particle size of the

double encapsulated particles is from about 1 micron to about 200 microns.

A method for preparing a composition, comprising:

(a) blending a molecular complex with a waxy material at a temperature higher than
melting point of the waxy material to provide a blend;

(b) melting a resin at a temperature higher than its melting point;

(c) mixing the blend of step (a) and melted resin of step (b) to provide an uniform
molecular complex-waxy material-resin dispersion;

(d) mixing Pickering particles with an oil;
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13.

14.

15.

16.

17.

18.

19.

20.

(e) dispersing the molecular complex-waxy material-resin dispersion of step (c) into the
mixture of Pickering particles and oil of step (d); and
(f) allowing solidification of the composition at a temperature lower than the melting

temperature of the resin.

The method of claim 12, wherein the solidification does not comprise curing.

The method of any one of claims 12 to 13, wherein the oil comprises a mixture of alkanes

of C15 to C40, or a distillate of petroleum.

The method of any one of claims 12 to 14, wherein the molecular complex comprises a

cyclopropene and a molecular encapsulating agent.

The method of claim 15, wherein the cyclopropene comprises 1-methylcyclopropene (1-

MCP); or wherein the molecular encapsulating agent comprises alpha-cyclodextrin.

The method of any one of claims 12 to 16, wherein the resin comprises a

polycaprolactone polyol having a melting point from about 50 °C to about 60 °C.

An emulsion comprising:
(a) an aqueous medium; and
(b) a composition in accordance with any one of claims 1 to 11.

A sprayable slow-release formulation comprising the emulsion of claim 18.

A method of treating plants or plant parts comprising contacting said plants or plant parts

with an emulsion in accordance with claims 18 or 19.
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